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INCISUEA (sCTSSURELLA) LYTTELTONENSIS.

On the Anatomy and Systematic Position of

Incisura (Scissurella) lytteltonensis.

By

Oilbert €. Bourne,
Fellow of Merton College, Oxford, and Linacre Professor

of Comparative Anatomy.

With Plates 1—5.

•^ When Mr. Geoffrey W. Smith was in Tasmania in 1907-08

I asked him to collect for me any rare or remarkable speci-

mens of gastropod molluscs and preserve them in a form

suitable for anatomical and histological examination. Among
other forms Mr. Smith obtained for me^ through the kind

offices of Mr. C. Hedley, of the Australian Museum, Sidney,

a number of specimens of the little gastropod which is the

subject of the present memoir. They were preserved in

Perenyi's fluid, which of course dissolved the shells, but

except for the difficulty of stainiug always resulting from a

prolonged immersion in this reagent, the histological condition

of the specimens leaves little to be desired.

Scissurella lytteltonensis was described in 1893 by

E. A. Smith (16), who noted certain differences between the

shell of this and other species of the genus Scissurella, but

evidently did not consider them of generic importance. In

1904 C. Hedley (8) recalled attention to these differences,

and founded the new genus Incisura for the reception of

the species which, he maintained, is marked off from all

other Scissurellidae as also from all Pleurotomariidae by the

brevity of the slit in the shell, by the absence of raised rims

or keels on either side of the slit, by the subterminal apex,

VOL. 55, PART 1. NEW SERIES. 1



^ GILBERT C. BOURNE.

by the absence of spiral sculpture, and by the remarkable
solidity of the shell. He further asserted that his new genus
cannot, because of the above-mentioned differences, be in-

cluded among the Scissurellidte, and suggested that it is a
member of the Fissurellidfe in which development has been
arrested, so that the larval characters of the shell have
persisted in adult life. Hedley was evidently unacquainted
with Pelseneer's (12) memoir, containing an account of the
anatomy of this very species and of Scissurella costata,
which, brief as it is, leaves no doubt that the New Zealand
and the Mediterranean species are members of the same
family, but at the same time discloses so many anatomical as
Avell as conchological differences that they may well be placed
in different genera. After some consideration I am of the
opinion that Hedley's genus should stand, because the New
Zealand species, in addition to the conchological characters
enumerated above, differs from the Mediterranean species in

the following particulars: (1) In the shape of the radular
teeth. (2) In the shape of the foot, which is long and
narrow in S. costata and S. crispata, but short and
broad in Incisura ly tteltonensis. (3) In the absence of
cirrhi below the epipodial tentacles in Incisura. (4) The
greater development of the right columellar muscle, and the
more symmetrical disposition of the mantle in Incisura. In
its general anatomical features Incisura bears much the
same relation to Scissurella as Septaria bears to Paranerita
among the Neritidge. The systematic position of the Scissu-
rellida3 will more conveniently be discussed at the end of
this paper.

Scissurella is placed by most authors among the Pleuro-
tomariidas, though a few recognise the Scissurellidee as a
separate but closely allied family. A full description of its

anatomy is therefore much to be desired, but the accounts
that have hitherto been published are insufficient. Vayssiere

(18) has given a short and, as far as it goes, a good account
of the external features of S. costata var. l^vigata, and
has figured and described the radula and jaws of this species.
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Pelseueer (12), in his well-known memoir on the morphology

of primitive mollusca, gives seven figures of sections of

S. costata and two of Incisura lytteltonensis in addi-

tion to three figures of the external features of the latter

species. The description he gives in the text is concise, and

furnishes a good general idea of the anatomy of the family
;

but he does not give sufficient detail to enable one to make

a critical examination of its systematic position. Hence,

having sufiicient material at ray disposal, I have thought it

worth while to make a thorough study of the anatomy of

Incisura lytteltonensis.

Incisura, as Mr. Hedley states in a letter accompanying the

specimens, is found on the seaweed Cystophora in rock-pools

in Lyttleton Hai'bour, where it is associated with Rissoina,

Cantharides, and Gibbula. It may be inferred from its shape

and structure that it is semi-sessile in habit, but it is not

attached to one spot like a limpet. On the contrary, it is

fairly active, and one of the specimens was observed to crawl

for a distance of nearly half an inch in the space of a quarter

of an hour. When alive it is of a pink colour, and this tinge

is sometimes preserved in the shell. The length of the

animal, when contracted in spirit, is about 1 mm.
External features.—These have been correctly if somewhat

diagrammatically figured by Pelseneer. A three-quarter

ventral view of the animal is given in fig. 1. Attention may
be called to the following points : The visceral spire is

attenuated and much reduced, its coiled apex containing only

some lobes of the liver and, in some specimens, a portion of

the gonad. The last whorl is greatly expanded laterally,

compressed dorso-ventrally, and contains all the important

organs of the body. The snout is moderately long, termina-

ting in a trumpet-shaped expansion, on the ventral side of

which is the mouth. The mantle is large, and in contracted

specimens completely covers the head and the greater part of

the snout. The mantle slit, corresponding to the la,bral

incision in the shell, is short, and situated nearly opposite the

right eye; its margins are furnished with short digitiform
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processes bearing projectiug sense-papilla3, such as have

been described by Vayssiere in Scissurellacostata. The

cephalic tentacles are moderately long, reaching in their

contracted state as far forward as the end of the snout. They

are fringed with a large number of small, conical sense-

papillte, which, in Incisura, are not scattered all over the

surface of the tentacles as figured by Vayssiere for

S. costata, but are arranged in two multiple rows on the

inner and outer margins of each tentacle (fig. 27), somewhat

like the pinnules on the tentacles of an Alcyonarian polyp.

The structure of these sense-papillae will be described further

on. The eyes, which are closed and provided with a cornea

and lens, are situated on prominences at the outer sides of

the bases of the tentacles. Just below and behind the

tentacle of each side is a short sub-ocular tentacle which

does not bear sense-papillae like the cephalic tentacles, but is

richly ciliated and glandular in structure. In the single male

specimen of which I have cut sections, the sub-ocular tentacle

of the right side is somewhat enlarged, spatulate in form,

and more abundantly provided with gland-cells than in the

females. In all the females I have examined the sub-ocular

tentacle of both sides is digitiform.

The foot, as is shown in fig. 1, is rather short and triangular

in shape, the apex of the triangle being posterior. In shape

and in the size of the broad, creeping sole it differs consider-

ably from the narrower elongated foot of S. costata and

S. crisp at a. The epipodium begins as a low ridge in about

the middle third of the foot, and increases in size posteriorly.

As described b}?^ previous authors it bears three moderately

long epipodial tentacles on each side of the body towards the

posterior end of its course. These tentacles bear lateral rows

of sense-pjipillee exactly like those of the cephalic tentacles,

but there are no ventral cirrhi in connection with them as

in S. costata. The epipodial folds meet posteriorly above

the posterior end of the foot, and just dorsal to and in front

of their union is a muscular opercular lobe bearing the

operculum. The last-named structure is small, horny, and
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multispira,!, as in other Scissurellidas. It must be regarded

as vestigial since, as is the case in Pleurotomaria, it cannot

be of any use in closing the aperture of the shell. There are

two columellar or shell-muscles (fig-. 2) symmetrically disposed

right and left of the middle of the body, the right muscle

being slightly larger and extending rather further back than

the left.

As it is almost impossible to make dissections of an animal

scarcely exceeding 1 mm. in length, the following account of

the anatomy of Incisura is mainly founded on reconstructions

from sections, but I succeeded in making some satisfactory

whole preparations of the ctenidia, and have checked the

results of my reconstructions as far as possible by the study

of whole specimens cleared in various ways. Fig. 2 is a

camera drawing of a specimen stained in picro-carmine and

mounted in oil of cloves ; it shows as much of the general

anatomy as can be made out by this method. Figs. 3, 4, and

5 are reconstructions from sections showing respectively the

anatomical relations of the alimentary tract, the kidneys and

pericardium, and the nervous system. Figs. 6 to 12 are

camera drawings of some of the sections from which the re-

constructions were made.

Organs of the pallial complex.—Incisura is typically zygo-

branchiate, and the position and general characters of the

ctenidia, hypobranchial glands, left kidney, and pericardium

have been correctly described by Pelseneer.

The ctenidia.—Both right and left ctenidia take their

origin from the roof of the mantle-cavity, close to the anterior

end of the columellar muscle of their respective sides of the

body. The left ctenidium lies almost transversely across the

neck of the animal, its anterior extremity reaching nearly as far

as the base of the right tentacle (fig. 2), and it is closely com-

pressed between the body-wall and the roof of the mantle.

The right ctenidium, on the other hand, lies for the most

part in front of the right columellar muscle, and the bulk of

it hangs vertically downwards in the space enclosed between

the mantle and the outer side of the foot (fig. 7). Pelseneer
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has described the right ctenidium as mono-pectinate, but, as

may be seen in fig. 7, it is really bi-pectinate ; the external

lamellas, however, are few in number, and in some specimens

are so feebly developed that they might easily be overlooked.

It is at first rather difficult to make out the details of the

structure of the ctenidia and to institute an exact comparison

between them and those of closely allied Aspidobi-anchs, but

a careful study of sections and whole preparations shows that

they are constructed on the familiar pattern. Each ctenidium

consists of an axis, the posterior part of which is fused to the

roof of the mantle-cavity and extends back in the angle of

that side of the mantle-cavity to which it belongs, lying just

above the columellar muscle. The anterior end of the axis

is free, and the large osphradial ganglion, as is always the

case in Aspidobrauchia, is situated at the point where the

axis becomes free from the mantle. This point, in Incisura,

corresponds with the anterior end of the columellar muscle.

In the case of the left ctenidium that part of the axis which

is fused to the mantle bears no filaments, but, as will be des-

cribed further on, this statement does not hold good for the

right ctenidium. Taking the left ctenidium for the purpose

of description : its free apex projects into the mantle-

cavity ill front of the columellar muscle as a thin, tri-

angular lamina, which, as already explained, is bent over

to the right, and also is twisted about its own axis from

right to left in such wise that the morphologically outer row

of filaments become posterior in position, the morphologically

inner row anterior. The efferent branchial vessel runs, as is

always the case, along the dorsal, here the posterior margin,

and the afferent vessel along the ventral, here the anterior

margfin of the axis. The inner and now anterior filaments

borne on the free portion of the axis are short and not more

than four or five in number, and are folded backwards over

the upper (morphologically ventral) side of the axis, appa-

rently as a result of the latter being twisted from right to

left in a narrow space. The morphologically dorsal edges of

the anterior filaments are consequently maintained in a dorsal
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position. But in the case of the posterior filaments, which

are eight in number and much longer than the anterior fila-

ments, the twisting of the axis has brought the ventral

surfaces into a dorsal position. Fig. 16 represents a section

through the anterior and fig. 17 a section through the posterior

row of filaments. Each is more or less quadrangular in out-

line, its lateral walls formed of long columnar cells bearing

long and fine cilia, which in contracted specimens appear to

interlock like the cilia of the ciliated discs of filibranch

Lamellibranchia. I do not think, however, that their function

is to hold the filaments together, but simply to create

currents over the surfaces of the filaments. Their inter-

locking is simply due to their becoming matted together

in consequence of the conti^action of the gill in spirit. On the

ventral surface of each filament is a band of very short cilia.

The dorsal edge of the filament bears no cilia externally, but,

as shown in the figures, is produced to form a peculiar bolster-

shaped swelling, which, as far as I am aware, has no analogue

in the gills of any other mollusc. This dorsal glandular

ridge, as I will call it, takes its origin from near the free

distal end of the filament, and extending along the dorsal

face of the latter is closely fused to it for the greater part of

its length, but on approaching the proximal end of the fila-

ment the glandular ridge becomes free and ends in a small

rounded projection. The ridge is traversed throughout its

length by a small ciliated canal, which makes no communica-

tion with the blood channel of the filament, but opens into

the mantle-cavity in the angle between the free proximal

extremity of the ridge and the filament. This communication

with the mantle-cavity, as seen in section, is shown in the

central filament in fig. 17. In the filament on the right hand

in the same figure the section passes through the middle of

the glandular ridge, and the ciliated canal is seen to be closed

in on all sides and to be situated near the ventral, i.e. the

filamentary side of the ridge. The same features are shown

in the ridge attached to the right-hand filament in fig. 18,

but in the case of the left-hand filament in this figure the
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section passes through the more distal part of the ridge, and
the ciliated canal is seen to be smaller and situated near the

dorsal side of the ridge. A little further on it ends blindly.

As the figures show, the ridge is made up of a sheath or

cortex of elongated, fusiform cells, which pass nearly trans-

versely routid the periphery of the ridge, and a medulla of

large, closely packed ovoid or fusiform cells having lai-ge nuclei

and granular cell contents. The cells abutting on the lumen

of the ciliated canal are usually larger and more granular

than those more peripherally situated, and their histological

characters leave little doubt that they are secretory. It is

noticeable that there are very few if any glandular cells

interspersed among the columnar ciliated cells of the filament,

and the glandular ridge appears to have taken over the

secretory functions, and to replace the secretory cells scattered

over the surface of gill-filaments of other Mollusca. 'J'he

extreme specialisation exhibited by the formation of a closed

canal into which the secretory cells discharge their products

is certainly a remarkable feature in Incisura.

The central blood-channels of the filaments, as may clearly

be seen in the figures, are elongate-oval in shape, and their

walls are strengthened, for about half their extent, by

flattened, chitinous, skeletal bars, which, as in other molluscs,

may be traced to the proximal end of each filament, where

they diverge from one anothei*, and curve round to run up

in the walls of the blood-spaces of the adjacent filaments

(fig. 19). As M. F. Woodward (19) has shown that in

Pleurotomaria these skeletal bars run along the dorsal edges

of the gill-filaments, whereas in Nucula they run along the

ventral edges, it is of some interest to determine the position

of these bars in Incisura, which is usually reckoned as

belonging with the genera Scissurella and Schismope to the

Pleurotomariidae. It is clear from an inspection of fig. 17,

representing a transverse section through the posterior gill-

filaments of the left ctenidium, which, as explained above,

are turned upside down, that the skeletal bars lie on the

dorsal sides of the filaments, and the same thing can be
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seen still more clearly by inspection of fig. T , in which the

relations of the gill-filaments to the axis are obvious. In the

anterior gill-filaments of the left ctenidium the skeletal bars

appear to be ventral in position, but this is because these

filaments are reflected backwards and their natural surfaces

are reversed. Incisura, then, agrees withPleurotomaria, and

also with Trochus {fide F I cure and Gettings) and Fissurella,

and differs from Nucula. But it must be observed that

Woodward went further than the facts warranted when he

asserted that the position of the gill-bars indicated a more

remote affinity between Pleurotomaria and the primitive

Lamellibranchia than is generally supposed. As a matter of

fact the skeletal bars differ considerably in position in some

not remotely related mollusca. In Solenomya, for instance,

they are shifted to a more dorsal position than in Nucula, and

in the Filibranchia they are actually dorsal. The fact is, as

Woodward himself pointed out, these skeletal bars have a

physiological rather than a morphological significance, and

are always developed in close relation to the tracts of cells

bearing specially long or functionally important cilia. Hence,

in Filibranchia we find them related to the ciliated discs,

which are near the dorsal edges of the filaments.

In so small an object as Incisui-a it is very difficult to make

sui'e of the presence or absence of a septum dividing the

blood-channel into an afferent and an efferent moiety, but I

am tolerably certain that such a septum exists, as shown in

fig. 18. But it is not always placed transversely, but may

be oblique or even nearly longitudinal.

The attached portion of the axis of the right ctenidium

extends far back in the extreme right-haud corner of the

mantle cavity, lying close above the columellar muscle of

that side, and gives off some three or four short filaments

before reaching the level of the osphradial ganglion. At

this spot there is a break in the continuity of the filaments,

none being formed in the immediate proximity of the ganglion,

but in front of it the ctenidial axis becomes free, and drops

vertically down in front of the columellar muscle to hang in
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the space between the foot and mantle, as shown in fig. 7.

The basal portion of the axis is also enlarged at tiiis point,

and gill -filaments are given off from both sides, both of the

free apex and of the broad basal portion. These filaments

are not simply digitiform like those of the left ctenidium,

but are plate-like, with the glandular ridge running along

their dorsal margins, as shown in fig. 7. As the skeletal

bars and glandular ridges are on tlie inner side of the

filaments of the inner row, the free axis must have been

rotated through 45° to bring the dorsal surface inwards.

The plate-like filaments springing from the expanded base of

the free part of the axis spread out on, and are attached to,

the adjacent parts of the mantle; the filaments, or as they

more appropriately might be called, the " gill-lamellae" of the

inner row extending dorsal ly along the inner surface of the

mantle, while those of the outer row, two or three in number,

pass round the front edge of the columellar muscle and run

back for some distance below it as ridges projecting inwards

from the dependent margin of the mantle (fig. 8, m. h)'.) The

blood supply to the ctenidia will be described in connection

with the heart.

Tlie rectum runs diagonally from left to right in the roof of

the mantle-cajvity, and the anus opens opposite the slit in the

mantle edge. In much contracted specimen.s, such as that

from which fig. 2 was drawn, the anus is situated some dis-

tance from the slit, but in other less contracted specimens

it is close to it.

The hypobranchial glands lie in the roof of the mantle on

either side of the rectum, between it and the ctenidia. Both

consist of a more or less extensive modified glandular patch

of the internal epithelium of the mantle. The gland-cells are

very large relatively to the size of the animal, and are of two

kinds : large ovoid cells filled with large granules which

stain deeply in hasinatoxylin and green in picro-indigo-car-

nnne ; these are therefore mucigeuous cells. The other

gland-cells are of nearly the same size and shape, but have

clear or minutely granular contents. The left hypobranchial
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gland is much the smaller of the two (figs, 7 and 8) ;
posteriorly

it is a narrow strip of glandular epithelium lying between the

terminal part of the rectum ; anteriorly in front of the anus

it becomes broader and extends about as far forward as the

level of the mantle slit, but stops far short of the anterior

border of the mantle. In this pre-anal region the right and

left hypobranchial glands are very closely approximated in

the middle line. The right hypobranchial gland has approxi-

mately the same anterior extension as the left, but runs back-

wards on the right side of the rectum nearly to the posterior

end of the mantle-cavity. Comparing the arrangement with

that described by Woodward for Pleurotomaria, it is obvious

that the pre-anal portions of the two glands of Incisura

correspond to the large anterior hypobranchial gland, " par-

tially divided by a median longitudinal furrow into two

halves," of Plenrotoniaria, and the posterior portions of the

two glands of Incisura correspond to the two "additional

mucous glands " lying on either side of the rectum of Pleuro-

tomaria. But whereas in the latter genus the left additional

gland is conspicuously the larger, in Incisura it is the right

posterior portion of the gland which preponderates in size,

the left gland being small, no doubt because of the relatively

large size of the left kidney, for the hypobranchial gland

does not extend beneath this organ.

The pericardium, as in all Rhipidoglossa except the Helici-

nidas, is traversed by the rectum. It is relatively of large

size, and can always be distinguished in whole specimens as

a clear space surrounding the first bend of the rectum on the

left side of the body behind the columellar muscle. At this

point it lies close to the surface of the body, and its outer

wall is very thin and transparent (tig. 11). The exact limits

of its extension to the right are very hard to make out,

because the left kidney projects into it from above, and its

cavity is largely blocked by the auricles. Its extent, as far

as I am able to determine it by reconstruction from sections,

is represented by the thick black line in fig. 4. The large

transverse extension of the pericardial space, as compared
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with its narrow limits in Pleurotomaria, Haliotis^ or Trochus,

is correlated witli the tendency towards a secondary bilateral

symmetry, the development of two colutnellar muscles, and

the position of the cteiiidia wide apart from one another on

the right and left sides of the body. The necessary result is

an increased breadth of the body, and the blood returning to

the heart by the efferent branchial vessels has to traverse a

considerable distance before reaching the ventricle. In other

words, the auricles are considerably elongated, and the peri-

cardium has to be extended to receive them. Very similar

relations are seen in Fissurella.

The heart and circulatory system.—The ventricle

is placed rather far forward on the rectum ; no further for-

ward than in Fissnrella, but much further forward than in

either Pleurotomaria or Haliotis. The walls of the ventricle

are so thin and feebly muscular that they are difficult to

recognise, even with the highest powers of the microscope.

The auricles also have very thin walls but are more easily

recognisable. The left auricle is relatively very large (fig. 10),

and its anterior border gives off a number of short and wide

sinuses, which penetrate the folds of the wall of the left

kidney and vascularise this organ. The right auricle is of

smaller size. The course of the blood-vessels, as far as I was

able to determine it, is of the usual diotocardiate type, and is

diagrammatically represented in fig. 4, which is fully lettered

and needs no further description. I was unable to trace the

course of the aorta, but the blood, after passing to the foot

and the various viscera, is evidently collected in a large sinus

lying below the pedal ganglia, and is returned to the afferent

branchial vessels by sinuses running over the dorsal side of

the great mass of muscle-fibres which diverge on each side of

the foot to form the columellar muscles.

The kidneys.—The left kidney (figs. 8, 9, and 13) is of

comparatively large size, but its structure and histological

characters leave no doubt that it corresponds physiologically

to the papillary sac of the Pleurotomariidae, Haliotidas, and

Turbouid^e, for it is unquestionably phagocytic and not depu-
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ratory. It is a triangulai* sac lying close alongside of the

rectum and projecting largely into the pericardium. It opens

into the mantle-cavity by a simple slit-shaped aperture with

somewhat tumid lips (fig. 9). The majority of the specimens

of which I cut sections were females, and in all of them the

cavity of the sac was large and but slightly broken up by

ridges or papillae projecting into it. In all the specimens the

epithelium lining the cavity of the sac and covering the

papillas had the characters shown in fig. 14. The cells are

large and pale, with pale nuclei, and most of them are stuffed

with rod-shaped masses which stain very deeply with iron

hjematoxylin. Whatever may be the nature of these rods,

which, as shown in the figure, have rhomboid outlines and

are appai'ently crystalline, they have clearly been taken up by

the amoeboid cells of the left kidney from the adjoining blood-

spaces, for these latter are also filled with similar rods, which,

however, are smaller, more transparent, and stain less deeply

in hgematoxylin. The left kidney differs considerably in appear-

ance according to its functional activity. In some specimens

no rod-shaped bodies can be detected in the cells, and the

walls of the kidney sac then appear pale and thin. In other

specimens, again, no rod-shaped bodies can be seen in the

blood-sinuses, but the kidne^^-cells are stuffed so full of them

that their outlines are no longer distinguishable. In other

specimens, again, the rod-shaped bodies are abundant in the

blood-sinuses and more or fewer are present in the kidney-

cells. A portion of the epithelium of a specimen in the last

condition is represented in fig. 14. The fact that the histo-

logical character of the left kidney or papillary sac in Haliotis

and Trochus is different fi-om that of the right kidney was

established by Remy Pei-rier in his careful studies on the

kidneys of prosobranch Gastropoda, and Pelseneer (11) after-

wards showed that the amoebocytes of the papillary sac take

up solid particles, such as carmine or Indian ink, injected

into the blood-sinuses, whereas the secretory cells of the right

kidney eliminate sulphindigotate of soda injected in solution

into the blood. Both kidneys of Patella are depuratory, that
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is to say, they take up sulpliindigotate of carmine from the

blood, but there is still some doubt as to the very rudimentary

left kidney of Fissurella. Remy Perrier (14) describes its

histological structure as identical with that of the right

kidney, and consequently it has been generally assumed that,

like the left kidney of Patella, it is depuratory in function,

but this is not certain and the subject requires renewed

investigation. All observers agree in desci-ibing the left

kidney of the Fissnrellida) as being in a rudimentary con-

dition, and it is possibly nearly if not quite functionless. It

may even be absent in some species of Fissurella, for I have

been unable to find a trace of it in transverse and longitudinal

sections of F. graeca.

In the single male specimen of Incisura of which I have

sections the left kidney is larger than in any of the females;

the papillaj projecting into its cavity are more numerous, are

covered with a much more definite layer of epithelial cells,

and I could not find any trace of phagocytosis in the latter.

Whether this is a constant sexual difference I cannot say, as

I was unable to find another male. A section tli rough this

kidney is i-epresented in fig. 13, which also shows the left reno-

pericardial canal. The last-named structure is found in the

same position in both male and female. It opens into the

kidney close to the external aperture of the latter, and runs

towards the left as a very fine canal which traverses the floor

of the kidney and opens into the left-hand corner of the peri-

cardium, as indicated in the figure. The cells lining the

nephric end of the canal appear to bear very fine cilia, but I

am unable to speak with certainty on this point. The i-ight

kidney of Scissurella and Incisura has been very briefly

described by Pelseneer (12), who figures it as a very small

tube lying below the rectum in S. costata and to the right

of the rectum in Incisura. He describes it as being rather

narrow in its anterior portion and says further: "II s'etend

partiellement sous le rectum, comme chez Trochus, et penetre

dans la masse viscerale, au cote droit de ce corps, sur et entre

les convolutions de Tiutestin."



INCISUEA (sCISSURELLA) LYTTELTONENSTS. 15

I may amplify this account by saying that the right kidney

of Incisura is a structure of considerable size and importance

which may be described as consisting of three lobes. The
most anterior lobe, varies considerably in size : it lies in the

roof of the mantle-cavity to the right of the rectum (figs. 4

and 10) and somewhat posterior to the left kidne3\ It opens

by a simple slit-shaped apertui-e (fig. 10, h.r.o.) into the mantle-

cavity, and a few sections further back than the one figured

it extends over to the right, forming a considerable projection

into the posterior part of the mantle-cavity. Posteriorly it

gives oif two lobes. That on the right runs nearly vertically

downwards close to the right side of the vertical loop of the

intestine and passes inward among the viscera, curving round

the floor of the middle part of the stomach and eventually

coming in contact with the gonad, but it does not effect any
communication with this organ. The left posterior lobe

passes below the rectum and overlies the anterior c^cal end
of the stomach.

The exci-etory cells of the depuratory kidney of Gastropods

are notoriously difficult to preserve, and in my specimens

were too much macerated to admit of a satisfactory study of

their structure. For the same reason I have been unable to

satisfy myself completely as to the relations of the right reno-

pericardial canal. For some time I was uncertain whether

any communication existed between the right kidney and the

pericardium, but the series of sections represented in figs. 22

to 26 demonstrate that this connection does exist, and that, as

in Trochus, there is an intimate connection between the right

reno-pericardial canal and the gonaduct. In fig. 22 the ovi-

duct {od.) is seen lying close to the right side of the anterior

lobe of the kidney, and from it a narrow canal leads upwards

and inwards. The histological features of this canal are not

well preserved in any of my specimens, but its walls appear

to be formed by cubical epithelial cells containing small, deeply

staining nuclei, whose characters as shown in figs. 22 and 23,

suggest that they bear cilia and form a ciliated funnel open-

ing into the pericardium. The connection between the canal
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and the pericardium is clearly shown in fig. 24, and figs. 23

to 25 show that the lower end of the canal is, in fact, con-

tinuous with the gonaduct, and opens along with it into the

kidney, close to the external orifice of the latter. It should

be noted as a peculiar feature in Incisura that there is no

distinct duct to the right kidney; its simple slit-like opening

into the mantle-cavity is a Pectinibranch character.

The gonad, in both sexes, is a simple tubular sti-ucture lying

to the left side of the stomach, and in the case of the ovary

partly embracing this organ. The anteiior end of the gonad

extends as far forward as the posterior limit of the mantle-

cavity and ends blindly below the first bend of the rectum.

The cavity of the ovary, in all my specimens, is filled with ova

in all stages of development, the ripe ova being very large

relativel}' to the size of the animal, and abundantly supplied

with yolk-granules. The testis, in the single male I have

been able to examine, is very small, and I think the individual

must have been a spent one, as the cavity of the testis only

contained a few free spermatozoa and I could find no trace of

spermatogenesis.

The course of the gonaduct and its connection with the

right kidney has been correctly but all too briefly described

and insufficiently figured by Pelseneer. He only says of it :

*'La glande genitale est unique et occupe le soinmet de la

masse viscerale. Elle n'a pas d'orifice exterieure ; son con-

duit ai-rive au rein droit." But it would be difficult for any-

body to guess the course of the gonaduct before its arrival

at the right kidney by an inspection of his fig. 115, perfectly

correct as it is. As shown in fig. 4 the ovary, which in

the more anterior and broader part of the visceral mass

is on the left side of the stomach, extends into the narrow

commencement of the terminal whorl of the spire, and here

its posterior end is produced from left to right into a

fairly spacious thin-walled sac which lies between the upper

and lower of the two posterior lobes of the liver extend-

ing into the spire. The walls of this sac are not lined by a

germinal epithelium but its cavity often contains a ripe ovum.
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It is the commencement of the oviduct. Rapidly narrowing

in diameter it passes forward to the right of the posterior end

of the stomach and the liver lobes originating from it, and

maintaining a position close below the external body-wall, it

passes as a very much flattened and very thin-walled duct

along the right side of the visceral mass, gradually mounting

from a more ventral to a more dorsal position till it arrives

above the right-hand loop of the intestine. All this while it

has laid close to the outer body-wall, and it is extremely

difficult to follow its course, owing to its being flattened

between the liver and the external integuments. It turns in-

ward just above and in front of the right visceral ganglion

and runs in the roof of the posterior end of the mantle-cavity

towards the right kidney (fig. 11). Here its walls become

thicker and are lined by a distinct cubical epithelium. The

duct does not at once enter the kidney but runs along its

outer wall and opens into it in close proximity to the renal

orifice. As stated above the gonaduct opens into the kidney

coincidently with a reno-pericardial canal, the relations

being very similar to those in Trochus. The vas deferens

takes the same course as the oviduct.

The alimentary tract.—The buccal bulb is relatively of

enormous size. There are two large odontophoral cartilages

on either side whose shape, as seen in section, is very similar

to that of the cartilages of Fissurella as figured by Boutan.

As shown in figs. 6, 7, and 8, the anterior and dorsal cartilages

are the larger, and support the radula ; the posterior cartilages

lie ventrad of the hinder ends of the anterior cartilages and

have concave upper surfaces, with which the hinder ends of

the latter articulate. A similar arrangement obtains in

Trochus, and has been well described by Randies (15). The
musculature of the buccal bulb is powerful, but I have not

attempted to follow it out in detail. It is noticeable, how-
ever, that the cross-striation, both of the intrinsic and ex-

trinsic muscles of the odontophore, is very well marked.

Though it is well known that these muscles are cross-striped

in Gastropods, I am not aware that the character of the stria-
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tioiis has been carefully studied, and I take this opportunity

of giving a drawing (fig. 15) of three fibres of the extrinsic

muscles attaching the anterior end of the odontophore to the

integuments of the snout. These wei'e specially well-stained,

and it is obvious that tlie ends of the filjres nearest the snout

are in a state of contraction, while their odontophoral ends

—

the lower ends in the figure—are relaxed. The fibres are not

round but elongate oval in cross-section. 1'hat on the right

has been cut through its long axis; in the two fibres on the

left the section passes through the shorter axis, near the edge

of the fibres. It can be seen that each fibre is a single

metamorphosed cell, with a single nucleus situated near its

broader end. The central poi-tion of the cell, in which lies

the nucleus, is composed of but little-altered cytoplasm,

exhibiting an alveolar or reticular structure, differing from

the normal only in the fact that the meshes of the reticulum

are very regularly disposed in rectangular fashion. This

cytoplasmic core of the fibre is invested by a sheath of con-

tractile substance, which is thickest at the two ends of the

long axis of the oval, and therefore appears as two bands in

the right-hand fibre in the figure, while in the two left-hand

fibres only the contractile substance is cut through. The

whole is invested by a delicate sarcolenima. The most

interesting thing about these fibres is that the reticular

arrangement of the cytoplasmic core corresponds exactly with

the striations of the contractile substance in the upper part of

the fibre on the right side of the figure, and in the left-hand

fibre the cross-striations are very obvious and close together

in the uppermost contracted part of the fibre, but lower down

as the fibre becomes more relaxed, the dark transverse lines

become progressively broader and faintei", and each may be

seen to be made up of a number of dark longitudinal stride,

which may well be interpreted as nodal thickenings of a

reticulum. It is, of coui'se, possible that the difference

between the two ends of the fibres is due, not to a difference

in the state of contraction, but to a greater specialisation of

the broader end. Whichever interpretation is correct, the
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appearances lend support to tlie reticular theory of the con-

stitution of striped muscle-fibre, and are inconsistent with

the opposing theoi-y of sarcomeres.

The mandibles occupy the usual position at the sides of the

mouth, and are composed of a number of plates or "tesserae"

as d escribed by Vayssiere for S c i s s u r e 1 1 a c o s t a t a. Randies

has shown that each tessera is the product of a single epithe-

lial cell in Trochus, and the .same is evidently the case in

Incisura. The radular sac occupies the usual position.

Lying at first between the upper horns of the odontophoral

cartilages it maintains a mediau position to the posterior end

of the buccal bulb, and then curves to the right between the

I'ight oesophageal pouch and the pedal ganglia and soon ter-

minates in a swollen bilobed extremity lying on the right side

of the liEemocoele. The radular teeth are represented in fig.

20. Tlie centrals are squarish, with an expanded basal plate;

their anterior margins decurved, and furnished with five very

distinct and sharp-pointed denticulatious. The next three

teeth (medio-laterals) are oblong, with decurved denticulate

margins ; they decrease somewhat in size from within out-

wards. Tlie next tooth is much smaller, has a somewhat

sigmoid curvature, a thickened base, a narrow neck, and a

single recurved marginal denticulation. The next tooth is

very large, shaped somewhat like a rake with a crooked

handle, its expanded mai-gin decurved and bearing about a

dozen denticulations. Then follow the marginals or uncini,

which are numerous, curved, slender, with expanded and re-

curved denticulate margins. The radular formula may be

written :

00 1 (4 + 1 + 4) 1. 00

Vayssiere has given a good figure of the radula of Scis-

surella costata, which is similar to but differs in small

details from that of Incisura. The radula of the ScissurellidtB

is usually described as resembling that of Trochus, but it is

much more nearly like that of the Fissurellidse. A reference

to Thiele's figures in the concluding chapter of Troschel's

' Gebiss der Schnecken' shows that the radula of Incisura
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very closely resembles that of Subemarginula picta, the

shape and relative size of the outer medio-lateral tooth Vjeing

almost identical, as also the characters of the centrals and

uncini. The large and specialised outer lateral tooth, though

it differs widely in detail in different species, is chaiacteristic

of the Fissurellidas, A close resemblance also exists between

the radula of Incisura and that of Emarginula pileolus,

and a less clearly marked resemblance can be seen in the

radulae of various species of Fissurella. Ou the other hand,

no comparison with the radula of Pleurotomaria is possible.

A general view of the alimentary tract, as determined by

reconstruction from sections, is given in fig. 3, which so far

explains itself that little description is necessary. The oeso-

phagus is enormously dilated in the anterior part of its course,

forming in addition to the wide lateral diverticula or ossopha-

geal pouches (figs. 9 and 10, ce. f.) a spacious ventral pocket

or '' jabot." These are all lined by a soft-looking glandular

epithelium. Behind the level of the pedal ganglia the

posterior section of the oesophagus leaves the jabot as a

narrow tube with thick, longitudinally ridged walls formed by

a long ciliated columnar epithelium. It runs back below the

stomach and opens into the latter near its posterior end.

Near the oesophageal opening numerous liver caeca open into

the posterior end of the stomach. There is no spiral ctecum

connected with the entry of the liver-ducts as in Pleuroto-

maria, Haliotis, and Trochus, but there is a deep ciliated

ventral groove, the lips of which are bordered by specially

long ciliated columnar cells, extending along the floor of the

stomach from the oesophageal opening to the pylorus. A
precisely similar groove occurs in the stomach of Fissurella,

and has been well described and figured by Boutan (2).

Randies has shown that in Trochus a ctecal groove, bounded

by two conspicuous folds, extends into the spiral caecum from

the CBSophageal opening, and that the larger of the two bile-

ducts opens into this groove. Though the spiral caecum is

absent there can be little doubt that the ventral groove of the

Fissurellidae and Incisura corresponds in function to the caecal
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groove of the Trocliid^e, and it has the same relation to the

liver-ducts. It should be noted in this place that Incisura, in

the possession of numerous biliary apertures, resembles

Fissurella and differs from Trochus, which has two, and

Pleurotomaria, which has only one bile-duct. The intestine

leaves the stomach on the ventral side of the anterior third of

the stomach in Incisura. Beyond it the stomach narrows

rather abruptly, and is continued forward as a small caecal

diverticulum, the front end of which is inserted in the loop

formed by the left-hand bend of the rectum. The walls of

the blind end of this diverticulum are covered internally by a

thick chitinoid layer, and thrown into complicated folds and

ridges, but the cEecum is not spirally coiled, and situated as it

is at the end of the stomach furthest from the bile-ducts, it

cannot be homologised Avith the spiral caecum of Pleuroto-

maiua, Haliotis, or Trochus. It must, however, be the cgecum

referred to by Pelseneer (12). The walls of the intestinal end

of the stomach of Incisura have the columnar cells with

striated borders and thick cuticle so fully described by

Randies for Trochus.

The intestine is provided tln'oughout its length with a

single longitudinal ridge or typhlosole. On leaving the

stomach it makes a sharp bend fi'om left to right, passes

vertically upwards to above the level of the stomach, thence

turns sharply to the right, describes a wide loop on the right

hand, as shown in fig. 3, and bending sharply again to the

left, passes nearly straight across the body till it reaches the

left-hand corner of the pericardium, when it turns upward

and to the right in the mantle roof, and becoming rectum,

traverses the pericardium in its diagonal passage across the

roof of the mantle-cavity to end in the anus opposite the

mantle-slit.

The liver cseca, as may be seen in figs. 3 and 11, are few

in number, of relatively large size, with lai'ge lumiua bordered

by large secretory cells. As far as I could determine they

do not branch, but have somewhat convoluted courses, and

open independently into the oesophageal end of the stomach.
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A few details may be added relative to the structures

connected witli the buccal cavity and oesophagus.

In the mid-dorsal line the root" of tlie buccal cavity is

dee])ly folded to form a median ridge containing a narrow

lumen T-shaped in transverse section. This lumen of course

communicates freely below with the buccal cavity. This

median fold or ridge is dee[)e.st anteriorly over the mouth,

and extends backwards for about two thirds of the length

of the buccal bulb, gradually shallowing posteriorly till it

dies out altogether. The walls of this ridge are composed of

simple columnar cells, the internal ends of which iiave a

striated border, and bear short cilia. On either side of the

anterior part of this mid-dorsal ciliated groove is a somewhat

shallower but still conspicuous groove appearing on the

dorsal surface as a pair of folds lying close and parallel to

the median ridge. These may be called the salivary grooves,

for the small, simple, tubular buccal or anterior salivary

glands open into them near their anterior extremities (fig. 21,

sg. and s. d.). These anterior salivary glands are simple

short cieca lined by an epithelium, consisting mainly of large

finely granular secretory cells with a few columnar supporting

cells between them. The salivary grooves die out posteriorly

at the point where the oesophagus leaves the buccal cavity,

and at this level a second or posterior pair of salivary glands

opens into the roof of the buccal cavity, just to the outside

of the salivary grooves. These posterior salivary glands are

very small tubular structures with minute lateral diverticula.

They correspond in position to, but are much smaller than,

and not so much branched as the second pair of salivary

glands in Fissurella. Otherwise the struetures just described

are identical in the two genera. As soon as the oesophagus

is separated from the buccal cavity its right and left walls

are produced into the broad and flattened oesophageal pouches,

but from the first the right-hand pouch is considerably larger

than the left. The T-shaped lumen of the dorsal ciliated

groove may be traced for some way along the roof of the

oesophagus, but presently it dies out, and is replaced by a
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band of ciliated cells which diverges tovvai'ds the left, and

eventually passes completely over to the left side and passes

into the nai-row posterior part of the oesophagus. Ventrally,

to the right side of the narrow oesophageal tube, the floor of

the spacious anterior oesophageal cavity is produced into a

capacious pouch or "jabot/' which runs back for some

distance alongside of the narrow oesophageal tube (fig. 11, j),

and eventually ends blindly. Tlie deviation of the oesophagus

to the left and the preponderant size of the right oesophageal

pouch have been noted b}^ Boutan in Fissurella, and it is

indeed a cotntnon feature in the Rhipidoglossa, indicative, as

Amandrut has pointed out, of the larval torsion which brings

about the asymmetry of the adult Grastropod.

The nervous system.—Fig. 5 is a diagram of the prin-

cipal ganglia and nerve-trunks, as reconstructed from sections.

Pelseneer's description of this system in Scissurella costata

and Incisura ly ttel tonesi s is as follows :
" Dans les deux

especes, les cordons pedieux sout dans la masse musculaire

du pied, et s'etendent jusqu'a la partie posterieure. A leur

extremite tout a fait anterieure se trouvent des ganglions

pleui-aux bien distincts. La commissure viscerale na'it de ces

derniers ; elle est croisee et porte un ganglion supra-intes-

tinal presque accolle au ganglion branchial ou osphradial

gauche, comme dans Ti^ochus. Tout ce systeme nerveux

ressemble done beaucoup plus a celui de Trochus qu'aux

parties correspondantes conuues de Pleu rot om aria, telles

que les out decrites Bouvier et Fischer." Since this was wi'itten

we have had the more complete account of the anatomy of

Pleurotomaria by M. F. Woodward, and the difference between

the nervous system of this genus and that of the Scissurellid^e

is even more apparent than before.

As may be seen from the dingiam, the nervous system of

Incisura is at once typically Rhipidoglossate and specialised.

As the nervous systems of various Rhipidoglossa have been

described in great detail by sundry authors, it will only be

necessary here to mention the more important and peculiar

features.
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The cerebral commissure is long and situated far forward
in front oF the anterior pair of salivary glands. It is a true

nerve, not ensheathed by a layer of ganglion cells, differing

in this from Pleurotomaria. The cerebral ganglia are of large

size, sub-triangular in transverse section, and produced into

prominent lobes at the origins of the more important nerves.

The tentacular and optic nerves have separate origins from

the cerebral ganglia, Incisura agreeing in this point with

Trochus and Fissurella but differing from Pleurotomaria.

The labial lobe is very large, and forms a long, conical, taper-

ing, antero-ventral process of the cerebral ganglion, which

curves inward below the odontophore on either side, maintain-

ing its thickness for about two thirds of its course towards

the middle line. Then it tapers abruptly to form a thin labial

nerve, which passes between the muscles of the lower lip, and
as far as I can determine is connected by an extremely fine

prolongation with its fellow of the opposite side, thus com-
pleting the labial commissure. The buccal commissure is

given off from the labial lobe about half way between the

cerebral ganglion and the mid-ventral line. It passes inwards

among the muscles of the odontophore and at once turns

abruptly upwards to run between the extrinsic and intrinsic

muscles to the top of the buccal bulb. Here it enlarges to

form a ganglion of considerable size, lying close to the inside

of the cerebral ganglion, and from this a stout nerve—a true

nerve without a sheath of ganglion cells—passes inwards and
backwards over the top of the odontophore and enlarges below

the origin of the oesophagus into a small ganglion, which is

connected by a very short commissure with its closely adjacent

fellow of the opposite side. Bouvier (3) has figured and
described two swellings at the ends of each of the elongated

buccal ganglia of Turbo setosus, but I infer from his descrip-

tion that the}' are not separate ganglia, but merely swellings at

the ends of a long and ill-defined ganglion. I find precisely

the same arrangement in Fissurella grteca, but Boutan

figures four clearly defined ganglia in F. reticulata. The
sub-division of this elongated ganglion into two distinct
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ganglia isan indication of specialisation and apeculiarfeature in

lucisura. For the rest the characters of the cerebral ganglia,

the size of their labial lobes, and the relations of the buccal

ganglia are very similar in Turbo, Fissurella, and Incisura.

The cerebro-pleural connective, as is commonly the case, is

larger than the cerebro-pedal ; both are true nerves, devoid of

any sheath or local accumulations of ganglion cells. The
pleural ganglia are distinct and that of the right side is

relatively large, but both are fused to the dorsal surfaces of

the pedal ganglia. The visceral commissure is typically

streptoneurous, and for the same reason that the osphradial

ganglia are situated far forward, the whole commissure is con-

tracted antero-postei'iorly as in Patella ; on the other hand, it

is considerably extended right and left. The sub-intestinal

ganglion is distinct, but elongated and rather ill-defined ; as

Pelseneer remarks it is connected by a very short nerve with

the large left osphradial ganglion. The left symmetrical

pallial nerve passes straight out from the left pleural ganglion

almost immediately below the supra-intestinal ganglion,

and traverses the posterior fibres of the left columellar

muscle, turning neai'ly vertically downwards to enter the

thickened border of the mantle. Before turning downwards

it gives off a very fine branch, which makes connection with

the short nerve uniting the supra-intestinal with the osphradial

ganglion, thus establishing a left-hand dialyneury very

similar to that of Trochus.

The subintestinal nerve is very stout, and crosses over the

dorsal surface of the hinder part of the pedal ganglia almost

at right angles to the long axis of the body. The sub-intes-

tinal ganglion is fairly large and distinctly indicated by an

accumulation of nerve-ganglion cells. It is triangular in

shape, and from its right-hand lower corner the visceral nerve,

and from its right-hand upper corner the osphradial nerve is

given off. The latter is a very slender nerve, which passes

into the substance of the columellar muscle, and turns verti-

cally downward and then forward along the dependent edge

of the mantle, running in this part of its course at the base
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ot the g-ill-filiiments, which, as has been exphiined above, run

back along this region of the mantle. At the anterior edge

of the colmnellar muscle the nerve expands to form the large

right osphradial ganglion. The right symmetrical pallial

nerve takes its origin from the ventral side of the right

pleural ganglion, just where the latter becomes fused to the

pedal gjinglion. It runs outward, traverses the columellar

muscle some way in front of the osphradial nerve, and takes

a direct course to the right osphradial ganglion, which it

crosses dorsally, and in so doing enlarges and makes an

intimate connection with it. Just in front of the osphradial

ganglion the ])allial nerve divides into two branches. The

posterior branch, which is slender, runs back along the

thickened border of the posterior part of the mantle. The

anterior branch runs forward to the mantle-slit, where it

expands to form a small ganglion, indicated by a distinct

accumulation of nerve-ganglion cells, and is here joined by a

slender nerve from the anterior end of tlie osphradial ganglion.

This little iranjjlion at the hinder border of the mantle-

slit gives otf an external branch supplying the posterior sense-

papilla of the mantle-slit, and a stout anterior branch which

passes round the mantle-slit and is continued forward as the

peripheral pallial nerve, meeting and uniting with its fellow

of the opposite side on the anterior border of the mantle.

There is thus a very intimate dialyneury on the right side.

These relations are veiy hard to make out, and require careful

study with high powers of the microscope, but I can vouch for

the correctness of the account here given of them. The rela-

tions in Fissurella are somewhat similar, but the proportions of

the lengths of the nerves differ greatly, and apparently differ

in different species, for in my sections of F. graeca the sub-

intestinal is close to the right osphradial ganglion, whereas

in F. reticulata Boutan figures them as far apart and con-

nected by a long slender nerve, as in Incisura. The origin

of the right symmetrical pallial nerve from the upper surface

of the pedal ganglion rather than from the right pleural

ganglion is identical in Incisura and Fissurella.
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The visceral loop bears three distinct accumulations of

ganglion cells^ forming as many ganglia. The i-ight ganglion

lies close below the gonaduct and gives off a slender nerve to

that organ. The pedal ganglia, as may be seen in fig. 5, are

very much concentrated. Anteriorly they are rather flat, but

in about the middle of their length they increase considei'ably

in thickness, this increase being due to the addition of a

considerable ventral thickening to each ganglion. In this

region, in fact, each pedal ganglion consists of a dorsal and a

ventral moiety, as is the case in all Rhipidoglossa (fig, 0).

Here also the whole of the pedal ganglia lies in the haemocoele,

as is the case with the more elongated pedal cords of Fissurella.

But in Incisura the dorsal moieties of the pedal ganglia have

very little posterior extension. The ventral moieties, on the

other hand, extend back behind the dorsal inoieties, and,

narrowing in diameter, plunge into the muscular substance of

the foot (tig. 10). There they are continued backwards for a

short distance, giving off nerves from their outer edges, and

diminishing rapidly in diameter, partly because of fibrils

given off to the different nerves, but also largely because of

the thinning out and eventual disappearance of their coating

of nerve ganglion cells. Posteriorly the cords become simple

nerves, and end some distance in front of the posterior end of

the foot. Pelseneer states of Scissurella costata and

Incisura lytteltonensis: "Dans les deux especes, les

cordons pedieux sont dans la masse nmsculaire du pied, et

s'eLendent jusqu'a la partie posterieure." This is certainly

not the case in Incisura; the left pedal cord, or rather nerve,

dies out at a distance of 125 /n from the posterior end of

the foot in two specimens in which I calculated its extent, and

temembering that the animal is only 1 mm. long this is a

considerable distance. In short, one can hardly speak of

pedal cords. The pedal centres, particularly the dorsal

portions of them, have become concentrated into two clearly

defined pedal ganglia, and it is only the ventral portions that

are continued backwards to represent in some measure the

elongated pedal centres of other Rhipidoglossa. In addition



28 GILBERT C. BOURNE.

to the thick anterior commissure connecting the dorsal

portions of the ganglia, there is a single anterior thin com-

missure connecting the ventral portions, but this is the only

trace of the usually numerous cross commissures of other

lowly organised Gastropoda. Such a concentration of the

pedal centres is very unusual if not unique among Aspido-

branchia, and indicates that Incisura, and, if one may judge

from the similar relations indicated in Pelseneer's figures of

S. costata, the Scissurellidae in general are highly specialised.

Much has been written about the significance of the dorsal

and ventral moieties of the pedal cords of archaic Gastropods.

The French authors hold that the upper moiety is pleural, or,

as they say, pallial, the lower moiety pedal in character.

Pelseneer and most English and German authors hold that

both moieties represent pedal centres. The facts in Incisura

seem to uphold the latter view. I have no wish to i-e-enter

upon a controversy which has become almost wearisome by

repetition, but may state that in Incisura the cerebro-pedal

connectives certainly join the dorsal moieties of the ganglia;

that the epipodial nerves are certainly given off from the

dorsal moieties, and that whereas the left symmetrical pallial

nerve is undoubtedly given off from the left pleural ganglion,

the right symmetrical pallial nerve certainly appears to be

given off from the dorsal moiety of the right pedal ganglion

and not from the right pleural, both in Incisura and Fissurella.

Advocates of the French view will take this last fact as

evidence in support of their theory. The nervous system of

Incisura certainly bears no resemblance to that of Pleuro-

tomaria. On the whole it most nearly resembles that of the

Fissurellidte, in which family the pedal cords, though still

elongate and ganglionic, and provided with several cross-

commissures, have undergone a considerable reduction in

length as with those of other Rhipidoglossa.

Thesense organs.—The eyes, as already stated, are closed

and provided Avith a distinct lens. Their structure resembles

that of the eyes of the Fissurellidte, and differs from the eyes

of the Pleurotomariidfe and Trochidas, which are open.
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The otocysts occupy the usual position on the dorsal surfaces

of the pedal ganglia and present no unusual features (fig. 9),

The osphradia are strips of modified epithelium running for

some little distance along the lower side of the gill-axes in

front of theosphradial ganglia and just ventral to the osphra-

dial or branchial nerve (fig. 16). They are very similar in

structure and position to the osphradia ofFissurellagrseca.

Sense-papillffi occur not only on the cephalic tentacles but

also on the epipodial tentacles^ all round the margins of the

mantle and on the cirrhi bordering the mantle-slit. Those on

the cephalic tentacles are by far the largest, those on the

margins of the mantle are very minute, but all have essenti-

ally the same structure. Fig. 28 represents a longitudinal

section through three of the papillae of the cephalic tentacles.

Each papilla is a conical projection of the integument of the

tentacle and is composed of a number of elongated cells of

two kinds, closely packed together like the cells in a taste-

bud from the human tongue. The larger cells with larger,

pale nuclei are evidently supporting cells, their characters

being similar to the adjoining epithelial cells. The more

slender, finely granular cells with smaller, deeply staining

nuclei are the sense-cells, and each ends in a short stiff

cilium projecting from a small cup-shaped depression at the

end of the cone. According to Vayssiere these cilia are in

constant movement in the living animal. The tentacles of

Fissurella are clothed with a vast number of minute papillas

giving a velvety texture to the surface. These papillae,

though not so highly specialised, have each a single apical

sense-bulb, the structure of which is similar to that of the

sense-papillte of Incisura.

Finally, mention may be made of the pedal glands. The
anterior pedal gland consists of a mass of unicellular glands

lying in the h^mocoele below the buccal bulb (fig. 7, p. gl.).

It extends back nearly as far as the pedal ganglia. Ante-

riorly these glands become more deeply seated and pass into

the muscular mass of the foot, where they debouch into a

median ciliated duct (fig. 6) which runs forward and opens
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on the anterior face of the foot in the groove between it and

the lower surface of the snout. The posterior pedal glands

are a mass of unicellular glands lying above the epithelial

cells of the sole of the whole posterior surface of the foot.

Each unicellular gland has its own duct, which runs between

the epitlielisd cells to open on the surface.

The genera Scissurella, Schizoti-ochus, Incisura and Schis-

inope, which have been grouped as a separate family Scissu-

rellidee by some few authors, are generally placed in the family

Pleurotomariidse because they are zygobranchiate Eliipido-

glossse, with a labral incision of variable length and position

in the shell. There is no frontal veil between the cephalic

tentacles, an epipodial ridge is present, and there is a

corneous multispiral operculum. Fischer (5) writes: " Quel-

qiies auteurs distinguent deux families, Scissiirellidge et

Pleurotomariidae, mais les differences qui existent entre ces

deux types n'ont pas plus d'importance que celles qu'on con-

state entre les divers groupes de Trochidic. Je les considere

comme des sous-families." Pelseneer (13), who had studied

their anatomy, retains these forms in the family Pleuroto-

mariidae. Yet it is obvious, from what precedes, that the

Scissureliidie cannot possibly be retained in this position.

The diiferences in the radula alone are sufficient to distinguish

the two types. But in addition to this the Scissurellidae

differ from the PleurotomariidjB in a number of characters,

which may be summarised as follows :

(1) The Scissurellidas have two columellar muscles; Pleuro-

tomaria has only one.

(2) The eyes of Scissurellidas are closed; thoso of Pleuro-

tomaria are open.

{:5) The subocular tentacles of the Scissurellidae are absent

in Pleurotomaria.

(4) The epipodium of Pleurotomaria is destitute of tentacles,

cirrhi, or lappets.

(5) The wide distance apart of the ctenidia, the large size

of the pericardial cavity, the forward position of the ventricle

of the heart, and the more distinct shifting of the organs of
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the pallial complex into a median position in the roof of the

mantle-cavity are all points in which the ScissurellidfB differ

from Pleui-otomaria.

(6) In Pleurotomaria the right kidney lias a distinct duct,

with thickened glandular walls in the female ; in the Scis-

surellidfB there is no such duct.

(7) There is no spiral cascum to the stomach in the Scis-

surellidse, and the form of the stomach differs largely from

that of Pleurotomaria.

(8) The hepatic orifices are numerous in Scissurellidge,

whereas there is only a single orifice in Pleurotomaria.

(9) The nervous system of the Scissurellidse differs in detail

in almost every point from that of Pleurotomaria, particularly

in the concentration of the cerebral ganglia; the extreme fine-

ness of the labial commissure; the presence of distinct pleural

ganglia; the well- developed symmetrical pallial nerves estab-

lishing a right and left dialyneury; the presence of distinct

supra- and sub-intestinal ganglia; the shortness of the visceral

loop; the concentration and abbreviation of the pedal centres.

Not only are the Scissui'ellidas distinct from the Pleuro-

tomariidae, but they are clearly less closely related to them
than the Haliotidse or even than the Trochidje and Turbonidae,

for the last-named families, though they have lost the labral

incision in the shell, as also the right ctenidium and the

structures correlated to it, have retained many anatomical

features which find their counterpart in Pleurotomaria.

Where, then, shall we find the nearest relatives of the

Scissurellidae ? Though Mr. Hedley was clearly in error in

removing lucisura from the Scissurellidge, 1 think he came
very near the truth iu suggesting the affinity of this genus
with the Fissurellidao. His comparison of the adult Incisura

with the post-larval stage of Fissurella is a just one. Almost
all the differential external features which serve to distino-uish

the adults disappear on comparison of the adult of the one

type with the post-larval stage of the other. In the young-

Fissurella we see a coiled shell Avitli spiral sculpture, a labral

incision of considerable length to the right of the middle line.
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There is a pair of ciliated post-ocular tentacles on either side

of the head (I find vestiges of these structures in the adult of

F. gra^ca), a well-developed pair of ciliated epipodial ten-

tacles in the vicinity of the opercular lobe, and a corneous

raultispiral operculum. Even the gills, if one may judge from

Boutan's figure (PI. xlii, fig. 8), have a close resemblance to

those of a Scissurellid. If the animal were sexually mature one

would not hesitate to place it among the Scissurellidae, In the

next or Kiinuliform stage the epipodial tentacles are multi-

plied ; Boutan figures six in addition to the sub-ocular tentacles

in F. reticulata and two in F. gibba. The labral incision

has been converted into a foramen by the approximation of its

edo-es at the labrum, but a suture still connects the foramen

with the margin of the shell. This condition is exactly paral-

leled by the vScissurellid genus Schismope. Subsequent de-

velopment leads to the assumption of Fissurellid characters.

The visceral spire, and with it the spiral coils of the shell, become

obsolete. The foramen in shell and mantle become situated

at the summit of the Patelliform shell, the post-ocular and

epipodial tentacles (which obviously belong to the same

series) degenerate, the operculum is cast off, and the oper-

cular lobe disappears. In short, the Fissurellid develops

alono- lines which remove it further and further from the

Scissurellid condition of the larva.

But, as must be apparent from the preceding pages, there

is a considerable number of anatomical features in which the

adult Scissurellid more nearly resembles the adult Fissurellid

than any other family of the Ehipidoglossa. These features

may be shortly recapitulated, Incisura being taken as a type

of Scissurellid structure.

The jaws of Incisura in position and structure very closely

resemble those of a Fissurella. The radula of Incisura

lytteltonensis finds its nearest counterpart in the radula

of Subemarginula picta, and in general is distinctly

Fissurellid in character. In the alimentary tract the characters

of the salivary glands and oesophageal pouches, the absence

of a spiral caecum in the stomach, the presence of an oeso-
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phageo-intestinal groove in the capacious stomach, the

existence of numerous hepatic ducts, are all points in which

lucisura agrees with Fissurella, and differs, to a greater or

less degree, from the Pleurotomariidee, Haliotidae, Trochidge,

and Turbonid^. The presence of a right and left columellar

muscle in the Scissurellidee is evidently an antecedent stage

of the horse-shoe shaped columellar muscle of the Fissurellidae.

The eyes, which are open in Pleurotomariidee, Haliotid89,

and Trochidge, are closed in both the Scissurellidae and the

Fissurellidge.

The subocular and posterior epipodial tentacles of the

Scissurellidse are paralleled by the similar larval organs in

the Fissurellidse.

In both the Scissurellid^ and Fissurellid^ the increased

size of the last whorl of the shell and the diminution of the

visceral spire has led to a broadening of the dorsal part of

the body, in consequence of which the bases of the ctenidia

are widely separated on the right and left sides of the body,

the pericardium is transversely elongated, and the heart and

kidneys are shifted towards the mid-dorsal line in the roof

of the mantle-cavity. In these respects Incisura is inter-

mediate between Fissurella and the other families of Rhipido-

glossa enumerated above.

The nervous system of Incisura, though much specialised,

shows more resemblance to that of the Fissurellidas than to

that of any other Rhipidoglossa, as has been explained in

detail in the descriptive part of this paper. The corre-

spondence in the labial commissure, the buccal ganglia, and
the visceral commissure is very exact. The pedal centres of

the Scissurellidee have undergone great concentration, but

this is foreshadowed in the pedal cords of the Fissurellidae,

which are much shortened in comparison with the elongated

scalariform pedal centres of such families as the Pleuroto-

mariidge, Haliotidge, and Trochidge.

There can be little doubt, then, as to the affinity of the

Scissurellidas with the Fissurellidae, but the exact relationship

of the two families remains to be considered. In my opinion
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it is not exact to say, as Hedley has, that Incisura represents

an arrested stage of developtnent of a Fissurellid. It is a

more reasonable inference from the facts that the two

families have descended from a common stock, and have

diverged in different directions. There are several arguments

in favour of this inference. One which in my opinion has

great weight is derived from the condition of the left kidney

in the two families. In the Scissurellidae, as I have shown,

the left kidney is relatively of large size, and is a true

" papillary sac,^' phagocytic in function like the left kidney

of the Pleurotomariidee, Haliotida), and Trochidae. In the

Fissurellidas this organ is reduced to a mere rudiment, and

may, I believe, disappear altogether in some species, for I

have failed to find a trace of it in transverse and horizontal

sections of F. gra3ca.

Remy Perrier (14) has stated that the epithelium of the

left kidney of Fissurella is identical with that of the right

kidney, but there is some doubt about this, and a renewed

investigation of the left kidney of several species of the

Fissurellidae is much to be desired. But there is no doubt

that it is a vestigial organ, and that in this respect the

Fissurellidae have been specialised along a different line to

the Scissurellidae, which have retained the left kidney in a

fully functional state. Per contra, while the Fissurellidae

retain to a large extent the primitive scalariform character of

the pedal centres, the Scissurellidae have in this respect sur-

passed them in specialisation, for their pedal centres are

concentrated to a degree elsewhere unknown among the

Rhipidoglossa. The divergence of the two types is obvious,

and one may conclude that both have been derived from a

stock very nearly represented by the so-called Emarginuliform

larva of Fissurella, which had a spirally coiled shell with a

large umbilicus, spiral sculpture and a considerable labral

incision. A corneous multi-spiral operculum and a well-

developed epipodial ridge bearing sub-ocular as well as

posterior epipodial tentacles were present. The left kidney

was a well-developed papillary sac, and the pedal centres were
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elongate and scalariform. Such an ancestral form would not

be far removed from a Pleurotomariaj but would differ from

it in the development of a double columellar muscle and in

the tendency to acquire a secondary symmetry always

correlated with the doubling of this muscle. The Scissurellidse

have retained most of the features of this parent form, but

have undergone considerable specialisation iu the nervous

system. The Fissurellid branch must early have acquired a

" sessile " habit, and have been much modified in connection

with it, but its members have lai-gely retained the primitive

condition of the pedal centres. The Scissurellidge, though for

the most part constant to the primitive type, are also under-

going modification in the same direction as the Fissurellidae.

In Incisura the visceral spire is reduced, the shell is becom-

ing thick and solid, the spiral sculpture is absent, the margins

of the aperture are in one plane, the foot is becoming short

and broad, and its whole organisation is indicative of a semi-

sessile habit. Further specialisation along these lines would

give it Fissurelliform or rather Emarginuliform characters.

It is interesting to note that another member of the family,

Schismope, while retaining- its spiral coil and widely open

umbilicus, has undergone specialisation in another direction,

for the labral slit has been converted into a foramen by the

approximation of its edges, so that although distant from the

margin it is connected with it by a suture. In this respect

it closely resembles Semperia, a sub-genus of Emarginula.

Semperia leads on to Rimula, and as we have seen there are

Emarginuliform and Rimuliform stages in the development of

Fissurella. This is an undoubted example of the develop-

mental stages of one form resembling the adult stages of

other forms, a phenomenon the occurrence of which some
persons are inclined to deny nowadays, though the evidence

in favour of it is very large.

The pai-allel stages of evolution among the Scissurellidse

and Fissurellidee afford interesting examples of the pheno-

menon of convergence, and illustrate a principle which, I think,

has not been sufficiently attended to in drawing inferences as to
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the affinities of animals from morphological evidence, namely,

that a similar environment and similar habits of life reacting

on a similar organisation may often produce very similar struc-

tural results. Not, however, identical, for however similar the

results may appear at first sight in all cases of convergence

a close analysis will always disclose differences which exclude

the idea of direct descent of the animals in question. This

instance is particularly instructive ; the Haliotidae, Scissu-

rellidae and Fissurellidae have all inherited the same structure

from a presumably Pleurotomariid ancestor, viz. the slit in

the mantle and the corresponding labral incision in the shell.

It has been variously modified, and similar modifications are

displayed independently by different groups, the similarity of

the evolutionary series being, as far as one can judge,

correlated with the adoption of similar habits.

Addendum.

It is long since I first read the short but profound essay

of Sir Ray Lankester (9)
'^ On the Use of the term Homology

in Modern Zoology, and the Distinction between Homogenetic

and Homoplastic Agreements." On referring again to this

essay, I find that the conclusions arrived at in the foregoing

paragraph, as also similar conclusions arrived at after a

detailed study of various members of the Neritidge (1), are

unconsciously expressed in nearly the same words that he

used forty years ago. I have to beg Sir Ray Lankester's

pardon for not making specific reference to his essay in my
former paper. But I find a certain satisfaction in not having

had the form of his argument clearly in my mind while I was

working to the same conclusion from evidence gathered from

the study of the probable lines of descent of animals belong-

ing to a different class to that which he used to illustrate his

original thesis. Had I consciously set out to prove, or even

to disprove, his contention, I could not have avoided a certain

amount of bias. To have arrived unconsciously—or sub-

consciously, for the idea of homoplasy inculcated by him was
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always present to my mind—at an identical conclusion is to

give unequivocal support to the validity of the arguments by

which it was sustained. In the essay in question Lankester

showed that the term homology, which really belonged to

the platonic school of the natural philosophers of the end of

the eighteenth and the beginning of the nineteenth century,

acquired a new connotation after the publication of the 'Origin

of Species.' But this new connotation was indefinite. On
the one hand structures were said to be homologous which

''are genetically related, in so far as they have a single

representative in a conmion ancestor.^' For this kind of

homology Lankester proposed to substitute the term " homo-

geny." On the other hand, various organs were described as

homologous which could not possibly be included under the

idea of homogeny, because, over and above general resem-

blances such as might be referred to inheritance from a

common ancestor, they exhibited a number of detailed

resemblances such as could not possibly be supposed to have

been represented, in like detail, in a generalised ancestral

form. Therefore, Lankester pointed out, there must be a

second quantity covered by the term homology, and he

described it in the following words: "When identical or

nearly similar forces or environments act on two or more

parts of an organism which are exactly or nearly alike, the

resulting modifications of the various parts will be exactly or

nearly alike. Further, if, instead of similar parts in the same

organism, we suppose the same forces to act on parts in two

organisms, which parts are exactly or nearly alike and some-

times homogenetic, the resulting correspondences called forth

in the several parts of the two organisms will be nearly or

exactly alike. ... I propose to call this kind of agree-

ment homoplasis or homoplasy. . . . What exactly

is to be ascribed to homogeny and what to homoplasy in the

relations of a series of structures is a matter for careful con-

sideration." Somewhat further on in the essay homoplasy is

defined as " depending on a common action of evoking causes

or moulding environment on homogenous (= homogenetic)
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parts, or on parts which for other reasons offer a likeness of

material to begin with."

The term " homoplasy " has passed into current use, and

the principle expressed by it has been freely used to explain

numerous large and general resemblances which have obviously

been evolved independently, such as the general resemblances

between different kinds of patelliform gastropod shells, e.g.

between Patella, Fissurella, Septaria, Capulus, and

Siphonaria, or the general resemblances of external mor-

phology of fishes and cetacea. But the term homogeny

has not been so generally accepted, and many, if not most,

zoologists have preferred to retain the old word homology,

and in so doing it is clear that many of them have failed to

distinguish between the two quantities contained within the

single term, of which the differences were so clearly pointed

out in Lankester's essay. For it must be evident to anybody

who is well acquainted with the morphological literature of

the last thirty years that, so far from attempting to distinguish

between homogenetic and homoplastic resemblances, a large

number of authors have shown a vast amount of ingenuity in

referring the most minute resemblances in the organs of

animals, which are certainly not very closely related to one

another, to homology. The most extreme instances of this

tendency to ascribe every resemblance, however detailed, to

inheritance, ignoring the possibility that similar structural

changes may be induced by the incidence of similar forces,

are to be found in the works of those authors who attempt to

derive the lower members of one phylum of the animal

kingdom from highly differentiated members of another

phylum.

It is, of course, true that several of the most thoughtful

and best informed among contemporary zoologists have been

fully aware of the error lurking in the indiscriminate use of

the term " homology," notably Gegeubauer and Fiirbringer in

Germany ; Cope, W. B. Scott, E. B. Wilson, and Osborn in

America. It is not my present intention to enter upon along

discussion of this subject, which I hope to return to on a future
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occasion. But I take the opportunity of dealing with an
interesting and suggestive essay by Osborn (10), in which

Gegenbauer^s admirable analysis of the different forms of

resemblances obtaining among animal structures is largely

quoted.

In the first place Osborn makes it evident that I, in common
with others, have fallen into an error in using the term " con-

vergence " to denote the parallel stages of evolution among
the Fissurellidge and Scissurellidse. In the common meaning

of the word, convergence might appropriately be used to

signify that apparent approximation of structural character-

istics which not infrequently leads to two forms being classified

together in the absence of sufficiently complete information as

to their internal anatomy. But it has acquired a special

meaning, defined by Osborn as the '^ independent similar

development of unrelated animals, bringing them apparently

closer together.^' As it has been the purpose of my paper to

show that the families of Molluscs treated of are related, and

closely related, the term convergence is not applicable to

resemblances recurring in those families. But when I come

to consider whether other resemblances between various

mollusea should be described as due to " parallelism^' or

" homoplasy " I find myself in a difficulty. Parallelism is

defined as the " independent similar development of related

animals, plants, or organs" ; horaoplasy as the '' independent

similar development of homologous organs or regions giving

rise to new parts." It is added that homoplasy always

involves homology, while parallelism and .convergence may
or may not involve homology.

In Incisura the reduction of the visceral spine, the oblitera-

tion of spiral sculpture, the levelling of the margins of

the aperture, the alteration in the shape of the foot ai-e

changes pai-allel to those observed in the ontogeny of a

Fissurellid, and they involve homogenetic organs; the

parallelism in this case involves homology and should be

called homoplasy. In Schismope the conversion of the labral

slit into a foramen is a change parallel to that observed in the
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ontogeny of a Fissurellid and it involves a homogenetic

character, therefore it also is due to liomoplasy. On the

same reasoning the resemblances in the shell, foot, and mantle

of more distantly related forms, the Patellidas, Septaria, the

Capulidae, and Siphonariidae are homoplastic. But should the

pallial branchise of a Patella and the gill of a Siphonaria, be

attributed to parallelism or homoplasy ? They are certainly

not genetically derived from the typical moUuscan ctenidium,

and to this extent are deficient in the element of homology

which Osborn says should always be associated with homology.

On the other hand they are vascular outgrowths of the mantle,

which is assuredly a homogenetic structui-e in all the forms in

question, and therefore there is an element, though a more

remote element, of homology. In this case it is siujply a

question of the importance attached to the degree of homo-

logy whether these structm-es should be ascribed to parallel

or homoplastic development. But Lankester's term, homo-

plasy, as originally defined, covers all the cases. It appears

to me thatj while there is a contrast between homoplasy and

convergence, there is no such contrast between homoplasy

and parallelism, and that for the sake of clarity the last term

should be abandoned, homoplasy being retained in the sense

originally defined by Lankester. It has the priority over

Fiirbringer's term homomorphy, which, as Osborn points

out, has the same connotation ; and it has the advantage of

indicating a resemblance due to the moulding influence of

environment, whereas homomorphy only calls attention to

similarity of form.

In the latter half of his essay Osborn raises a most interest-

ing question, which has presented itself with various degrees

of insistence to workers in various groups of the animal

kingdom. Drawing his evidence from palaeontological as

well as recent types, he points out that the accessory cusps in

the molar teeth of Mammalia arise in the same order and with

the same relations to the primary cusps in groups which can

be proved to have diverged widely from one another before

any complication of the tooth pattern arose. Here^ then, are
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examples of detailed resemblances which cannot be due to

inheritance nor yet can they be due to external forces acting

upon homogenetic parts, for the teeth are formed below the

gum and the cusps are in place before any mechanical forces

are brought to bear on them. The characters of the teeth

are clearly congenital, and the resemblances between the

patterns which have arisen independently in different groups

cannot be accounted for by the preservation of fortuitous

variations by natural selection, for paleeontological evidence

shows that variation has in each case proceeded along one

line and not along several lines, one of which has been

selected.

Calliug to mind Lankester's suggestion of the "common
action of evoking causes ... on parts which for other

reasons (than homogeny) offer a likeness of material to begin

with," Osborn pleads for the recognition of a latent or

potential homology, by which term I understand him to mean
a tendency or capacity to produce a definite structure, which

capacity must have been present in the ancestors of the

existing orders of Mammalia, but has only manifested itself in

such groups as possessed or were subject to the co-operating

factors necessary for evoking the latent capacity, and thus

producing the structure in question.

The objections to a principle of this kind are that, in the

first place, as Osboim himself admits, it leads us on the

dangerous ground of teleological speculation ; and, in the

second place, that it might, if loosely applied, be used to

explain anything or everything by a phi-ase.

Nevertheless, I think that some such principle may be

admitted, with due caution, in explanation of a large number
of difficulties which present themselves, with increasing

insistence, to every class of zoological workers. In a i-ecent

paper on the Neritid^ I alluded to the great difficulty of

finding a satisfactory theory to account for the distribution of

the fresh-water Neritids, described as species of the sub-

genera Paranerita and Septaria, in remote oceanic islands.

As their general anatomical and conchological characters
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differ in a very small degree from those of the marine species

of the genus Nerita, abounding in the seas in which the

oceanic islands inhabited by the fresh-water Neritids are

placed, it did not seem an unwarrantable assumption that in

each locality the marine species had ascended from estuaries

into rivers (just as prawns do in so many parts of the tropics),

and had been similarly modified as a result of the fresh-water

environment. But when I found that the accessory genera-

tive organs of the fresh-water species from different localities

were always alike, and differed in the same direction and to

the same degree from the accessoi'y generative organs of the

marine species from the same localities, particularly in the

fact that the female gonaducts of the freshwater species are

always triaulic, whereas those of the marine species are diaulic,

I was no longer able to sustain the opinion that I had first

formed as to the possibility of the independent but similar

modification of the marine species in different parts of the

world. It seemed to me impossible that the triaulic condition

should have been evolved several times over. The problem,

however, is of the same kind as, though of less magnitude

than, that presented by the cusps of mammalian molar teeth.

If we can conceive the presence in the germ-plasm of Neritidae

of factors competent to produce the triaulic condition of the

genital ducts, but that the activity of these factors is only

excited by the co-operating action of other factors—in this

case by reduction of the salinity of the water—the detailed

resemblances between structures existing in animals living

so far apart but under similar conditions are susceptible of

explanation.

A few years ago such an explanation would have been

inadmissible. But since Mendelian experiments have shown

that definite changes affecting parts of the organism in a

similar manner may require the co-operation of two or more

factors, and cannot be produced unless those factors are

brought together ; and since such experiments as those of

Stockard on Fuudulus have shown that a relatively slight

change in the salts dissolved in water may induce profound
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clianges in certain organs of developing embryos, it is no

longer possible to reject such suppositions as fanciful and

incredible.

Those Avho have given unprejudiced consideration to the

objections raised against the all-sufficiency of natural selec-

tion, must have felt that a term is wanting somewhere in the

current forms of argument used to explain resemblances

between structures which are only doubtfully homogenetic.

The missing term may possibly be found when we have a

more exact knowledge of the kinds of factors whose co-opera-

tion is necessary to produce specific structure. Some of these

factors must be germinal, but evidence is accumulating that

germinal factors are not simple but compound, and may be

split into subordinate factors which, taken alone, do not pro-

duce the specific result. There is further evidence that

germinal factors react differently to different external factors,

and if this be so many kinds of resemblances and differences

may be accounted for by laws of interaction of which we are

as yet only dimly aware.

The evidence on these matters is insufficient to enable us to

arrive at definite conclusions, but it is at any rate sufficient

to earn respect for a suggestion supported by such a large

number of positive facts as that of Osborn.

I believe that in the future morphologists, in conjunction

with systematists, will be largely occupied in attempting to

discriminate between the different kinds of resemblances

among animal structures, between similarities due to the

" commoii action of evoking action or moulding environment,^'

and similarities due to direct descent, and I venture to think

that such morphological studies, carried out with sci'upulous

attention to detail, are not useless, but will give precision to,

and perhaps modify our views on, the causation of modifica-

tion of animal structure.
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EXPLANATION OF PLATES 1—5,

Illustrating Mr. Gilbert C. Bourne's paper "On the Anatomy
and Systematic Position of Incisura (Scissurella)

lytteltonensis.^'

Lettering for all the Figures.

An. Anus, a.y.f. Anterior gill-filaments, cm. I. Left auricle, au.r.

Right axiricle. B. Buccal ganglia, h. b. buccal bulb. b. c. Buccal

cavity, br. n. Branchial nerve, b. sJc. Branchial skeleton, b. v. Blood-

vessel. C. Cerebral ganglia, car. buccal cartilage, c. c. cerebral com-
missure, cil. Cilia, ctl. c. Ciliated canal of dorsal ridge of gill-filament.

ci'Z.Z. Lateral ciliated cells, c.pd. Cerebro-pedal connective, c. jjL Cerebro-

pleural connective, di. I. Left dialyneuroiis connection, d. g. r. Dorsal

glandular ridge of gill-filament, e. Eye. ep. Epipodium. ep. n. Epipodial

nerve, ep. f. Epipodial tentacle. -F. Foot. /. c. Frontal cilia. ^.Ganglion

behind mantle-slit. (/./.Gill-filaments. ^.??. Genital nerve, hij.g.l. Left

hypobranchial gland, hy. g. r. Right hypobranchial gland, i. Intestine.

i. V. Vertical loop of intestine, j. Jabot, jw. Jaws. 1c. I. Left kidney.

h. r. Right kidney. I. b. Left branchial ganglion, lb. I. Labial lobe.

I. c. Labial commissure. I. c. m. Left columellar muscle. I. ct. Left

ctenidium. li. Liver. li. d. Liver-ducts. I. ce. p. Left oesophageal

pouch. It. Lateral tooth of I'adula. m. Mouth, m. c. Mantle-cavity.

md. t. Medio-lateral teeth of radula. m. f. Median dorsal fold of buccal

cavity. m. s. Mantle-slit. mt. Mantle. 7i. Nucleus. od. Oviduct.

od. o. Opening of oviduct into right kidney, ce. (Esophagus, os.

Osphradium. ot. Otocysts. ov. Ovary. P. Pedal ganglia, pa. Pallial

nerve, pc. Pei-icardium. p.g-f- Posterior gill-filaments. 2^. gl. Pedal

gland, plig. Phagocytic cells of left kidney, pi. I. Left pleural ganglion.

pi. r. Right pleural ganglion, p. n. Pedal nerves, j). v. Pallial blood-

vessels. B. Rectum, r. b. Right branchial ganglion, r. c. m. Right
columellar muscle, r. ct. Right ctenidium. rd. Radula sac. r. ce. p.

Right oesophageal pouch, rp. d. Reno-pericardial duct. sb. i. Sub-

intestinal ganglion, sg.^ Anterior salivary glands. sg.^ Posterior

salivary glands, sn. Snout, s. o. t. Sub-ocular tentacle, sp. i. Supra-

intestinal ganglion, sp. I. Left symmetrical paUial nerve, sp. n. Supra-

intestinal nei"ve. sp. r. Right symmetrical pallial nerve, st. Stomach.
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' sy. p. Sensory i>apillai. T. Cephalic tentacle, tn. Tentacular nerve.

un. Uncini. V. Ventricle of heart, v. aff. Afferent branchial vessel.

17. eff. Efferent branchial vessel, v. y. I. Left visceral ganglion, v. g. r.

Right visceral ganglion, v. n. Visceral nei-ve.

[All the figures are of Incisura lytteltonensis.]

Fig. 1.—A specimen viewed from the left side and below to show the

size and shape of the foot, the operculum, the epipodial tentacles, etc.

X about 40.

Fig. 2.—Dorsal view of a female specimen which has been stained and

mounted as a transparent object. X 80.

Fig. 3.—A reconstruction of the alimentai-y tract ; semi-diagrammatic.

X 80.

Fig. 4.—A diagram showing the relations of the right and left kidneys,

the heart, pericardium, ovary and oviduct. The extent of the pericardial

cavity is indicated by a tiiick black line. X 80.

Fig. 5.—The nervous system as determined by reconstioictions from

sections, x 80.

Fig. 6.— cj . A transverse section through the postenor part of the

head, including both eyes. X 135.

Fig. 7.—^ . A transverse section taken just behind the mantle-slit,

showing the bi-pectinate character of the right ctenidium. X 135.

Fig. 8.— (^. A transverse section through the anterior ends of the

pedal ganglia. X 135.

Fig. 9.— ? . A transverse section through the hinder ends of the

pedal ganglia. Note the position of the left kidney, h. I., and its open-

ing into the mantle-cavity ; the size and extent of the right and left

cesophageal pouches, r.ce.p. and Lee. p.; the size and position of the

i-ight and left jileural ganglia, pi. r. and pi. I., and the supra-intestinal

ganglion, sj). i. ; the pedal ganglia, P., are clearly seen to be composed

of a dorsal and a ventral moiety, x 135.

Fig. 10.— ? . A transverse section passing through the posterior end

of the mantle-cavity, showing the large size of the left auricle, au.l.;

the orifice of the left kidney, k. r. o. ; the pedal nei'ves, p. ».. which ai-e

the posterior continuations of the ventral moieties of the pedal gangha

shown in fig. 9. X 135.

Fig. 11.— $ . A transverse section passing tlu-ough the posterior

end of the foot. Note that the large pedal nerves shown in the previous

figure do not extend into the hind part of the foot. X 135.

Fig 12.— $ . A transverse section taken near the terminal pail of
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the visceral spire, showing the opening of the oviduct, od., into the

hinder end of the ovary, ov. x 135.

Fig. 13.— (^. A section through the left kidney showing the reno-

pericardial duct, rjJ. d. Note the band of ciliated cells, cil.. on the floor

of the mantle-cavity opposite the opening of the left kidney, x 225.

Fig. 14.— ? . A jjortion of a section through the left kidney showing
the rounded phagocytic cells, phg., which have taken uj) solid rod-

shaped bodies from the subjacent blood-vessel, b. v. x 1000.

Fig. 15.—Strij)ed muscle-fibres attaching the anterior end of the

buccal bulb to the integument, x 1 000.

Fig. 16.—A transverse section through the anterior filaments of the

left ctenidium. Note the osphradium, os., lying under the branchial

nerve, b.n. x 535.

Fig. 17.—A transverse section somewhat posterior to that drawn in

fig. 16, passing through the posterior filaments of the left ctenidium.

In this and the previous figure note, d. g. r., the dorsal glandular ridges

of the gill-filaments. X 535.

Fig. 18.—A transverse section through two gill-filaments of the right

ctenidium ; cil. c, the ciliated canal traversing the dorsal glandular

ridges of the filaments. X 1000.

Fig. 19.—The left ctenidium stained and viewed from above as a
transparent object. X 225.

Fig. 20.—A portion of the radula. x 800.

Fig. 21.—Part of a transverse section passing through the anterior

end of the buccal bulb to show, m.f., the median dorsal fold of the

buccal cavity and, s. g}, the anterior salivary glands and their ducts.

X 535.

Figs. 22-26.—A series of transverse sections through the right-hand

posterior corner of the mantle-cavity showing the relations of the ovi-

duct and the right reno-pericardial duct to the right kidney and the

pericardium, x 225. (These figures are drawn as seen reversed under
the microscope.)

Fig. 27.—A cephalic tentacle showing the two multiple rows of

sensory papillse. X 225.

Fig. 28.—A longitudinal section through three sens&ry papillae of a

cephalic tentacle. n\ pale nucleus of a supporting cell; n", deeply

stained nucleus of a sense-cell ; cil., cilia borne at the ends of the sense-

cells. X 1000.
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The Eye of Pecten.

By

^1^. J. Dakin, M.Sc,
Demonstrator and Assistant Lecturer in Zoology, University

of Belfast.

With Plates 6 and 7, and 2 Text-figs.

The first reference to the eyes of Pecten that I have been

able to find is that of Poll in 1795. Since that date more

than a score of investigators have studied these small organs

and treated in more or less greater detail the histology.

Bach has made new discoveries, which have in very many

cases been refuted by their immediate successors, to such an

extent, in fact, that it was almost impossible to determine

from the literature on the subject the truth in regard to cer-

tain parts. One of the last and most reliable papers was that

of Hesse, published in 1900 (34). He pointed out that some

points were still unsolved (though adding one or two dis-

coveries himself), and that the success of the methylene-blue

method, if attained, would possibly elucidate all.

In 1904 a paper appeared by Miss Hyde (39), embodying

the results of a successful employment (according to the

author) of the methylene-blue methods for nerve-endings in

the retina, but these results were certainly not those expected

by Hesse nor probably by other authors, for they stand in

striking opposition to the views previously held. Whilst

working at a memoir on Pecten in 1907, I came to the con-

clusion that this, the latest investigation of the Pecten eye,

differed greatly from the preceding ones, and that only one

VOL. 55, PART 1. NEW SERIES. 4
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more confusing series of results had been added to the already

existing multiplicity.

I determined therefore to make a complete study of the

histology of the eye. The privilege of occupying the British

Association Table at Naples enabled me to carry out this

investigation on a species previously examined by most

writers on the eye—Pec ten jacobaeus—and this was com-

pleted by a considerable stay at the Port Erin Biological

Station. The results have been the discovery of several new

points, the confirmation and refutation of many discoveries of

different workers, and I hope the complete elucidation of the

structure of the retina. It has been due to the frequency of

occurrence of artefacts and the difficult histological work

required for such complicated organs that the structure of

these eyes has remained so long a puzzle.

By the use, however, of numerous methods it has been

possible to eliminate to the greatest extent the artefacts, and

incidentally the trial of so many fixatives, etc., has enabled

me to obtain practically all the appearances seen and figured

by the various investigators.

The account of the structure will be given at some length,

since a comparison of the various views is necessary, and,

with the exception of Hickson's and Patten's papers very

little has appeared in English. I am indebted to the British

Association for permission to use their table at the Zoological

Station of Naples, and also to the staff of that well-known

institution. My thanks are also due to Professor Herdman

and to the Curator of the Port Erin Biological Station for the

trouble taken in supplying me with material and apparatus

for carrying out detailed work at the latter place, and to Pro-

fessor Drew, of Maine, for specimens of P. tenuicostatus.

History.

Only the history of the references to the Pecten eye before

and including the fundamental paper of Hensen will be given

in this section, since the other works will be discussed more



THE EYE OP PECTEN. 51

fully when describing the structures involved, and it will

avoid repetition if they be omitted here. In 1795 Poli, in his

large Avork on the Mollusca (1), gave figures illustrating the

general anatomy of Pecten, in which the eyes are depicted,

and also a view of the mantle-edge showing more clearly the

tentacles and eyes, but no details of structure are given what-

ever except the external pigmented ring bounding the cornea

and the pigment stripe on the tentacles.

He recognised a likeness to the human eye, and as usual

applied some of the names given to parts of the latter, a

feature followed by his successors, who naturally recognised

at once the resemblance to the vertebrate eye, which is such

a striking character of the eyes of Pecten, These orgaus

were mentioned, though left practically undescribed by suc-

ceeding naturalists. Cuvier refers to them as "globules
verdatres," and Lamarck as " tubercules oculif ormes."
The next description is to be found in Robert Grant's

'Comparative Anatomy' (2), where reference is made to the

''smooth cornea," the "iridescent choroidea," and a "small

crystalline lens," Another English writer, Robert Garner (3),

1837, continued the work. He states that Pecten, Spondylus,

andOstrea (probably Pecten jacobseus, Ostrea jacobseus

of Poli) possess " small, brilliant, emerald-like ocelli, which,

from their structure, having each a minute nerve, a pupil, a

pigmentum, a striated body, and a lens, and from their situa-

tion at the edge of the mantle, where alone such organs could

be useful, and also placed, as in Gasteropoda, with the

tentacles, must be organs of vision." There are no figures

illustratinghis short account. Almost simultaneously Krohn (5)

and Grube (4) published descriptions of the eye. Grube des-

cribed the position and number of the eyes in P. jacoba3us,

P. varius, and P. opercularis. Krohn gave a much more

detailed account. He stated that the eye was a closed

spherical vesicle containing two transparent bodies separated

by a septum (he was therefore the first observer to see this

structure). The hinder of these bodies he described as being

of fibrous texture. Krohn was the first investigator to notice
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that the nerve in the eye-stalk divided into two branches,

one of which ran up to the optic vesicle, where he lost it,

whilst the other passed up the side and entered the vesicle,

lying- on the septum.

Will (6) noticed the cellular structure of the lens, and

Keferstein (12) recognised the retina in the hinder trans-

parent body of Krohn. This brings us to Hensen's paper (13)

published in 1865, which is the first account of the histology

of the retina. Hensen divided this part of the eye into five

layers

:

1. First cell layer.

2. Second cell layer.

3. Rods.

4. Tapetum.

5. Pigment layer.

The cells of the first layer, which may be arranged in a

single or double row, are spindle-shaped. The second layer

is made up of cylindrical cells (the rod-cells), the third layer

is that of the rods, and then follow two others—the tapetum

(first demonstrated by Krohn), and the pigment layer.

The innervation is described as follows : The proximal

branch of the optic nerve does not bore through the optic

vesicle below, as Keferstein had assumed, but splits into a

number of small branches which enclose the lower part of the

optic vesicle, and these branches of the nerve form a plexus

in the peripheral region of the retina. Apparently Hensen

assumed that they were connected, with his second cell-layer

(the rod-cells)
—" Der Zellenauslaufer geht so continuirlich in

den Nerven iiber, dass man nicbt sagen kann, wo der eine

anfangt und der andere aufhort."

The other nerve-branch penetrates the septum, and the

fibres become connected to the cells of the first layer.

Hensen, it will be seen, discovered the different groups of

cells in the retina, described the nerve innervation correctly

(though since he did not recognise two types of cells in the

outer layer and in the rod-cell layer, this was probably more

accidental than otherwise), and saw the axial fibre in the
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rods—truly a marked advance in the knowledge of the eye-

structure.

Technique.

This investigation of the eye has been carried out by the

study of sections (paraffin and paraffin-celloidin), by macera-

tion pi'eparatious and by the teasing of fixed material.

It is impossible to over-estimate the value of macei-ations in

conjunction with section work, and the true shape of many
cells could not have been determined without this method.

For both fixation and maceration it was found that diiferent

reagents were necessary according to the cells to be studied.

In the retina alone the various elements reacted very differently

to fixatives and macerating fluids, and it was surprising to

notice how different the preservation of the different cells

might be after treatment with the same fixative.

The fixatives giving the best general fixation of all parts

were Zenker's fluid and Carnoy's mixture. Zenker was used

as follows : Fixation lasted for about twelve to twenty-four

hours, and was followed by washing first with water and then

in alcohol of gradually rising strength. Sections were made
after paraffin embedding, the usual thickness being that of

the rod-cells, namely 6 n, but others were only 2 fx, and some

were 10 fx thick. The stains used after Zenker were Mallory

(connective-tissue stain), iron hematoxylin (Heidenhain), a

modified Weigert, and picric acid—saurefuchsin.

Mallory's connective-tissue stain. — The sections,

on slides, were stained in an aqueous solution of saurefuchsin,

0*05 per cent., for ten minutes, then rinsed quickly in water

and placed in 1 per cent, solution of phosphormolybdic acid

for three to five minutes. After washing in several changes

of water for five to ten minutes the sections were stained in

the following solution for eight to fifteen minutes :

Aqueous aniline blue (Griibler) . . 0*5 gr.

Orange G. ..... . 2*0 gr.

Oxalic acid ...... 2*0 gr.

Water 100*0 c.c.
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This was followed by a rapid washing out in water, dehydra-

tion in 90 per cent, alcohol to absolute, and mounting after

xylol or origanum oil in balsam.

Iron haematoxyliu.—The sections were mordanted for

twenty-four hours in a 4 per cent, solution of iron alum

washed in water, and stained in a 0"o per cent, to 1 per cent,

solution (aqueous) of haematoxyliu for twelve to twenty-four

hours. This was followed by differentiation under microscopic

observation with 2 per cent, iron alum solution. Tap-water,

alcohol dehydration, etc., as usual.

The modified Weigert method was only used after

Zenker fixation. It was partly like that used by Schreiner

(30), but modified in combination with Zenker.

Schreiner used a 10 per cent, alcoholic solution of haetna-

toxylin (P. Mayer says that the " 10 per cent. " must be a

mispriut).

I used a 5 per cent, solution, but did not investigate the

effects of a stronger nor of a 1 per cent, solution, which Mayer

believes to be the one intended by Schreiner.

The sections (on slides) were placed in a 3 per cent, solution

of potassium bichromate for twenty-four hours, then rinsed

in water and alcohol, and placed in a 5 per cent, solution of

haematoxyliu (alcoholic) for a time varying from ten minutes

to an hour. The sections must be black, and this takes place

much quicker after the haematoxylin solution has been used

once or twice and is oxidised by contamination with bichro-

mate. After staining, the sections were rinsed in water and

placed in a saturated aqueous solution of copper acetate,

which turns them a steel-blue colour. Differentiation was

carried out (under microscopic observation) in the following

solution :

Borax 2*0 gr.

Pot. ferricyanide . . . . . 2*5 gr.

Distilled water lOO'O c.c.

The sections wei'e then washed in tap water and mounted

in the usual way, after alcohols and xylol, in Canada-balsam.

Picric acid—saurefuchsin (van Gieson).—The sections
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were stained in Delafield's liaematoxylin and washed well in

tap water. This was followed by staining for five minutes in

a mixture of

—

1 per cent, solution (aqueous) saurefuchsin . 5*0

Saturated solution of picric acid in water . lOO'O

The stained sections were washed in tap-water and taken

up to balsam as usual.

Carnoy^s fixative was used in the following strength :

Chloroform ...... 10*0

Acetic acid ...... oO'O

Absolute alcohol ..... 60*0

This is the best fixative for the retina. Iron hsematoxylin

and Bethe's toluidin blue were the stains used on material

so fixed.

Bouin's fluid ('Lee/ edit, vi., p. 76) gave excellent results

for rod-cells and rods, especially when followed by Mallory's

stain. The axial fibre of the rods was stained better by the

saurefuchsin in this method than by any other except the

modified Weigert. Zenker's fluid, Mann's fluid/ and a mix-

ture of equal parts of corrosive sublimate satui-ated aqueous

solution, and Hermann's platinum-osmic fluid were useful for

the lens, especially the latter.

Other fixatives used were 4 per cent, formol, corrosive

sublimate (aqueous solution and solution in salt water),

Mayer's pici-onitric mixture ('Lee and Mayer,' ed. vi, p. 68),

Flemming, Von Ratli's picro-platinum-osmic mixture, and

treatment with pyroligneous acid. The latter did not give

particularly good results. There were also special fixing and

other processes connected with the following methods—Grolgi's

silver process (Cajal's modification), Bielschowsky-Paton silver

method for neurofibrillse (41), Apathy's nachvergoldung and

hgematein IA methods, Nabias' gold method. Lists' eosin

method, and methylene blue processes. The latter were

failures, though injection methods, staining in aqueous solu-

tions, solutions in Pecten serum, and dusting powder over the

eye were all tried. The results given by the other and more

1 Mann, ' Physiological Histology,' p. 96 (solution d).
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ordinary methods were more complete than by the complicated

ones, and there was usually a far greater freedom from

artefacts. There remains finally the maceration methods to

be referred to. The lens-cells, with all their peculiar

pi'ocesses, were easily isolated after immersion of the eyes

directly in a 3 per cent, solution of chloral hydrate in sea-

water for about four hours. The same solution was used for

the retinal cells, and the eyes were placed, as above, directly

into this medium. After two hours the retina was dissected

out from the eye, placed in a drop of water on a slide, and a

cover-glass supported by wax feet placed above it. Gentle

tapping on the cover-glass separated the elements. Chromic

acid solutions in sea-water of -g^^- per cent, strength gave very

good results for macerations of the rod-cells and rods.

This was also used as advised by Patten after fixation of

the eyes in |- per cent, chromic acid for five minutes.

The maceration preparations were examined unstained, and

stained with picro-carmine.

The chief species examined have been Pecten maximus
and P. jacobseus, with the following others: Pecten oper-

cularis, P. varius, P. tigrinus, and P. tenuicostatus.

Position and Number of Eyes.

The eyes of Pecten occur on the mantle-edges of both

valves. The mantle-edge can be said to be divisible into

three folds, the periostracal fold, the ophthalmic fold, and

the velum (PI. 7, fig. 2, F.). All three possess tentacles,

those situated on the first two being long and mobile sensory

structures, well provided with sense-cells for the perception

of tactile and olfactory stimuli, whilst those on the velum

are short and rather immobile.

The eyes are situated on the median fold, between the

periostracal groove and the base of the velum (PI. 7, fig. 2,

Eye), and amongst the long tentacles. Poli in 1795 noticed

a certain resemblance of the eye-stalks to the tentacles, and

considered them as modifications of the latter.

The number of eyes present varies considerably for the
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different species^ and there is, furtliei", considerable variation

among the individual members of any species.

Carriere (21) stated that those species with large eyes

possessed fewer than those with small eyes; that there were

always more on the upper mantle-lobe than on the lower; aud

that in geueral, large specimens had more eyes than smaller

ones of the same species.

This latter sentence was an important assertion, since it

implied growth and development of new eyes during life, and

certainly it appeared supported by the fact that large and

small eyes exist side by side.

Patten (22) also pointed out that there were more eyes

present on the left valve than on the right, and that they

were larger, but he disagreed with Carriere, stating that ii o

new eyes develop after a size of 2 centimetres has been

attained. Rawitz (25) found similarly more eyes on the left

mantle-lobe than on the I'ight, and agreed with Patten on

the development. Schreiner (30) agrees also with reference

to the number of eyes on the two mantle-lobes, but states

that those of the right are not smaller than those of the

left (Patten). Had Schreiner examined P. jacobasus, the

chief species investigated by Patten, he would not have

made this assertion. The eyes are always more numerous

on the left mantle-lobe than on the right, as all observers

have found. The exact relations, however, vary in different

species. The eyes are situated in three groups, on each

mantle-fold, one group on the anterior auricular area (two

to seven eyes close together), another on the posterior

auricular area, close up against the hinge-line, and the third

and largest group along the ventral margin of the mantle.

Spaces without eyes separate these three regions. In each

series the eyes vary considerably in size. Patten (22) asserted,

in fact, that a regular arrangement of small and large eyes

existed, and Rawitz (25), though denying the existence of

Patten's arrangement, stated that a large eye was always

followed by a small one. I have examined all the species

referred to by Patten and Rawitz and find no such arrange-
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ment. There is a quite irregular series, and a small eye may
be followed by another small one or by two large ones, or a

group of large eyes may exist together. The eyes on the

left mantle-lobe exceed in number those on the right, in

particular in species with the most inequivalve shells (as far

as the species I have examined are concerned), that is, in

V. maxim us and P. jacobteus, and this difference in

numbers is greatest in P. jacobaeus.

The eyes iii this species are far less numerous on the right

lobe, and are also very much smaller (PI. 7, fig. 2) (contra

Schreiner).

I believe, however, that the greater number of eyes on

the left mantle-lobe is due primarily to the fact that this

valve is always uppermost, and not to its shape ; and if a

Pecten is turned over on to the left valve, it very soon rights

itself by a peculiar turning movement. Patten (22) connected

this numerical superiority of eyes on the left valve with its

position but was puzzled to see how this could be an advan-

tage to the animal, since the eyes on the lower mantle-fold

received the light direct from above, and the eyes on the

upper one were apparently directed downwards.

Schreiner (30) also figures them as lying pointed to the

ground and at an angle of 45° to the valve. If a Pecten be

watched as it opens the valves, it will be seen that the

eyes of the left mantle-lobe project just outside the shell,

and their field of view is practically as much above the

animal as that of the eyes in the right valve. The upper

valve is also a little shorter than the lower one, and lies inside

it when the shell is closed: the mantle lininor the lower valve

is retracted accordingly to a greater extent when the shell

is closing. The valves of the almost equivalve species meet,

however, ventrally, and the conditions appear either more
favourable to the eyes of the right mantle-lobe than in P.
jacobaeus, or else, as will be referred to again, this form is

an older and more specialised one, and the eyes have begun
to degenerate in the lower valve. Some figures are appended
which will give an idea of the number of eyes in the three
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groups on the mantle-edge of P. opercularis and also of

the individual variation in this species (the specimens were

from the Irish Sea).
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only difference was in the number of cells present ; they were

apparently as large as usual but fewer in number. These

eyes, in fact, appeared to be young ones, or rather, they had
been arrested in development and had remained with the

small number of component cells characteristic of young eyes,

though they were just as old as the large ones.

In examining hundreds of eyes one meets some strange

abnormalities, though the latter are of rather rare occurrence.

In a specimen of P. opercularis two eyes were fused

together so that the pupil was oval with a slight constriction

indicating the boundary of the separate organs. Often the

eyes appeared with very little black pigment—that is, all the

eyes of a specimen, even the " iris " cells being almost un-

pigmented.

I never found any of the eyes completely covered with

pigment as stated by Patten, nor has this feature been met

with by any of his successors.

General Structure of Eye-Stalk.

The eyes are situated at the ends of short stalks (PI. 6,

fig. 1), which, as already pointed out, Avere considered by

Poli as modified tentacles. This eye-stalk is made up of

connective tissue, which is a direct continuation of that of the

mantle-edge and is clothed by an epithelial layer, also a direct

continuation of the pallial epithelium.

The connective tissue is more homogeneous or hyaline in

appearance than that of the tentacles, and is not broken up

so much by crossing muscle-fibres, which, as might be ex-

pected, are a prominent feature of the retractile tentacles.

This homogeneous tissue extends also below the eye-stalk for

some distance, and the transverse muscle-fibres Avhich raise

the velum are absent under the eyes, being arranged in

bundles situated between these sense-organs. Large blood-

spaces occur irregularly scattered in the stalk, communicating

with one another and usually containing blood-corpuscles

(PI. 6, fig. 1, Lac). There is, however, scarcely such a
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defined space as a " Hauptader des Augenstieles" to which

these lacunas belong (Rawitz [25], p. 105). Neither do they

always surround the nerve (Schreiner, p. 11).

Whilst the long sensory tentacles are, in the living animal,

continually in motion, being reti'acted and again extended,

and moved from side to side, the eyes are practically motion-

less and point fixedly in one direction only. They contract

and may move away from a point of stimulation, this being

rendered possible by means of muscle-fibres, which lie longi-

tudinally arranged, near the epithelium (PI. 6, fig. 1, Mus.).

The latter are narrow fibres, and are not striated, as figured

by Patten. Striated muscles do occur, though elsewhere, in

the mantle-edge of Pecten (45). The muscles occur on all

sides of the eye-stalk. They terminate, according to Rawitz,

always at the proximal end of the optic vesicle and are never

to be found higher ([25], p. 105). Rawitz has presumably

taken the finer muscle-fibres, which do extend up to the

cornea, for connective-tissue fibres. Schreiner found prac-

tically no muscles in small eyes ([30], p. 11), and states that in

P. islandicus, where they were exceptionally well developed

on the shell side, thev could be traced to the entrance of the

distal branch of the optic nerve. I have traced them to this

point in P. maximus, but more delicate fibrils (PI. 6, fig. 1,

M.f.), staining quite differently from connective-tissue fibres,

extend under the epithelium as far as the edge of the cornea,

and are, moreover, present between the cornea and the lens

(PI. 6, fig. 1, N.Lf.; PL 7, fig. 7, Lf.). These are evidently

the " fine smooth fibres " mentioned by Patten in contra-

distinction to his "long striated muscle-cells " of the lower

part of the eye-stalk. These fibrils do not, however, enter

into any connection with the epithelial cells bounding the

cornea, and Patten's "ciliaris " does not exist. They will be

referred to again when discussing the fibres situated between

the lens and cornea.

Ganglion cells do not occur scattered in the connective

tissue of the eye-stalk, a fact already noted by Patten's

successors, who criticised his observations on this, as on other
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details, somewhat severely. The epithelium covering the

eye-stalk is a direct continuation of the pallial epithelium,

but is modified in various regions of the eye-stalk and

becomes a transparent cornea over the free pole. Below the

optic vesicle the cells are small and cubical, or rather deepei*

than wide (PI. 6, fig. 1). They contain no pigment here,

and the nucleus is situated near the base. A distinct cuticle

is present. Some little distance below the optic vesicle these

cells increase in depth and at the same time begin to contain

pigment. This pigment extends further down that side of

the eye which is uppermost (see fig. 1, PI. 6 ; the right-hand

side is the shell side of the eye and also the uppermost, since

it is an eye from the left valve). At the level of the middle

of the optic vesicle, that is, about the plane of the septum,

the epithelial cells have attained their greatest depth and are

almost filled with dark pigment, occurring in the form of fine

granules. The external portion of the cells is usually less

thickly crowded, and if the sections are stained to bring out

the nuclei it will be seen that these have moved, with the

acquisition of pigment, so that they reside near the surface

instead of at the basal end. The statements of Rawitz and

Schreiner in regard to the colour of this pigment in the

different species appear to me to be of little importance, and

in any case I can hardly confirm them. The colour of the

o-ranules in Pecten iacobteus, P. maximus, and P.

opercularis is dark brown, and the exact shade varies in

any one species and according to fixation and preservation;

moreover, the cells are completely filled in P. jacobaeus, or

at least those of the upper side of the eye-stalk.

Another point that may be noted here is that the increase

in height of the epithelial cells opposite the optic vesicle is

common to all the species I have examined, though Rawitz

states that in P. jacobasus the epithelium is everywhere the

same in height and figures it as such ([25], p. 106). Pecten

abyssorum possesses (Schreiner) no pigment in the cells of

the mantle-edge or of the eye-stalk. Patten appears to be

the only one who has noticed that there is more pigment
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present on the upper side of the eye-stalk, and there is really

a longitudinal baud present, exactly similar (though not so

definite) to the one on the corresponding side of the tentacles.

The pigmented area bounding the cornea was termed the

"iris" by Patten. Since, however, as described above, these

pigmented cells extend far down the eye-stalk on both sides,

it is difficult to make any division into regions or to define a

boundary. If, moreover, the physiological action of the iris

were considered solely to be that of a diaphragm, keeping

out oblique rays, the name might perhaps be applied, but, as

Rawitz pointed out, there is no proof whatever of this area

being capable of contraction with diminution of the "pupil,"

and since this region is not to be homologised with the

vertebrate structure of the same name it is better to use the

term pigment-mantle (PL 6, fig. 1, P. man.) if a special

one is necessary. Patten considered that the "pupil" could

be diminished to almost half its previous diameter (p. 571),

but I have been unable to find any trace of this under natural

conditions, nor do any other authors appear to have been

more fortunate. The same writer states that on the shell

side even in fully formed eyes the pigment may sometimes be

absent so that a colourless fissure is left—termed by him the

"choroid fissure "
(p. 578). I have not seen this in any eye

examined, and fail to find any references confirming the

statement of its existence.

The pigmented epithelial cells pass suddenly into the

transparent cells of the cornea (PI. 6, fig. 1, Co.), through

which is seen in the living specimen the silvery glance of the

subretinal structures. In P. maximus the depth of the tall

epithelial cells may decrease slightly in one or two cells, and

then the next is much lower and completely free from

pigment. Sometimes, however, the decrease in height takes

place after the pigment becomes absent.

The nuclei take up again a central position or a position

nearer the base in the corneal cells, but there are certain

exceptions which will be considered later. The cells are

hexagonal in surface view and are much flatter than those of
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the pigment-mantle. 'i'liey are usually constricted in the

middle, so that they appear hour-glass-shaped in section, an

intercellular space being left between them (PI. 7, figs. 4 and

10). Externally there is a very distinct striated cuticle

(PI. 7, fig. 10, Cut.) which forms a hexagonal plate over the

cell, and if the cornea is carefully focussed down upon from

above these hexagonal plates are seen with their edges in

close contact forming a definite mosaic (PI. 7, fig. 3). If the

corneal cells ai'e now brought into focus at about the level

of the nucleus, they appear still hexagonal in section though

rather irregular, and the cell-walls do not touch. The spaces

left between the cells on each side are crossed by numerous

intercellular bridges (PI. 7, fig. 4). I have no doubt

that these are what Patten took to be interlocking processes

of the cells. Carriere (26) was the first to discover their true

nature, but asserted that Patten could not have seen them at

all, since they were finer than his interlocking processes.

Schreiner (30) stated that the intercellular spaces were filled

with a pi'ominent cement substance which, through shrinkage

dui'ing fixation, caused the appearance seen by Patten, and

does not mention any intercellular bx'idges whatever. Rawitz

was also of the same opinion and does not refer to Carriere's

statement (Rawitz [25], p. 109). I have seen them quite

distinctly in the pigmented cells of the pigment-mantle as

well as in the cornea, and they have the same structure in

both places. There is another detail to be mentioned here

which illustrates the difficulties caused by artefacts. Patten

stated that the corneal cells had basal processes like the

lateral ones, but which were longer and penetrated the

underlying connective tissue, reaching the lens. This has

been denied by all investigators since, and I had seen no

traces of any such structures in hundreds of sections examined.

After using the Bielschowsky-Paton silver method, however,

the result figured (PI. 7, fig. 10) was obtained. The tissues

were fixed in 4 per cent, formol and lay in 1 per cent, silver

nitrate solution for three weeks, which one might say was a

likely method for artefacts. On the other hand, the structures
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appeared well preserved and very little contraction had taken

place. The processes were very definite, and had I found

them by other confirming methods I should not have

hesitated to describe them as actual cell processes. I have

figured, however, the prepai-ation, and prefer to leave the

question of their true nature open. The type of cornea just

described is that of Pecten jacobseus, P. maximus, and

P. opercularis.

Rawitz ([25], p. 108) divides the types of cornea into three

classes : (1) Cells of cornea considerably smaller than those

of the pigment-mantle, ex. P. flexuosus, P. glaber, and

P. opercularis; (2) cells of cornea, smaller at periphery

against the pigment-mantle, but rapidly increase towards the

centre, where they equal the pigment-cells in height, ex.

P. jacobasus and P. varius; (3) corneal cells are as high

as cells of the pigment-mantle at periphery, but increase

rapidly in height towards the centre, the nucleus lying near

the base, ex. P. pusio. I hardly think it advisable to make
such a division, since, in the first place, the appearance often

varies with the size of the eye, and it is difficult to fix a

boundary between the two first groups. The corneal cells of

P. jacoba3us are, moreover, not equal in height to those of

the pigment-mantle, though they are much higher in com-

parison with the same cells in P. maximus. There is,

however, a well-marked division in which Pecten pusio

and also P. tigrinus can be placed. The latter is figured

(PI. 7, fig. 12). In this species the corneal cells are veiy

different from those of P. maximus. Those next to the

pigment-mantle are of similar size, or smaller than the

adjoining pigment-holding cells, but towards the centre

the cells increase in height very considerably until they are

deeper than the pigment-cells, the height of the corneal cells

being double that of the latter. The cell-boundaries are not

very distinct, and intercellular bridges are not to be seen.

I have been unable to make out any reason for the peculiar

difference in these two forms.

The connective tissue of the eye-stalk has already been

VOL. 55, PART 1.—NEW SEEIES. 5
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referred to ; it is continued around tlie optic vesicle (PI. 6,

fig. 1, Con.) forming the inner wall of this (the outer being

formed by the epithelium), and finally persists much diminished

in thickness as a thin, transparent, and practically structureless

layer undeilying the cornea and separating this from the lens

(PI. 6, fig. 1, (Jo. S.). This is the "pseudo-cornea " of Patten,

and the " iunere Pellucidaschicht" of liawitx. Nuclei are on

rare occasions to be seen in it, but generally it is free from

the connective-tissue fibi-ils and muscle-ribrilla3, which appear

in that part just outside the corneal area, under the pigment-

mantle (PI. 0, fig. 1, M.f.). This more hyaline character is

in all probability due to the fact that light rays have to pa^s

through this layer before entering the optic vesicle.

. The Lens.—The lens (PI. 0, fig. 1, L.) is one of the

structures that gave much trouble to the early investigators,

but has lately been considered, entirely understood, and

passed over somewhat lightly. Hesse made out some new

and highly interesting sti-uctures, which I have been able to

confirm. I find, however, that the shape of the lens-cells

has been quite misunderstood, and the cells are certainly of

a very peculiar nature.

The early authors could not determine the correct shape

of the lens itself. Keferstein believed it to be spherical

;

Hensen was uncertain, but believed it to be bi-convex ([13],

p. 222); Hickson considered it, however, as elliptical ([18],

p. 447).

The confusion was again due to artefacts. It may be taken

as definitely proved that the lens is bi-convex. 'i'he distal

surface is, however, almost flat, whilst the proximal is very

convex, and may appear dome-shaped. The actual degree

of convexity depends largely on the contraction which has

taken place in the eye during fixation, and the lens, dissected

free from its limiting elements in a living specimen, probably

alters in shape considerably, since it is not of very firm con-

sistency. The lens is suspended from the subcorneal connective

tissue (PI. 6, fig. 1, Co. 8.), against which its lesser convex

surface is fastened. In surface view this face is circular and



THE EYE OF PECTEN. 67

not elliptical. Its diameter is a little gi-eater than the cornea,

since its periphery extends under the pigment-mantle for

a short distance (PI. 6, fig. 1).

The space in which the lens is suspended is bounded by
the connective-tissue wall of the optic vesicle, the subcorneal

extension of the same, and by the septum (PL 6, fig. 1, Sep.),

a membrane separating the dioptric part of the eye from the

retina. This space was regarded by Patten as a blood-space.

Carriere (21) first saw the blood-corpuscles in this part of the

eye, and Patten, though also finding* them, was at a loss to

account for their presence, since the retina seemed to shut off

all communication with the blood-lacuna3 of the eye-stalk.

Rawitz appears to have found a definite vessel runnino- on the

outer surface of the optic vesicle and entering the distal part

of the eye ([25], p. 113). Schreiner considers these cor-

puscles due to pathological conditions, and remarks that

the three other authors named above considered them as

normal ([30], p. 17). This is not strictly correct, since Patten

stated that they might be forced into the cavity artificially

by the conti-action of the connective tissue throuo-h the

action of reagents.

I have only found blood-corpuscles present in this space

on extremely few occasions, and on one of these, when there

were many, I could trace quite easily a series of spaces in

the connective tissue, connecting up the lacunae of the eye-

stalk with the lens-cavity. This may of course have been an
abnormal condition, and the lacuna may have been produced
artificially. These corpuscles had been forced in on the

inner side of the eye, and I find no traces of Rawitz's blood-

vessel on the outer side.

The blood plays an important part in the extension of the

tentacles, and if a small living Pecten is watched under the-

microscope, the corpuscles can be traced running rapidlv

along the cavities of the tentacles as they are extended and
back in the revei'se direction as they contract. I believe

their presence in the eye is due to contraction, and that they
are forced there from the lacuniB of the eye-stalk.
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There is no membrane coverinfj^ the lens and helping' it to

retain its shape. Hensen and Hickson could not find such,

but Patten described a "suspensory ligament," and also

stated that the lens was attached to the septum by a con-

nective-tissue ligament (P. varius). None of Patten's

successors could find any suspending capsule, neither does

the connective-tissue ligament exist. The lens may touch the

septum (it very often appears so in sections), but this depends

on the contraction during fixation, and usually the retina

leaves the posterior wall of the optic vesicle and lies across

the middle, coming naturally against the proximal end of the

lens. Patten's connective tissue was in all probability the

sheath of the distal nerve-branch (Pi. G, fig. 1, Op. Ds-.),

which would be touching the lens and lying between this and

the septum if the retina had been forced up. Patten's

theories of accommodation as expressed at some length on

p. 571 I cannot confirm, and they are somewhat irrational.

They have not been referred to at all by his successors. He
believed that the contraction of certain muscles supposed to

be attached to the suspensory ligament would cause a move-

ment of the lens towards the retina. This meant an inward

movement of the septal membrane to which the lens (accord-

ing- to Patten) was attached. The elevation of the lens was

to be brought about " by the tendency of the elastic septal

membrane to return to its natural position, after the contrac-

tion of its peripheral circular fibres has relaxed the tension

upon the central portion."

There is, however, no suspensory ligament nor attached

muscles, and the lens is not attached to the septum. The

septum, moreover, cannot move forward without taking the

whole of the retina with it, and if this was the case (rather an

absurdity) the recipient elements would always be the same

distance behind the lens, whether it had been elevated or

otherwise. Accommodation will be referred to later when
discussins* Hesse's theorv.

The lens cells had received little attention until Hesse

described them (34). Hensen stated that the lens consisted
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of polygonal cells with thick walls. Patten described them
as irregular with excentric nuclei, which appear iu many-

cases to have disappeared from the cells near the inner sur-

face. Rawitz described them as polygonal and membraneless

with small nuclei, and Schreiuer terms them "pretty large"

vesicular cells, the peripheral ones flattened, with a large

nucleus and no cell-membrane. The latter writer noticed,

that in sections of the lens some cells appeared to be without

a nucleus (see PI. 6, fig. 1), but went no further into the

question.

Hesse says (34) the lens "besteht wie sclion lange bekannt,

aus zahlreiclien, dicht neben einander gepackten Zellen,

deren Korper sich an einander abplatten und bisweilen

eigenthumliche Formen auf den Durchschnitten zeigen."

Later he adds (p. 395) "... da man ferner aus einem

Durchschnitt auf die Gesammtgestalt der Zellen nicht

schliessen kann, so ist es nicht moglich liier einen Zusam-

nienhang zwischen Lage des Centralkorperchens und Gestalt

der Zelle festzustellen/' Hesse, however, did not adopt any

maceration methods to solve tlie difficulty presented by

sections. In sections through the lens, whicli is well pre-

served in formol-fixed specimens or Hermann-sublimate, tlie

cells only rarely possess a polyliedral shape, in fact it is

only here and there that they appear sharply angular. The

cell contours are very distinct and appear rounded, so that

there are irregular oval, pear-shaped and long band-shaped,

cells (PI. 7, figs. 5 and 6). The size, too, varies considerably,

and. a very small, apparently non-nucleated cell may adjoin

a large one. If, however, this small cell be followed, through

several sections, it will be found to be merely the continua-

tion of a cell which is elongated to an extraordinary degree.

The true shape of the cells was found after macerating the

eye in 2|-3 per cent, chloral hydrate solution in sea-water for

four to six hours. This medium preserves admirably the

delicate processes of the cells, and the preparation gives the

lens-cells, separated, uncontracted, and with all details of

structure undamaged.
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The cells vary considerably in sliape. Those near the

surface of the lens, ])articularly the proximal surface, are

flattened and are strap-shaped (PL 7, fig. 0, c), or are con-

stricted in the middle and have two bulging ends. The

length may be very considerable. The common appeaiance

is that depicted in fig. 5 (Fl. 7). The cells are pyriform, with

the cell-body drawn out into extraordinary long tapering pro-

cesses many times the length of the swollen part. In addition

to this, processes are often given off very abruptly from the

broad end. Other cells are more rectangular, yet also with

rounded contours and the same abrupt fine processes,

'i'hese extensions are wedged between adjacent cells (PI. 7,

fig. 5), which fit close together, and the result is a mass of

great compactness, whose components, though having the

most varied shape, fit together without intercellular spaces

being left between them.

It is often quite difficult to separate some of the cells in

macerations. It is now qnite obvious why there appears to

be no nucleus in many cells in sections, for it may be at one

end and the cell be so long that many sections may cut

through the latter without touching the nucleus.

The cells have a very distinct membrane, and it is difficult

to imagine how this could have been missed by Rawitz and

Schreiuer, especially after Carriere. had asserted its presence.

It is easier now to understand why there is no need of a lens-

capsule or supporting ligament, for the soft protoplasmic cells

are tied together by their processes and the superficial cells are

practically converted into fibres or straps. The contour of

the lens is, in fact, as even as if formed by a connective-tissue

sheath or a layer of pavement epithelial cells. The cell

contents are finely granular, with a slight trace of pigment,

and stain intensely Avith eosin. The nuclei are similar in

size to those of the epithelial cells, and since the lens-cells

are usually somewhat larger than the latter the nuclei can

hardly be termed pretty large (Schreiuer), though such

terms are purely arbitrary. Hesse (34) discovered in the

lens-cells of P. jacobajus, which had been fixed in sublimate
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and stained in Heidenhain's iron liaematoxylin, a remarkable

structure. In addition to the nucleus there was present a

dark staining body from which delicate but very distinct

fibrils radiated out to the periphery and became attached to

the cell-wall. Most of them were straight, some were bent,

hut all went out from the one point and all could be followed

to the cell membrane if their whole length lay in the section.

I have found the same structures (PI. 7, fig. G, h.), not only in

material fixed and stained as above but also after the

followino- treatment:

After fixation in Hermann-sublimate mixture and staining

in iron hfematoxylin, the shape of the cells is well preserved,

the contents are homogeneous or very finely granular and

stain grey, the nucleus is black, and radiating fibrillse appear

distinctly in many cells though not in all. After Zenker

fixation and Mallory's stain the cell contents are very granular

in appearance and stained deep red, the nuclei being yellow-

red, and there is just a slight trace of the fibrillae. They are

also to be made out, though not distinctly, after Bouin fixa-

tion. Von Rath's treatment caused the cell contents to

appear very granular and vesicular (PI. 7, fig. 6, d.) the radi^

ating fibrillse were often very distinct, but the central dark

staining body did not look exactly like the normal centrosome

of dividing cells.

This permanent centrosome (PI. 7, fig, 6, Cent.), if it be such,

does not appear to have any definite position, but since it

cannot be made out in macerations it is almost impossible to

determine its true position, for sections cut the cells in all

directions. In addition to the species enumerated by Hesse

I have found these structures in P. tenuicostatus, and

probably they are present in all species. Hesse naturally

compared these Avith the centrosome and astral rays which

appear in cells undergoing mitotic division. Such structures

have been demonstrated as persisting in the resting stages

of certain cells, in pigment-cells of fishes, and more particularly

in leucocytes. It has not been possible for Hesse or myself

to determine any connection Avith cell-division. The astral
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rays are very fine and I'emarkably definite. There are three

explanations of these structures that may be given. The first

and most unlikely is that they are artificial productions ; the

second, that they are modified astral rays and centrosome

kept permanently for another function ; the third, that they

are entirely different from those functioning in the cell divi-

sion, but have arisen iu a similar way and are purely supporting

fibrillae. The appearance of the structures and their presence

after such varied treatment is against the first view. It

would only be possible to demonstrate which of the latter

were correct if the origin of the aster had been observed.

I believe they are supporting fibi-illa? whatever be their mode
of origin, and this is Hesse's view, he considering they are

for the purpose of increasing the elasticity of the cells. This

is put forward in an interesting theory of accommodation,

and the fibrillae are considered to form the antagonistic appa-

ratus to another, to be referred to presently, which alters the

shape of the lens. Between the sub-corneal connective tissue

and the lens is a layer of peculiar fibres, first seen, though

incorrectly described, by Patten. He made out two layers,

a series of radiating fibres extending from the centre of the

distal surface of the lens to the periphery, superimposed on

a layer of strong circular fibres concentrically arranged (p.

581). As such do no fibres exist. Kawitz saw none here

Avhatever, and regarded Patten's structures as artefacts
( [25],

p. 113). Hesse discovered the true conditions, which I can

confirm with some slight additional features. There is one

layer of fibres only (PI. 7, fig. 8), and these have a kind of

spiral arrangement, so that towards the centre of the lens

surface they are running at almost right angles to their

previous course. Near the peripheiy the}^ run more or less

concentrically (PI. 7, fig. 8). They do not terminate at the

centre of this surface, but continue across for some distance,

and there results a series of fibres crossing one another in all

directions.

In thin sections cut parallel with the plane of the cornea

it is possible to see a number of nuclei here, with very deli-
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cate celi-outliues enclosing them (PI. 1 , figs. 7 and 9). These

cells have their ends drawn out into the long fibres seen in

macerations so easily, and which are many times the length

of the cell-body (PI. 7, fig. 2). In some cases, as Hesse

pointed out, a number of fine pai-allel fibrils appear to pass

out of and through the cells (PL 7, fig. 7). He regards the

fibres as muscle-fibres, and the cell-body as containing the

remaining myosarc and nucleus. This view is based on the

reaction to picric acid—siiurefuchsiu, which stains muscle

yellow and connective-tissue red. I was not sure that they

were not connective tissue cells, and in fact believed them to

be such. For this reason Mallory's connective-tissue stain

was used as recorded on p. 53. The fibres and cells were

stained by this process an intense red, against the blue sub-

corneal tissue above (PI. 7, fig. 7). They stain therefore as

muscle-fibres. Hesse says ([34], p. 397) that these fibres

extend to the edge of the lens but not further.

The same fibres, however, are to be found in the connective

tissue extending down the sides of the optic vesicle (PI. 6,

fig. 1, M.f.) and often quite near or even on the inner surface

of the same. I believe they have a far wider distribution

than Hesse supposed. This is the apparatus that, aided by

the lens-cells, is (according to Hesse) concerned with accom-

modation. Through the contraction of these fibres the outer

surface of the lens becomes reduced in extent, the lens-cells

are compressed together here, and, being plastic, change

their shape, the contents swelling towards the inner surface

where there is less tension. The result is an alteration in the

shape of the lens and hence of the focus. If the muscles are

relaxed the elastic cells (aided by the fibrillee) return to

their previous shape and the focus is adapted for more distant

objects. No physiological proof has yet been brought to

support this theory, and, as far as experiments go, I could

find no evidence of accommodation (see p. 102).

Hesse has built up his theory simply to account for the

fibres on the lens and the persistent astral rays in the cells.

The function of the latter may be simply to give greater
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rigidity to the lens, and if the former were accommodation

muscles one would expect a more definite and efficient

arrangement. The same red-staining fibres can be traced,

however, down the sides of the optic vesicle in the connec-

tive tissue, and those present between the lens and cornea

may be simply for the purpose of tying the lens to the sub-

corneal layer. Before leaving the lens it will be advisable to

refer to another condition seen in some of the lens-cells.

This is a peculiar condition of the nucleus (perhaps patho-

logical) observed in one or two cells in preparations fixed in

von Kath's fluid and also in Hermann-sublimate mixture

(preparations stained with Heidenhain's iron hjematoxylin).

The latter specimen was an eye from a small 1*. opercularis

or P. varius. The nucleus (PL 7, fig. (5, a,nuc.) is perfectly

spherical and much larger than the normal ones. The size of

the normal nuclei was 5*J3 /u by 4 /z (they are oval in shape),

whereas the s])herical ones attained a diameter of 10'6/u.

These nuclei were homogeneous, not staining deep black as

the normal ones, but rather grey, slightly darker than the

cytoplasm. A very delicate nuclear membrane appeared to

be present with the remains of deeply stained chromatin

substance attached to it. The cells containing these nuclei

do not look distorted nor vacuolated hf fixatives and the

nucleus appeal's perfectly natural ; no other stages could be

found connecting' these with the normal nuclei.o

The Retika.

The retina, being the recipient region of the eye, is of great

interest, and this is increased by the wonderful complexity

for an invertebrate and by the numerous conflicting views

that have been published as to its histological structure.

I aofree with Rawitz when he said that to Patten must be

given the credit of solving* much of this structure. He was

the first to reduce chaos to order, and though he was unfor-

tunately carried a little too far by his imagination, he

published a very creditable work, especially since very little
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Avas known previously about this part of the eye. I believe,

also, that most of Patten's good work was due to the great

use of maceration preparations, though perhaps owing to the

more primitive methods of section Avork he did not check his

results as much as lie possibly could by this means. It is a

great pity, therefore, that his description should have been

couched in terms which, accentuated by his theories, did

much to bring tlie whole paper into some disrepute.

The retina covers almost exactly half of the interior of the

optic vesicle, and since it is of considerable thickness com-

pared with the size of the eye there is not much space left

in the pi-oximal hemisphere. The retina and underlying-

layers will be considered together. They are separated from

that part of the eye previously considered by a membrane,

the septum, first discovered by Krohn (5).

This septum is a homogeneous sheet of connective tissue

which is slightly thicker in the middle than at the sides, and

at the periphery it appears to become continuous with the

inner wall of the proximal half of the optic vesicle, that part

termed the ''sclerotica" by Patten (PI. 6, fig. 1, iSV.). This

author described it as cellular, but no traces of cells or nuclei

are to be seen, though the corresponding structure in the

eye of Spondjlus is formed of distinct cells. Patten also

stated that it was double. This has not been alluded to by

other observers, but I thought I had detected this double

nature (44). I have since found out my error and I believe

also the cause of Patten's mistake. He writes that the distal

branch of the optic nerve, which lies across the septum, has

no sheath, since the latter terminates where the nerve enters

the optic vesicle. The nerve, however, has a distinct sheath,

and this accompanies it to the middle oE the retinal surface,

where just as the nerve branches (PI. 7, fig. 18) and spreads

out over the centre, the nerve-sheath spreads out too, covering

all the diverging nerve-fibres which lie therefore between

two sheets of connective tissue, the nerve-sheath above and

the septum below (PI. 6, fig. 1). This nerve-sheath fuses

with the septum, and I think the two sheets of tissue were
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regarded by ]^atten as both belonging to the septum. In

preparations stained by Mallory\s method the blue connective

tissue is brought out very distinctly against the retina, whose

elements are stained red, and hence both septum and nerve-

sheath can be easily followed. In some sections there appears

to be a delicate concentric striation in the septum, but this is

all the structure to be made out. The distal branch of the

optic nerve penetrates the septum, the fibres boring through

separately.

The retina has been divided into several layers by previous

writers, but anatomically as well as for purposes of description

it will be better to consider it as made up of two layers only:

(1) The outer layer of distal sense-cells with their inter-

stitial supporting cells (PI. 6, fig. 1, D. S.; PI. 7, fig. 18, 0. 1, c).

(2) The inner layer of rod-cells and their continuations

the rods, together with interstitial supporting cells (PI. 0,

fig. 1 ; PI. 7, fig. 13, B. C. and I. I.e.).

A table is appended (p. 77) giving the synonyms that have

been used, Avhich shows also the gradual changes that have

taken place in our knowledge of these structures.

Hensen (13), as will be seen from the table, placed all the

cells present in the retina distally to the rod-cells and rods

in one category, called this stratum the "first cell layer/' and

said it was composed of one or two layers of spindle-formed

cells, whose contours were not very distinct. The layer of rod-

cells was called the " second cell layer " and the nuclei of

the inner interstitial cells considered to be their nuclei.

Patten found that the outer cells of Henseu were not all of

the same shape. He supposes, however, that physiologically

they are alike and calls them all outer ganglionic cells. Of

these he described three types, one of which had broad ends

bearing many fibrous processes which penetrated the septal

membrane and became continuous with the nerve-fibres of

the distal branch of the optic nerve.

One of his most important discoveries was the finding of

the interstitial cells of the rod-cell layer, which he termed

"inner ganglionic cells" (PL 7, fig. IS, 1. 1, c). Only the
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nuclei of tliese cells had been seen before and they were

thought to lie inside the rod-cells.

Kawitz agreed with Patten in almost all respects, but made
a retrograde step in asserting that a division of the outer

cells into three types was unnecessary because "die gesatnten

Zellen dieser Schicht vollstjlndig einander gleichen, abgesehen

natlirlicli von den nebensachlichen Differenzen im iiusseren

Habitus, und weil sie, vielfach miteinander in dii-ekter Kom-
munikation stehend, eine physiologische Einheit reprasen-

tieren." Schreiner also refers to the two layers of ganglionic

cells (the outer being a mixed layer, see table, and the inner

one the non-nervous inner interstitial cells), and states that

the outer layer is four or five cells deep in the middle of the

retina. He noticed, however, that the cells of the outermost

row (Piitten's first type) diffei-ed from tlie othei's, though

considers that all are of the same physiological nature.

Hesse in 1001 (34) was the first to upset the prevalent ideas

of these cells. He stated that there was only a single layer

of cells, and that the fibres of the distal nerve were not con-

nected with them. Hesse had forgotten, however, that the

previous observers would also have considered the outer

ganglionic layer to be of but one layer of cells if they had

only meant it to include the cells of Patten's first type. The

other cells Hesse alludes to as being pushed in between those

of the outer row, which he states are of epithelial-like nature.

In any case, to Hesse belongs the credit of having separated

off the outer interstitial cells from those of the most distal

layer, and breaking up the idea that all were ganglion-cells

and alike in function.

In addition to the difference in shape and the fact that the

outer cells bear cilia-like processes (PI. 7, fig. 13, D. S.), he

also noticed that the nuclei of the outer cells were somewhat

different from those of the others, now termed " Zwischeu-

zellen." This difference has often been very apparent to me,

and it is strange that the earlier writers missed this point

unless fixation and staining of these cells had been rather

indifferent.
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Hesse finally noticed tlie resemblance of these outer inter-

stitial cells to tlie inner ganglionic cells of Patten, Rawitz and

Schreiner, and called all of them " Zwischenzellen/' stating-

at the same time that they did not bear exactly the appear-

ance of nerve-cells, but his preparations showed that the

fibres of the distal nerve arose from them. He did not regard

them as ganglion-celis but considered them to be optic sense-

cells. The function of the outer cells is not stated, but they

are not supposed to be connected with the distal branch of

the optic nerve.

The next mention of these cells occurs in Schneider's

' Text-book of Histology' (38). Schneider finds no connec-

tion existing between the " Zwischenzellen " and the distal

branch of the optic nerve, nor any junction of the latter with

the outer layer of cells, bu.t finds that the nerve-fibres pene-

trate between them and cannot be ti'aced further. He also

describes how at the edges of the retina the cells of the outer

layer at various places surround, collar-like, branches of the

nerve. I believe this (see his illustrations, p. 560) must have

been caused by artefacts. The interstitial cells are not con-

sidered to be sense-cells.

In 1904 appeared Hyde's remarkable account of the nerve-

endings in the retina, which really caused my attention to be

drawn to the Pecten eye. Hesse had previously stated that

niethylene-blue methods had failed him, but that the problems

of the retina Avould in all pi-obability be solved by the attain-

ment of success with this stain. According to Hyde, methy-

lene-blue methods were perfectly successful and solved all,

the result being a description of the retina which stands in

striking opposition to all previous work. Hyde finds that the

inner interstitial cells are the nerve-cells connected with
the axial fibre of the rods, and only mentions one row
of outer cells which are supposed to be connected to the

fibres of the optic nerve.

So much for the outer cells ; I shall have occasion to make
further reference to Hyde's work later. In 1908 Hesse refers

again to the Pecten eye (43), and now finds a connection
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existing- between the distal cells and the distal branch of the

optic nerve, so that these are also included as sense-cells, but

his views of the interstitial cells remain unaltered. He had

apparently neither seen nor heard of Hyde's paper, whicVi has

remained, therefore, uncriticised. Such is the mass of con-

flicting evidence at present existing. There is no doubt that

the relation of the distal nerve to the outer distal cells and

interstitial cells is the most difficult histological problem of

the retina. It is extremely difficult to trace the endings of

the nerve-fibres in sections, and impossible to make out the

shape of the interstitial cells. I have been able to make out,

however, the shape of the latter from macerations, and to

trace the extent of their branches, which can be confirmed by

sections. A schematic figure has been built up from macera-

tions and sections which shows the relation of the cells to one

another (PI. 7, fig. 13).

The structures are as follows : The distal surface of the

retina is bounded by a single layer of cells (PI. 7, fig. 13,

D. 8.), the distal cells of Hesse, and the first type of Patten's

outer ganglionic cells. They are somewiiat regularly placed

so that an epithelial-like layer is formed. The outer ends of

these cells, which are directed towards the septum, are broad

and bear cilia-like processes, so that a space exists between

septum and cell-layer, which is crossed by the nerve-fibres

from the distal nerve and filled by the processes of the distal

cells, Avhich for the most part do not reach the septum (this

may be caused, however, by breakage of the fine processes

durinsT fixation). The cells are cvlindrical, transverse sections

cut in the plane of the retina, being perfectly circular (PI. 7,

fig. 16, D.S.). Their lower ends are rounded, and in some

cases appear to terminate in a short pointed process. This,

however, could not be followed far, and I have only seen it in

some maceration preparations.

The cell contents are finely granular. Dark-staining

granules (basal granules) are present at the bases of the cilia-

like processes (PI. 7, fig. 13), and these sometimes produce

the appearance of a dark-staining edge. There are also
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delicate lougitndinal fibrilla) in the protoplasm of tlie distal

ends of the cells, rnnning to the bases of the processes

(PL 7, fig-. 13, D.S.). Like Hesse I have fonnd no motion

of the processes in living cells. Between the cells pass

branches of the distal nerve, which can be traced quite easily

through the septum, but with great difficulty in the i-etina,

where it has been uncertain whether they entered into con-

nection with the outer cells, interstitial cells, or ended free.

I think it is certain that they terminate, however, in the

distal cell-layer and become connected with the cells, not by

the cilia-like processes, but to their sides (PI. 7, fig. 13), It

is easy to see in sections the nerve-fibre passing to tlie side or

apparently one corner of the distal cell, and in macerations

each distal cell can be seen to possess a long, thicker process

which appears to arise at the edge of the distal end, but can

often be traced some distance down the side wall. This is

unfortunately very difficult to make out, but is confirmed, I

think, by the character of the distal cells, which are those of

sense-cells, and by sections of young eyes, where the inter-

stitial cells are only slightly or not at all developed (as

noticed by Hesse).

The nucleus requires special consideration since it differs

from that of the interstitial cells. Fig. 16 (PI. 7) illustrates

a transverse section through distal and interstitial cells

stained with Mallor3^ The nucleus of the first-named

(fig. 16, D.S.n.) is large, perfectly round, and contains a

number of small chromatin granules, which stain orange red

(orange Gr. and saurefuchsin) in addition to the distinct nucle-

olus which is always present and stains more distinctly

orange (there may be two nucleoli present). The cytoplasm

is stained red. These nuclei are very similar in appeai-atice

to those of the rod-cells to be considered below and to the

nuclei of nerve-cells fi'om the various ganglia. The cliaracter

of the outer interstitial cells (fig. 13, O.I.c.) is very

different, and I have termed thetn "supporting cells." They
bear no resemblance to sense- or nerve-cells, and no connec-

tion between them and the inner interstitial cells or the fibres
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of the distal nei've could be found. The isolated cells

obtained by macerating the retina in chloral hydrate solution

are illustrated in fig. 15 (PI. 7), but these were only obtained

on a few occasions and after a long search, for it is most

difficult to separate them from the distal cells.

The cell-body is very small and there is but little cyto-

plasm left surrounding the nucleus, but from this extend

long branched processes. The nucleus retains the blue stain

after Mallory when it has been taken from the nuclei of the

distal sense-cells, and generally it may be said that the inter-

stitial cell-nuclei stain darker and are more homogeneous, it

being more difficult to resolve the granules. They are further-

more flattened and are only about half the size of the sense-

cell nuclei. The processes lie in close contact with the distal

sense-cells, there being often two clasping them and extending

between them towards the septum (PI. 7, fig. 15, a.).

From the proximal end of the cell may arise one or more

irregular processes which branch and penetrate some distance

between the rod-cells. It is quite easy to understand how
these long processes, which in my opinion tie and support

the sense-cells, have been for a long time considered as

nerve-endings, either of nerve-cells or of the fibres from the

distal nerve. In many ways the interstitial cells resemble

in shape and staining the neuroglia cells found clasping the

nerve-cells in the various ganglia of Pecten and other lamelli-

branchs. The outer ganglionic layer of Patten is composed,

therefore, of two types of cells—sensory cells forming an

outer layer and connected with the distal nerve, and support-

ing non-sensory cells interpolated between them. Miss Hyde
did not recognise the latter at all. I have had no success

with methylene-blue methods, but I do not think they would

be of much advantage unless fixation was very good (a thing

not by any means easy to attain with many special methods),

for it would be almost impossible to check the results and to

determine whether, in the confusing mass of fibres, nervous

or both these and non-nervous processes had taken the stain.

We have now to consider the second sensory part of this
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remarkable retina, innervated by the proximal branch of the

optic nerve. This region is most obvious in sections and is

composed of a row of pillar-like rod-cells, bearing rods, with

a series of interstitial cells lying between the former and
once supposed to be their nuclei.

The rod-cells (i-etinophorae of Patten) (PI, 7, fig. 13,

JR. G.) occupy a very large part of the retina. In very young
eyes, however, the distal cells are more prominent and occupy

a proportionately much larger part. They are extremely long

cells, especially those situated in the centre of the retina.

The outer ends, to be found at the periphery of the retina,

are attenuated and pass gradually into the nerve-fibres of the

proximal branch of the optic nerve (PL 6, fig. 1, 0|j. P."), so

that it is impossible to say where one ends and the other

begins. From this point they increase in thickness, the first

third of their length or more lying almost horizontally under

the outer layers of cells, embraced by the processes of the

supporting cells. Some little distance from the periphery,

not very different for cells from different parts of the retina,

each swells rather suddenly round its nucleus (PI. 7, fig. 13,

R. 0.11.) y and from this point the thickness remains practically

the same to the basal end, though there is a slightly more

constricted part below the nucleus. All the rod-cell nuclei

are situated in a scattered cluster not far from the edge of

the retina, so that the nucleus is nearer the proximal end in

rod-cells belonging to the centre of the retina, whilst in the

middle or slightly nearer the base of rod-cells from the

peripheral regions.

The distal cylindrical portions of the rod-cells lie parallel

with one another, perpendicular to the plane of the retina,

and terminate at the same level, forming a well-defined line

between them and the layer of rods. This line (PI. 7, fig. 13,

S.m.) has been described as the section of a membrane (see

table), which extended across the retina and was pierced by
the rods (PI. 7, fig. 13, Rod). These are direct continuations

of the rod-cells, and rod and rod-cell form together one

entity—the product of one cell. Patten described a delicate
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membrane supposed to separate the protoplasm of tliese two

parts, but there is no trace of one, and the cell contents of

both are continuous.

The appearance of two definite structures separated by

a membrane is due to an external flange or projection existing

on the wall of the rod-cells at their junction with the rods, by

means of which adjoining rod-cells are connected. 'J'his pro-

duces in sections the effect of a " sieve-membrane " with

circular holes through which the rod-cells and rods pro-

trude.

It is a rather difficult point to decide. Hensen, so far back

as 1865, said that by reason of the rod-cells ending at the

same level a sharp bounding line "was formed, which could

easily be mistaken for a membrane, but this was not present.

Patten did not see it either, but, as stated above, believed

there was a delicate membrane, the "terminal membrane,"
in each rod-cell. Rawitz found no membrane either inside

or external to the cells, but Schreiiiei- and Carriere both

affirmed its presence. Hesse (34) refers to a sieve-membrane,

and on p. 409 he remarks that in some specimens of P.

jacobfeus and P. maxim us the inner interstitial cells

can be followed up to the sieve-membrane, which is possibly

a product of these cells.

In my opinion the sieve-membrane is, as above stated, due

to the extended walls of the rod-cells, and has no part from

the interstitial cells. This line is usually well marked in the

marginal regions of the retina, where there are no rods borne

by the rod-cells (PI. 6, fig. 1, M.ret.). Where necessary, the

well-marked line above referred to will be called a " pseudo-

sieve-membrane " for convenience in description. In macera-

tions of the retina, in -^-^ per cent, chromic acid (the pre-

parations being stained with picro-carmine and examined

with the oil-immersion) a series of very delicate parallel

fibres could be seen running longitudinally on the surface of

the rod-cells (PI. 7, fig. 13, CeUs A). It was not possible to

follow them proximally to the nucleus. At the junction of

rod-cell and rod they bear thickenings (PI. 7, fig. 13, S.m.),
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which stain more distinctly, and it is probably these only

which fonn the "flange" and the attachment of rod-cells to

each other.

The fibres are supporting fibrilho, and in preparations

wliere the rods had broken off (PI. 7, fig. 18ff) the tube of

fibrils could be distinctly seen. Where the rods remained

attached to the rod-cells the fibres were continued below the

thickenings, but had left the surface of the rod, enclosing

the latter in a kind of sheath (PI. 7, fig. 13).

. Whether they lie on the rod-wall in the normal condition

or in the interstitial substance to be presently considered

I cannot say. Another point concerning the shape of the

rod-cells remains to be referred to. Above the nucleus the

rod-cell does not become gradually less in diameter, but after

a constriction there often occurs one or more irregular swell-

ings, which give the attenuated end of the rod-cell a more

or less varicose appearance.

Patten saw one of these and described it as a delicate

oblong vesicle containing a second faintly staining and

often invisible nucleus. Pawitz would not consider the

presence of a nucleus, but saw the enlargement and said it

might be artificial. Schreiner also figures it. It is most

easily seen in isolated rod-cells, in a maceration. I find that

there may be one or more, and that they are simply due to

the rod-cell being flattened in places by the pressure of

adjacent cells; the flattened part appears as an enlargement

if not seen in edge view.

The rods are cone-shaped with the apices rpuuded. The

base lias the same diameter as the rod-cell, that is, where

they are continuous, and from here the diameter gradually

deci'eases towards the lower end, though at first very gradu-

ally. They are separated and surrounded by a homogeneous

substance (PI. 7, fig. 13, R. mat.), which fills up all the cavities

that would otherwise have remained between them, and also

forms a layer below them. This substance is stained black

by iron htematoxylin, it is blackened by osmic acid, and is

stained blue by Mallory's connective-tissue stain. I believe
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it is a semi-fluid substance of connective-tissue-like nature,

which contains some oil or fatty body, and I have called it

the rod-matrix (PL 7, Hg. 17, li. mat.).

Patten described the rods, which are very difficult to

preserve, as consisting of a " liyaline refractive sheath

surrounding a pyramidal axial core filled with a watery non-

refractive fluid, and a short distance from tlie inner ends of

the rods, terminating in a rounded apex" ([22], p. 585).

This axial core is, in my opinion, the true rod, and what he

described as the sheath is the surroundiug rod-matrix.

Carriere (21), had noticed this before Patten, and described

the rods as being immersed in a fatty substance. Patten,

however, adds that this was due to the fusion of the sheaths

of the poorly preserved rods. Rawitz agreed with Patten

about this sheath, though he differed slightly in regard to

its optical properties, and Scbreiner also does not accept

Carriere's view. Hesse's view is, however, the same as mine,

and he has emphasised ihe error of Patten, Pawitz, and

Schreiner, whose peculiar idea of the rod was due to the fact

that they believed an outer sheath to be necessary. The rod

structure differs from that of tlie rod-cell in the fact that

there is much less stainable protoplasm, and this is usually

aggregated round an axial fibre (PI. 7, tig. 13, Ax./.). It

will be unnecessary here to go into further comparisons of

the previous views on these structures. The rod-cells have

been described almost correctly, though with deficiencies by

most observers, with the great exception of Hyde, whose

account I am leaving until later.

In sections of well-preserved rod-cells and rods, such as

those fixed in Bouiu or Zenker and stained in Mallory's stain,

an axial fibril will be easily seen rtinning through the rod.

It is wiih reference to this structure that most of the con-

fusion has arisen. Patten stated that each rod-cell contained

an axial nerve-fibre which entered the attenuated end, passed

through the first vesicle-like swelling, passed the large

nucleus, and went on down to the lower end of the rod,

whence it issued, and divided into two main branches which
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became connected with the axial fibres of neighbouring cells

(see Patteu^s fig. 140, Taf. 32). Furthermore, he describes

how towards the lower ends of the rod-cells the axial nerve-

fibre begins to give off radiating fibrillte, which are so

numerous in the rods as to constitute the greater part of

their substance. Hensen was the first to see the axial fibre

in the rod. Patten figured it as being equally distinct and

of the same diameter in rod-cell and rod. Rawitz found,

however, that there was a fine canal running through the

former in which lay the fibre, which, he adds, is the continua-

tion of a nerve-fibre from the proximal branch of the optic

nerve. This central canal and fibre was supposed to be

present in the rod but terminated without the complicated

connections of Patten. Carriere, in his second paper (an

answer to Patten's criticisms of his first) (26), could not bring

the existence of a nerve-fibre inside a cell into line with

histological teaching, and hence said that what was present

was simply a differentiation of the cell-substance. Schreiuer

came to the conclusion that a detailed examination was

necessary owing to the diverging opinions of previous authors,

and found after making sections and teased preparations

that there was no axial fibre at all in the rod-cells, and what

had been seen there was only one of the contours of a rod-

cell produced by pressure causing these normally cylindrical

cells to be angular. He found it very distinctly stained,

however, in the rods, and it ran straight to the end where it

terminated in a point. He adds that it differs somewhat

in staining qualities from nervous tissue and is too thick for

a nerve fibre (p. 72).

Hesse found after all this research that it was necessary to

go back to the earlier views, for he made out the axial fibril

running through both rod-cell and rod.

He states, however, that it is far more easily seen in the

rods, and even there it varies in the same preparation.

It is less distinct in the rod-cells because thinner (except

in P. aratus), and in some cases Hesse saw more than one

present. This bring us to Hyde's views (39) regarding rod-
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cell, rod, and axial fibre, which are based on niethylene-bbje

methods. It appears somewhat difficult for lue to understand

how tlie material presumably stained could remain in good

condition for four years until taken up for completion.

We are told that a rod consists of a nerve-cell whose small

anterior end (upper end ?) projects slightly beyond the median

limiting membrane, and whose much elongated posterior

portion is tubular and bluntly terminated. This portion is

encased in a hyaline sheath, Avith the end capped by a homo-

geneous cuticular substance, which in methylene-blue pre-

parations appears like the matrix separating the rods. A
small nucleus lies in the antei-ior end of the rods and .from

this an axial fibre extends to the posterior (lower end).

There is another series of iuiportant elements in the retina

—" bipolar cells.^' These extend from the median limiting

membrane (presumably the same as the line dividing rod-

cells fi'om rods) outwards towards the margin of the i-etina.

" Their large granular elliptical nuclei may be seen in longi-

tudinal sections extending in a row, a short distance from

the median liuiitin"- membrane. The whole cell with its

afferent and efferent axon is encased in a hyaline sheath,

under which are scattered blue granules of various sizes."

The rest of Hyde's conclusions are difficult to understand,

but putting figures and descriptions together, one gathers

that the rod-cells of all previous writers are the same as

certain "supporting cells of the median layer" of Hyde.

The bipolar nerve-cells above referred to are the inner inter-

stitial ceils (PI. 7, fig. 13, I. I.e.) or inner ganglionic cells of

other authors, "and from them arise two fibres, one of which

runs to the edge of the retina and the other to the pseudo

" sieve-nienibrane,^' following the course of the median

supporting cells of Hyde and lying between them. These

are the afferent and efferent axons. Distally the afferent

axon has a dendritic termination, which conies into relation

with the upper end of the axial fibre of the rod. Proximally

the efferent axon terminates Avith other efferent axons in a

common large ganglionic cell. These marginal ganglionic
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cells^ besides conuectliig- up various axons of bipolar cells^

give off fibres Avliicli make up the proximal branch of the

optic nerve. This means in short that the sensory structures

(the rod-cells) of all other writers are merely median sup-

porting cells^ the inner ganglionic cells of Patten and Ilawit;^

(the interstitial supporting cells) are bipolar nerve-cells, and

the marginal ganglionic cells of Hyde have not been seen by

any other investigators. Patten and others must have mis-

taken, adds Hyde, the axons of the bipolar cells for axial

fibres in tlie rod-cells !

I took some little trouble to see if it were possible for any

of these results to be correct, though from a priori reasons,

assuming a little of tlie previous work to be satisfactory, it

appeared very doubtful.

In the first place Patten and his successors could not have

seen the bipolar cell axon inside a rod-cell, since they all

described it as being outside and possible of separation in

teased preparations.

In the second place, the bipolar cell of Hyde has always

been described as inultipolar, and hence though two loii""

afferent and efferent axons might have been missed, her

predecessors had a better idea of its true shape. Finallv,

since rod-cell and rod are in direct continuation it is impos-

sible for the axial fi^bre of the latter to become connected with

the process of a cell lying between the former. The results

are, in fact, impossible. The rod-cell in its general features I

have found to be exactly as described by most other writers.

The "bipolar cell" is the interstitial supporting cell to be

subsequently described, and the rod contains no nucleus at all.

The marginal ganglionic cells as described by Hyde do not

exist. I must now refer to the axial fibre and the internal

structure of the rods. The first idea striking an observer is

that the true condition of things is like that described by
Schreiner, viz. an axial fibre is present in the rods, but not

in the rod-cells. After staining with iron lia3matoxylin, but

especially after using Mallory's stain, with Benin's fluid as

fixative, traces of a much thinner fibre or fibres are to be seen
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in the rod-cells (PI. 7, fig. 13, cdU li.). In a memoir on

Pecten (44) I made the statement that this was probably the

true condition, and I find that Schreiner in his text-book on

histology (38) has done the same. The latter author refers to

the axial fibre as a neurofibril, a structure wliich has risen in

importance since Apathy's work in 1897 and about which

very much has been written, chiefly on the continent, in the

last few years. I believed that the thick neurofibril easily

seen in the rods divided into numerous delicate, more

elementary fibrillae in the rod-cells, a view rendered more

probable by the fact that whilst the contents of the latter are

uniformly distributed, filling the cell, the protoplasm of the

rods is usually aggi-egated in the middle. 1 couhi not at that

time, however, find proof of this in Pecten, although Hesse

stated that sometimes he had seen more than one fibre

present.

Usually the axial fibre is thickest and stains most darkly in

the upper half of the rod, though sometimes the whole length

in the rod is much the same in appearance.

It begins to disappear a little below the line of junction

with the rod-cells, but again sometimes extends quite as

distinctly a little above this. This disappearance, or partial

disappearance, is due to the separation into delicate branches

which extend right through the rod-cell (PI. 7, fig. 13,

B., B.C.).

The separation is irregular, aud sometimes one fibril is left

much thicker and may be followed easily through the rod-

cell : presumably this feature gave rise to Patten's view.

The point of separation of the axial fibril of the rods into

finer fibrillte varies even in the same section, and in rod-cells

situated near the margin of the retina (young rod-cells) the

axial fibre may often be seen as thick and distinct as in the

rods. In macerations in chloral hydrate solution or chromic

acid and also in teased fresh material the axial fibril is seen

as distinctly as in stained sections.

It is rather thick and quite stiff like a bristle in these

preparations, never having normally the snaky course



THE EYE OF PECTEN. 9]

ascribed to it by Hesse. Often the more delicate rod is

broken up in maceration and the axial fibre is then left

sticking" out from the protoplasmic remains of the cell (PI. 7,

fig. U,Ax.f.).

After seeing these preparations one is rather inclined to

believe that this is also a supporting structure.

In sections, however, the appearances are more favourable

to the nervous view. The separation of the components of

the axial fibre is similar to that often taking place in neuro-

fibrillse, and the fibre occurs in a sense-cell and stains always

like the nerve-fibres in the same preparation. In the rods

the axial fibre differs somewhat in appearance from a typical

neurofibril in thickness and distinctness. These structures

considered as the conducting elements of the nervous system

were unknown to the earlier writers on the Pecten eye.

There are two views, then, that may be taken of the function

of these fibrilhe. We may regard the axial fibril in the rod

as a true neurofibril, a "primitive fibril" formed by the

apposition of several elementary fibrillge which pass through

the rod-cell, the apposition occurring normally or through

fixation. These neurofibrillse have, then, the function assigned

to them by Apathy and Bethe—the conduction of nerve

impulses. On the other hand we may consider the whole to

have only the function of a system of supporting fibres. The

latter view would resemble that put forward by Nansen and

accepted by several investigators, who consider the neuro-

fibrillae to be the supporting, and not the conducting elements

of the nerve-cells. It is also conceivable, of course, that the

structures are not homologous with the neurofibrillse of nerve-

cells at all. 'I'here is at present, to vay mind, much confusion

existing in reference to fibrous structures in nerve-cells,

especially since Holmgren has shown (37) that processes of

the neuroglia actually penetrate into ganglion cells and act

as supporting fibres.

An axial fibril of the same type as that occurring in the

Pecten eye is a feature of the rod-cells of many other inver-

tebrate eyes. For example, in the Lamellibranchiata it is
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present in Area, Liinn, Spoiidylus (34), and Cardium (42) ;

in the Cephalopoda it is probably of general occurrence. It

is very definite in the rods of the Alciopiden, and has been

found in the Polychtetes Nereis and Lysidice l)y Hesse (33).

In Gastropods a definite bundle of neurofibrillar has been

found in the visual cells of Liinax (Smith [40] ). In other

forms there occur, instead of one thick axial fibril, a nuuiber

of fibrilho Avhich terminate in a comb-like margin ("Stiftchen-

saum" of Hesse). This is a feature of the distal cells of the

Pecten eye, and according to Hesse is practically universal, the

fibrilh\3 occurring also in the rods and cones of vertebrates.

The rods or analogous structures are also of widespread

occurrence in optic sense-organs, though it would be difficult

to homologise many of the rod-like structures with one another.

Hensen, and later Grenacher, looked upon all the rods as

cuticular structures, but 1 doubt now if any rod can be shown
to be cuticular, not even the rhabdome of the Arthropods,

a differentiated part of the reticular cells. Hesse regards

the neurofibril las then as the universal actual recipient ele-

ments of the visual cell and the plasmatic part of the rod as

a support for the fibrils. Experimentally it is impossible to

determine whether the neurofibrillar are the recipient elements

or not, but from the constancy of their presence I believe

they })lay a great part in this process. I have shown how in

macerations the rod-cell may break up, leaving the axial fibre

(PI. 7, fig. 14). It does not appear from this as if the rod

could give much support to the latter, but the true state of

things in the living eye may possibly be different. I am
rather inclined to believe, however, that the plasmatic poilion

of the rod acts conjointly as a recipient oi-gan, and that the

stimulus is passed on to the neurofibrillar which conduct the

nerve impulse wider.

I consider Hesse's estimation of the number of rods in a

retina to be rather low for the large eyes of P. jacobaeus
or P. maximus. In the latter species there were about
ten thousand in the retina of one specimen examined, and the

number of rod-cells therefore exceeded this number, since the

marginal ones do not bear rods.
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Below the rod-matrix which underlies the rods is a limiting'

membrane, thebasement membrane (PL 7, fig. 13, B.m.),

which extends completely across the eye. It corresponds to

Schreiner's ^' Innere Siebmembran," but is a perfectly con-

tinuous thin sheet. It is stained by hfematoxylin similarly

to the matrix but darker, and since the rods terminate a little

distance above it it is obvious that they cannot pass through

it. It occupies a similar position to Patten's "vitreous net-

work," but his description also refers to a thin layer of hyaline

substance perforated by large holes into which the inner ends

of the rods fit, and Schreiner states that the points of the

rods come to lie against the tapetum. No traces of any cell-

structure have been made out in this bounding membrane,

which, as noted above, is not perforated by the rods.

Eeference has already been made to the marginal area
of the retina (PI. 6, fig. 1, M. Ret.). This is best studied from

specimens fixed in Carnoy's fluid. The rods remain practically

similar in size until about the tenth from the margin of the

rod-bearing region, and then follows a rapid decrease in size,

leading to the apparently fibrous lateral parts where no rods

are present. Careful examination will reveal the fact that

the so-called outer sieve-membrane can be traced to the very

edge of the retina, but the space between it and the basement-

membrane is exceedingly small. This corresponds, howevei-,

to the space occupied by the rods in the middle part of the

retina. The axial fibre or neurofibril can be seen more dis-

tinctly in these marginal rod-cells, which for a little distance

are similar in diameter to the much longer ones in the centre

of the retina. They next become much less in diameter until

finally the boundaries become difficult to detect, and the axial

fibril is the most distinct part of the cell. It can also be seen

extending below the line of the pseudo sieve-membrane,

though without any rod. Between these modified rod-cells

are more supporting cells.

The mai-ginal region differs, therefore, from the central

part of the retina in being composed of rod-cells which are

far shorter than those of the latter region, whose diameter is



94 W. J. DAKTN".

reduced, and wliich bear practically no rods, tlionpfli the

axial fil)ril, wliich is very distinct, appears to extend a little

way below the psendo sieve-membrane. I believe that this

region is occupied by young rod-cells and rods, and it can be

seen how the rod is a gradual product of the rod-cells, as the

appeai-ance of the former in other parts of the retina naturally

suggests. The gradual increase in size of the rods at the

junction of the marginal and the central rod-bearing region

is well marked. Probably the former region does not play

any active part in vision at all.

Hensen called this area the " Retinawiilste," because of the

folded appearance in sections, and Hickson's figures also

show the retina in this form. I have found the same condition

after several fixatives, including Von Ratli's fluid and Bethe's

fixative for methylene blue. It is due to contraction, and is

not normal.

The inner interstitial supporting cells (PI. 7, fig.

13, T. L c.) have already been referred to several times. 'J'hey

lie in close contact with the rod-cells, between which they

send their processes, and they are situated not far from the

pseudo-membrane (PI. 7, fig. 13, S.m.). Patten was the first

to recognise that the nuclei of these cells really belonged to

cells lying between the rod-cells ; they had been considered

the nuclei of the latter by his predecessors. He figured them

correctly as multipolar cells, but fell into error in regard to

the nucleus, just as he and most of his successors considered

that all the cells between the rod-cell layer and the septum

had the same type of nucleus and were physiologically alike.

It is quite easy to see in preparations stained with Mallory or

iron Inematoxylin that these nuclei resemble exactly those of

the outer interstitial cells. There is a considerable difference

between them and the large nuclei with distinct nucleolus

and chromatin granules, which are present in both the distal

sense-cells and the rod-cells (PI. 7, figs. 13 and 16, R. C. n.

and D. S. v.).

The shape of the cells can be best seen in isolated retinas

after macerating in -J^^ percent, chromic acid for several days
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and staining in picro-carmine. There is very little protoplasm

round tlie nucleus, and the processes are so irregular that

beyond the fact that the cells are multipolar no definite shape

can be ascribed to them. They are, on the whole, slightly

larger than most of the outer interstitial cells. The processes

wrap round the rod-cells, and may even extend through the

basal pseudo-membrane between the rods. It has been said

by Hesse that the inner interstitial cells are so rare in the

centre of the retina that there is only one to four or five rod-

cells. They are just as numerous here as elsewhere, except,

perhaps, the peripheral modified region.

Patten and Rawitz considered these cells to be ganglion

-

cells. Schreiner figured their shape incorrectly (as did I

myself in a previous memoir) and found them to be connected

with the distal nerve. Hesse also believed these cells to be

nervous, for he states that the connection with the distal

nerve is sometimes very distinct. In his last paper, however,

he has altered his views of the relations between the distal

cells and the nerve, and the question of the interstitial cells

is therefore left open. Hyde, as already noted, regarded

them as bi-polar nerve-cells connected with the axial fibre of

the rods. Everything, however, points to the conclusion that

the inner interstitial cells, like the outer, are simply support-

ing cells, their structure being quite unlike that of nerve- or

sense-cells, and no connection with nerves having been found.

SUB-KETINAL LaYEES.

Below the retina there is generally a space, a split between

it and the next layer, which maybe of considerable size. All

writers have figured this, but it is impossible, in most cases,

to discover whether they regarded it as normal or not, since

only Hesse refers to it, and he regarded it as due to shrinkage.

I have figured it as it Usually occurs in sections (PI. 6, fig. I),

but it must be remembered that this space is simply due to

fixation, etc. In some cases, for example, the next layer,

the tapetum (PI. 7, fig. 1, Ta.), will be found for some distance
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fittaclied to the retina, and tlien will occur a stretcli where it

has evidently been torn off, and remains attached to the

underlying" pigment-layer (PI. 6, fig. 1, Pf/.). This layer is

also very often pulled away from the wall of the optic vesicle,

and, whilst remaining- attached to the tapetum, leaves

fragments adhering to the wall, indicating where it once has

been. In the normal eye, retina, tapetum, and pigment-layer

ai'e all in contact with one another, and no space occurs

between the latter and the wall of the eye.

The tapetum.—This layer is very conspicuous both in

the living eye and in sections, and was very early discovered

by Krohn (5). Hensen stated that it consisted of polyhedral

cells. Patten called it 'Hhe ai-gentea " (a name which I

previously employed, but since "tapetum" is more correct

by order of priority I have gone back to it). It is unfortunate

that the term " tHpetum " has been used to designate two

different layers.

Hickson and Carriere believed the structure was formed of

a number of fine fibres crossing at right angles. Patten

considered it to be a modification of two layers of cells into

refractive laminated membranes composed of minute square

plates. Hesse found the tapetum to contain always a single

nucleus surrounded by some residual protoplasm and there-

fore derives this layer from a single large cell.

The tapetum is made up of several layers of minute square

plates (PI. 7, fig. 19), which are yellow by transmitted light

and reflect the light like silvery plates.

This gives the diamond-like lustre to the living eye, and I

have even a series of transverse sections, mounted in canada-

balsam, which retain the same property. The layer is

thickest in the centre and shades off gradually to a very thin

peripheral region, which can be traced between the retina

and the pigment-layer to the wall of the optic vesicle.

I have been unable to trace Hesse's nucleus, and in adult

eyes it is impossible to detect any remains of cells. I believe

rather that this layer is formed by the underlying pigment

containing cells or by other cells which disappear, but more
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probably by tlie former, since some of the granules con-

tained in tliese cells may resemble the substance of the

tapetum.

The pigment layer was also an early discovery because

of its conspicuous appearance, and it is often possible to see

the red pigment through the substance of the eye-stalk if

there is little pigment in the epithelium of the latter. This

layer was Patten's tapetum. Hickson had regarded it as a

fluid with no cellular elements at all. Carriere thought it

was a continuation of the septum, and Rawitz describes it as

being differently coloured in the various species. Schreiner

explains Hickson's view on the grounds that iu P. maxim us,

which he examined, the pigment was really a fluid mass

containing large and small granules, but adds that in other

species this layer is a single or double row of rather large

polygonal cells.

I have investigated several species and find that this layer

is cellular in all, though the boundaries of the cells may be

difficult to see in the adult. In young specimens of Pecten,

only a few millimetres in diameter, the pigment-layer appears

to be composed of a single layer of epithelial-like cells with

little or no pigment present.

As the eye grows the pigment increases, the cells become

filled and usually very irregular in shape, so that in large

eyes of P. maximus the epithelial ai-rangement persists

often only in the marginal part, and in the middle the layer

may be irregularly two cells thick.

The actual colour of the pigment is of little importance,

since it varies in specimens of the same species and often in

cells of the same eye. It is some shade of red-brown, and

generally the cells are filled with a finely granular dark

brown pigment, but with here and there frequently large,

more darkly coloui'ed bodies, like round concretions (PI. 6,

fig. 1, Ta. c). There are large and small bodies of this

nature, and sometimes also iridescent granules resembling in

appearance the substance of the tapetum. The nuclei are

best seen in iron hasmatoxylin preparations. In P. maximus
VOL. 55, PART 1. NEW SERIES. 7
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they are i-onnd and contain a conspicuous nucleolus together

with scattered chromatin granules.

The cells of the pigment-layer appear to be continuous

with the retinal cells at the periphery of the retina. Patten

considered this layer, in fact, to be homologous with his outer

ganglionic layer. I am unable to say whether it should be

considered as a modified continuation of the distal sense-cells

or of the outer interstitial cells. The nuclei are much more

like those of the former, but the development of the Pecten

eye still requires elucidation. This completes the account of

the structures enclosed in the optic vesicle. A reference

must be made here to the inner wall of the proximal hemi-

sphere of the latter. It is formed of connective tissue, and

Patten called the surface layer the "sclerotica" (PI. 6,

fig. 1, 8c.). He described it as a two-layered, tough, hyaline,

connective-tissue membrane continuous with the septum.

Rawitz disagreed entirely with this and objected to the

term "sclerotica," because of its inappropriateness, considering

the use of this term in the nomenclature of the vei'tebrate

eye. This membrane of Patten is, however, well marked in

longitudinal sections of the eye, though it is simply the

limiting or surface layer of the connective tissue of the eye-

stalk and directly continuous with it. In sections stained

with Mallory's fluid it is very conspicuous (PI. 6, fig. 1, Sc),

and stains a deep blue against the light blue of the ground

tissue of the eye-stalk. It also differs from the latter in

being hyaline and containing neither fibrous elements nor

nuclei. The connective tissue forming the wall of the distal

part of the optic vesicle lacks this differentiated surface layer

entirely. In reactions to several stains it resembles the

septum, and it also appears to be continuous with this mem-

brane. The layer is thus obvious, but is not to be considered

as a separate structure in Patten's sense, and the term

"sclerotica" is certainly inapplicable.

I have called it simply " the modified connective tissue-wall

of the optic vesicle." It must be remembered that the terms

"cornea," "sclerotica," "iris," etc., used by Patten and others
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cannot be compared directly with those designations in the

vertebrate eye, for the structures bearing these names are not

homologous, and in fact the whole structure of the eye is not

to be homologised with that of the vertebrate optic organ.

The resemblances are pure cases of homoplasy, and there is

absolutely no proof of a genetic community of origin.

Innekvation and General Conclusions.

It has already been pointed out that the retina is innervated

by two branches of an optic nerve which passes down the

centre of the eye-stalk (PI. 6, fig. 1 ; PI. 7, fig. 2, Op. N.).

This nerve has been considered as an offshoot from the

circumpallial nerve. In sections which cut the optic nerve

obliquely, so that only a small part appears in a section, this

may very easily appear to be the case, but if a section cuts

the mantle exactly in the plane of the optic nerve, so that a

long stretch appears in one section, it will be seen that the

real state of things is somewhat different. At irregular

intervals nerves pass radially through the mantle- lobes

(between the radial pallial muscles) from the visceral ganglion

to the circumpallial nerve (PI. 7, fig. 2, Circ. N.). Some of the

fibres of these nerves pass into the latter, but at certain places

(below the eye-stalks) the bulk of the fibres pass round the

circumpallial nerve (on the shell side of it, PI. 7, fig. 2),

touching it, but not entering it, and these innervate the eye.

Some fibres appear also to leave the circumpallial nerve and

to enter this optic nerve, but it will be evident that most of

the nerve-fibres come directly from the visceral ganglion.

Now the visceral ganglion of Pecten is extremely compli-

cated in build and I think unique among the Lamellibranchiata.

No details will be given here, since a paper is being prepared

on this subject, but it will be seen from the figure (text-

fig. 1) that there are several lobes, of which two lateral

ones are very conspicuous. From these radiate out on either

side the pallial nerves {Pall. N.). The ganglion is asym-

metrical, the left lateral lobe being larger than the right, and
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it is from these lobes that the nerves arise which innervate

the eyes. It is interesting, therefore, to observe how the

development of the eyes has affected the ganglion, for in P.

jacobaeus and P. maximus, where the number of eyes on

the left mantle-lobe exceeds that on the right, the left lateral

lobe of the visceral ganglion is considerably larger than the

right, especially in the former species, whereas in P. oper-
cularis, where the number of eyes is more equal on both

sides, the left lobe is but slightly larger than the right.

Probably the presence of both lateral lobes is due in the first

instance to the great development of pallial structures.

Text-fig. 1.

-Pall.N.

1.

The retina of Pecten is of the inverted type, that is (like

the vertebrate eye), the recipient bodies, the rods, are directed

towards the tapetum, and away from the source of light

(text-fig. 2). In addition to this feature we have a com-

plexity only paralleled in a few cases in the invertebrata

(and even then without the inversion), for there are two

series of recipient cells. Inversion occurs in the Platyhelmia,

though the eyes are much simpler than the Pecten eye. In

the Lamellibranchiata the eyes are either absent or much

more simple as a rule than the eye of Pecten, but we have as

a matter of fact the two eyes most like the one we are con-

sidering in this group, namely, the pallial eyes of Spondylus,

which are practically the same as Pecten, and the eyes
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(siplional) of Cardium. In both cases there are two series o£

recipient cells and the retinas are inverted.

There are some interesting analogies; thus, for example,

the ocelli of Agrion (a dragon fly) possess a retina which has

also two series of recipient cells very like the rod-cells with

rods and the distal cells of Pecten, but there is no inversion.

Text-fig. 2.

O^.y efitK N<.YVt,)>roi,i"aHvcLrrk Ob.i, J)isW Orwdv o| tKhc He/i^t

We are also familiar in the vertebrate eye with two kinds of

recipient structures—the rods and cones—though these bodies

are situated in practically the same layer (Bernard [36] has,

however, stated that in Amphibia the cones are earlier stages

in the development of new rods).

When all things are taken into consideration the eye [of

Pecten and also of Spondylus appears a very remarkable



102 . W. J. DAKIN.

development, especially for a Lamellibranch, and the com-

plexity of structure, together with the large number of eyes,

has been a difficulty felt by most writers who have sought for

an explanation of these organs. Patten put forward an

extraordinary theory, calling the eyes " heliophags." It is

hardly necessary to go into this here, since a criticism

appeared in the ' Quarterly Journal of Microscopical Science,'

vol. 27, which may be referred to.

The eyes have shown no evidence of being phosphorescent

oi'gans, though I have observed and stimulated them at niglit

and in the dark. A shadow thrown on to the eyes of an

open Pecten causes a closure of the valves, and this reaction

usually takes place very rapidly, though very often the per-

ception of light stimuli does not appear to be any better than

by Area with very simple eyes or others with pigment spots.

If, however, the shadow thrown on to a Pecten does not

extend over a number of eyes there appears to be no reac-

tion, and, just as Rawitz observed some time ago, a small

object quite near produces no effect unless its shadow falls

on a large number of eyes in quick succession. No evidence

of accommodation could be obtained experimentally. Further-

more, it is hardly possible to correlate the presence of these

structures with the active habits of the animal, e.g. swim-

ming, for Lima swims just as well as Pecten, but has ex-

tremely simple eyes. Again, Spondylus has eyes practically

identical with those of Pecten, but does not swim, and the

same thing applies to the only other Lamellibranch with an

eye approaching that of Pecten in structure, namely Cardium.

In the latter case the eyes are confined to the tentacles of the

siphons. It would be interesting to determine by biometric

methods whether these organs were still being kept up, or

were degenerating, especially in forms like P. Jacob a3us

and P. maxim us, where there exist very small eyes side by

side with the large ones.

These may be growing, or they may be eyes which have

retained their young form, have not grown, and will not

grow. They agree with young eyes in structure. The
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variation, however, in specimens of the same size renders the

examination of a large number a necessity, and I have been

unable to obtain a fraction of that number. It is possible

that P. jacobin us and P. maxim us are more highly

developed forms than P. opercularis and P. varius, for

they possess no byssus, though the gland is present and they

have passed thi-ough a byssus stage, and the retractor muscles

of the foot, of which one is left in P. opercularis, are even

more vestigial in P. maxim us. If these two forms are con-

sidered older we find that there has been a reduction in the

number of the eyes, for they are more numerous in P. opercu-
laris, P. tigrinus, and other smaller forms, and this reduc-

tion has then taken place to a greater extent on the under

convex valve than on the upper flat one. The increase in

convexity and difference betw^een the two valves, reaching a

maximum in P. jacobasus, has been accompanied by a

reduction of the eyes on the convex mantle-lobe both in

number and size. These are, however, only hypotheses.

The large number of eyes present is probably to be accounted

for by the reason put forward by Rawitz, namely, that the

actual recipient area in each eye is small, that oblique rays

are cut off, and that in life the eye-stalks remain still; a

large field of view is therefore only possible witli numerous

eyes.

The presence of two series of recipient elements has not

been explained by previous writers and has in fact been

usually passed over. No experiments have enabled me to

state anything definitely about this, except that, as already

mentioned, there appears little evidence of accommodation.

It might be advisable to point out here that the removal of

an animal like Pecten from the dim regions at the bottom to

the daylight and shallow water of the aquarium has possibly

an injurious effect, and pi-obably it would be a delicate com-

plicated structure like the eye that would suffer most. Hence

it may be that our aquarium experiments are almost useless

in this respect.

L The presence of the distal layer of sense-cells as well as
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that of the rod-cells and rods may be a device for increasing

the area of the recipient elements without increasing to any

extent the size of the retina, but more probable is perhaps

the following view. There has not yet been definitely proved

to exist any special apparatus for accommodation in the eye

(though Hesse's theory has not been disproved). Now
it may be that the two layers of recipient cells are for

the reception of images of objects situated at different

distances from the eye, which are focussed at different

distances from the lens. Thus the image of near objects

would be focussed on the rods and that of distant objects on

the outer distal cells. A similar condition would apply to

the ocelli of Agrion, and, in fact, Hesse describes such (35),

but adds, " Ich kenne nirgends eine iihnliche Pjinrichtung."

In the Heteropod eye there also appears to be a device for

the reception of rays from objects at different distances from

the eye. There is, however, only one series of cells, but the

free ends bearing the comb- like margins are turned so that

they are at right angles to the plane of the retina, and some
are nearer the lens than others.

The development of the Pecten eye still remains incom-

pletely known, and Patten's observations need confirmation.

The derivation of the various layers will certainly throw

much light on the structure of the adult eye and the inversion

of the retina. Unfortunately the material for such a research

is somewhat difficult to acquire as all the elements are formed

in extremely young specimens, and I have been unable there-

fore, so far, to follow out this line of inquiry.

It will be perhaps useful if the most interesting features in

the general structure of the Pecten eye are summarised here

and a few comparisons made with other eyes, which may bear

some resemblance to the former. The eye is a closed vesicle

;

there is a cellular cornea continuous with the surface epithe-

lium, and below this a cellular lens. The retina is made up

of two series of recipient cells innervated by two branches of

an optic nerve. The cells of the distal layer have each a

comb-like margin, and the proximal visual cells bear rods
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with an axial neurofibril. The retina is of the inverted type.

The eyes are not cephalic, but occur on the mantle-lobes.

There is no ground whatever for placing the Pecten eye in

the same class as the vertebrate eye, for the resemblance is

very superficial, and though the retina is inverted in both

cases this has been produced in very different ways. If we

consider Biitschli's observations as correct the retina of the

Pecten eye has been formed from an invagination of the ecto-

derm, which forms a closed vesicle cut off from the surface.

The distal wall of this gives rise to the retina, and the

proximal to the pigment layer.

Amongst invertebrate eyes that of Spondylus is the only

one that can be safely homologised with the Pecten eye.

The structure of these organs is identical but for one point, a

layer of cells in Spondylus takes the place of the non-cellular

septum of the Pecten eye. The eye of Cardium can also be

homologised, though with less certainty. There is a cellular

lens, an inverted retina with two series of recipient cells, and

also layers corresponding in position to the tapetum and pig-

ment layer of Pecten. There is, however, another layer (the

choroid) interpolated between the retina and tapetum, which

may be taken as equivalent to the interstitial cells of the

Pecten eye.

These are, so far as I am aware, the only vesicular eyes

occurring in the Lamellibranchiata.

In the highly organised cephalopod eye we do not meet any

resemblance to the Pecteu eye, except that the visual cells

bear rods with an axial neurofibril like thesfe recipient struc-

tures in the latter. There is a single layer of recipient cells

directed towards the light, and the lens is not cellular and

arises quite differently from the lens of the arthropod eyes.

Amongst the Polychgeta there are some highly organised

visual organs, in particular those of the Alciopina, ex. Alciopa

and Vanadis, and the large and complex organs of these

forms have been studied in detail by Greeff and Hesse. The

eye takes the form of a closed vesicle as in Pecten, the free

pole being formed by a cellular cornea, a continuation of the
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general epithelium of the body-wall. The inner wall of this

optic vesicle is, however, also made up of a layer of cells,

which though forming a complete hollow sphere, are differen-

tiated in three regions, in structure and function. Those

cells immediately under the cornea just spoken of are low and

form a second and inner cornea. The cells lining the proximal

lialf of the optic vesicle are the retinal cells, and between this

area and the inner cornea the cells are again different and

contain pigment.

There is only one series of recipient cells in the retina, and

they bear rods which resemble those of the Pecten eye and

contain a very distinct axial neurofibril. They are, howevei*,

directed towards the lens, that is, not inverted. The lens is

spherical and non-cellular, and another difference from the

eye of Pecten is produced by the presence of a vitreous body

between lens and retina.

There are several interesting arthropod eyes that may be

briefly referred to. The ocelli of Cloeon (one of the May-

flies) are distinctly peculiar and are superficially rather like

the Pecten eye, but this resemblance is due to the dioptric

part of the eye, and not to the retina. We have again a

closed vesicle. The cuticle extends over the cornea, but

remains thin and does not form a corneal lens. The hypo-

dermis forms a cornea similar to that of Pecten. Under this

cornea and lying in the optic vesicle is a cellular lens

strikingly like that of Pecten and altogether unlike other

ai'thropod eyes. The retina is made up of two layers of cells,

but the distal ones are not visual and the proximal ones

forming the retina proper are not inverted.

Another interesting arthropod eye is the ocellus of Agrion.

This bears some resemblance to the Pecten eye in the fact

that there are two series of recipient cells in the retina.

They are, howevei", not inverted. The distal part of the

optic vesicle is quite different, and the chitinous exoskeleton

or cuticle is thickened over the free surface, forming a

corneal lens. This is a monomeniscous arthropod eye there-

foi'e, and the arrangement of the retinal cells is interesting.
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The distal layer of sense-cells lie touching the lens, almost

like the outer cells of Pecten touch the septum.

A striking difference from the Pecten retina is, howevei-,

present which lends at the same time support to the view of

Leydig, upheld by Lankester in 1883, namely that the com-

pound ej'e is formed by the segregation of the elements of a

simple eye, and this is the segregation of the retinal cells.

The visual cells do not remain, as in the Pecten eye, alto-

gether independent with their recipient ends directed towards

or away from the lens, but bear a comb-like mai^gin of

neurofibril endings laterally aud are collected in groups

of threes, each group being a retinula. Thus we have a

monomeniscous eye with a retinulate retina, the whole being-

very different from the Pecten retina except in the one point

—the presence of visual cells arranged in two layers.

The central eyes of the Scorpions may finally be mentioned

here. These are also monomeniscous and present a far

greater resemblance to the Pecten eye than appears at first

sight. They are vesicular, though the cavity of the vesicle

has disappeared and the retina is inverted, though, owing to

a secondary reversion during development, this is not

obvious.

The eyes are developed from an involution of the hypo-

dermis or ectoderm, which, however, does not lie vertical to

the surface. The outer wall becomes thickened and forms

the retina; the inner wall remains thin and represents the

post-retinal layer of ectoderm cells in the adult. This is

strikingly like the process in the Pecten eye where the

inner wall becomes the pigment layer. The retinal cells

are of course inverted. The nerve-fibres are attached to

the outer ends of these cells in the embryo, but, owing to

reversion in the course of development, become connected

to the inuer ends in the adult eye. In the course of these

changes the optic nerve must penetrate the post-retinal

layer, and this has been shown by Ray Lankester and

Bourne (46) to be the condition actually prevailing in the adult.

Beyond this remarkable similarity in development the eyes
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are very different : there is a retinulate retina of one layer

of recipient cells which are segregated in groups of fives,

and the dioptric part is again represented by a corneal lens.

It will be seen, therefore, that no eye outside the Lamelli-

brancli group presents anything but isolated features of

resemblance, and the only common structures appear to be

the general occurrence of rods with axial neurofibrillae or

visual cells with a margin of cilia-like processes arranged

like the teeth of a very fine comb, and these margins may
form rhabdomes.
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EXPLANATION OF PLATES 6 axd 1,

Illustrating' Mr. W. J. Dakiii's paper on "Tlie Eye of Pecten."

List of Reference Letters.

Ax.f. Axial fibril of rods. B. tn. Basement-membrane. Circ. n.

Circumpallial nerve. Cent. Centrosome of lens-cells. Co. Cornea.

Co. S. Sub-corneal connective tissue. Con. Connective tissue of eye-

stalk. Cut. Cuticle. D. S. Distal sense-cells. D. Su. Nuclei of distal

sense-cells. Eye. Eye. 1. 1. C. Inner interstitial cells. L. Lens. L. C.

Lens-cells. Lac. Blood lacimas of eye-stalk. L.f. Muscle-fibres on

distal surface of lens. M. Mantle. M.f. Muscle-fibres of connective

tissue of optic vesicle. M. If. Muscle-fibres of lens surface. Mus.
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Muscles of eye-stalk. M. Ret. Mai-ginal area of retina. N. Lf. Nuclei

of muscle-fibres of lens sui-face. nuc. Niicleus. 0. I. c. Outer inter-

stitial cells. Oj9. D. Distal branch optic nerve. Op. Ds. Slieath of

distal nerve. Op. N. Optic nerve. 0}^. P. Proximal liranch optic

nerve. Op. P''. Fibres (separated) of proximal branch of optic nerve.

P. man. Pigment-mantle. Pg. Pigment-layer. E. C. Rod-cells.

R. C. n. Nuclei of rod-cells. R. mat. Rod-matrix. Rod. Rod. S. m.

Pseudo sieve-membrane (see text). Sc. Modified connective-tissue wall

of optic vesicle. Sep. Septiim. Ta. Tapetum. ta. c. Pigment layer

concretion. V. Velum.

PLATE 6.

Fig. 1.—Section through eye-stalk and eye, P. maxim us, in a plane

at right angles to that of the mantle surface ; the right side of the

figure represents the shell side of the eye. The various parts, lens,

retina, etc., have been drawn with the camera lucida, but from different

pi-eparations, each showing Ijest the part drawn, x 270.

PLATE 7.

Fig. 2.—Diagrammatic section through both mantle-lol^es of P.
jacobseus, illustrating the course of the nerves and difference in size

of the eyes. The left mantle-lobe is to the left in the figure.

Fig. 3.—Upj)er surface of cornea, P. maxim us. x 1000.

Fig. 4.—Transverse section of coi-neal cells at about the middle of

their height. P. maximus. X 1000.

Fig. 5.—Isolated cells from the lens. P. maximus, maceration in

chloral hydi-ate solution, x 570.

Fig. 6.—Lens-cells as seen in sections. h. Normal cells from

Hermann-sublimate fixed specimen, P. varius. a. Cell from same
specimen with large nucleiTS. Stain iron hsematoxylin. d. Cell from
lens fixed in von Rath's fluid, x 660.

Fig. 7.—Transverse section cutting layer of filjres between lens and
subcorneal tissue. The fibres and cells are stained red with Mallory's

connective-tissue stain, the subcorneal tissue blue. P. tenuicostatus.

X 310.

Fig. 8.—Filjres between lens and subcorneal tissue ; attached to the

latter in a maceration preparation (chromic acid). P. jacobseus.

X 300.

Fig. 9.—Cells and nuclei between lens and subcorneal tissue, as seen

through the cornea, which has been teased from an eye fixed in Zenker's

fluid. Iron hsematoxylin. P. maximus. x 330.
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Fig. 10.—Transverse section of cornea and subcorneal tissue of

P. Jacob ajTis (Bielschowsky-Paton method). X 650.

Fig. 11.—Isolated cells from distal surface of lens. P. maximus,

chromic acid maceration. X 330.

Fig. 12.—Transverse section of cornea and pigment-mantle of

P. tigrinus. Fixed Zenker, stained Mallory. X 300.

Fig. 13.—Schematic view of retinal elements, reconstructed from

sections and macerations. The two left-hand rod-cells are shown in

external view, from macerations, and the two right-hand ones in section.

X about 920.

Fig. 13a.—Distal ends of two rod-cells (chromic acid maceration).

Fig. 14.—Rod-cells with i^artly broken-up rods, showing the bristle-

like appearance of axial fibre. P . m a x im u s (chromic acid maceration)

.

X 900.

Fio-. 15.—Isolated interstitial supporting cells from retina ; a and h

are two outer interstitial cells. P. maximus. Chromic acid and

chloral hydrate macerations. X 900.

j^jcp. 16.—Transverse section of distal sense-cells and outer inter-

stitial cells. Mallory's connective-tissue stain. P. maximus. X 940.

Fig. 17.—Transverse section of rods and rod-matrix. P. jacobaeus.

Fixed Zenker, stained by modified Weigei-t method. X 800.

Fig. 18.—Distal branch of optic nerve, breaking up into branches on

sin-face of septvmi. P.jacobseiis. From teased preparations. X 250.

Fio-. 19.—Tapetum in surface view. From sections. The large circle

shows relative size of a rod-cell in section, x 1600.
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Observations on certain Blood-parasites of Pishes

occurring at Rovigno.

By

Prof. 'E. A. iniiicliin, lYI.A., and H. JTI. ll^'oodcock, D.Sc.

With Plates 8-10.

The objects of this paper are twofold. The first is the

description of a hsemogregarine and a trypanosome occur-

ring in a species of Trigla (T. lineata), which is a common
gurnard in the Northern Adriatic. We are unaware of any

published observations of blood-parasites in this fish, and we
regard the hfemogregarine as a new species, for which we pro-

pose the name Haemogregarina rovignensis. Neumann,
in his recent account of haamatozoa of marine fishes at Naples

(15), mentions the occurrence of a trypanosome which he

names T. triglse in another species of Trigla, namely, T.

corax. It is not at all improbable that the trypanosome

we have found is the same species as that described by
Neumann ; we therefore do not propose to give it a new
specific name.

The second object that we have in view is the comparison

of the minute structure of the nucleus of the above-named

haemogregarine with that of the trophonucleus of a trypano-

some. For this purpose, as the trypanosome of the Trigla
is very rare in our material, a trypanosome which occui-s in

much greater abundance in skates (Raia, sp.) in the

neighbourhood of Rovigno has been selected. This form

is most probably T. raise Lav. and Mesn.

With regard to the technique, permanent preparations were

made according to both the principal methods in use. Smears

VOL. 55, PART 1. NEW SERIES. 8
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on slides were fixed in osniic vapour^ for half a minute and

then placed in absolute alcohol for ten minutes or so. 'J'hey

were stained with (xiemsa's solution in the ordinary manner

for two and a half to three hours and afterwards differentiated

with orange-tannin and acetone. Smears on cover-slips, on

the other liand, were at once dropped face downwards into

sublimate-acetic mixture or Scliaudinn's fluid for fixation,

after which they were brought up to 90 per cent, alcoliol.

These smears were stained either with iron-haematoxylin or

with Twort's stain and finally mounted in balsam. Fuller

details regarding this mode of procedure will be found in

Mincliin (11), the method there described being that followed

in the present case. The figures of the luvmogregarine are

all drawn to a mngnification of 3000, those oF the trypano-

somes to a magnification of 2000. We are indebted to Miss

Rhodes for drawing the greater number of the figures and for

colouring nearly all, and take this opportunity of expressing

our thanks to her.

I. H.F.MOGREGARINA ROVIGNENSIS, N, SP.

(Figs. 1-28, 39-50, and 58-62.)

This parasite was found on three occasions in the early

spring. In the three gurnards in which it was seen it was

not nt all infrequent in the blood, as we have since learnt by

the study of stained preparations. The parasite, chiefly in its

small intra-cellular form, was observed in the living condition

in cover-slip preparations of fresh drops of blood, but only

with difficulty, since it was not readily distinguishable from

the cytoplasm of the blood-corpuscle. When made out with

certainty it was seen as a small oval area, somewhat clearer

and paler than the surrounding cytoplasm. Xo prominent

refractile granules were noticed, nor could the nucleus be

made out satisfactorily. We did not observe any alteration

' A 4 per cent. sohTtion of osmic acid was used, to which a drop or

two of acetic acid had been added.
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or movement in these intra-cellular forms so long as they

were kept under notice, but in a few of the living preparations

one or two small foi'ms were seen free. These in all proba-

bility corresponded to the small intra-cellular parasites. They
appeared as sausage-shaped bodies very slightly curved. One
third or so of the body was granular in character ; this prob-

ably was the region of the nucleus (cf. description of fixed

and stained parasites below). They underwent no active

displacement, and it was difficult to feel sure whether they

really moved or altered in shape at all or not. Now and

again the concavity would appear to lie first on one side of

the body and then on the other, and now and then the body
would stand on one end, appearing in transverse optical sec-

tion as a round globule; but these changes were extremely

slow, and may have been due to passive rotation of the vermi-

cule, caused by very delicate currents in the blood-plasma at

that spot, not sufficient to disturb the corpuscles. As we did

not see any intra-cellular forms actively liberating themselves

fi'om the corpuscle, it may possibly be that these free indi-

viduals were accidentally liberated by the rupture of the

corpuscle during the process of manipulation, which would

explain their apparent immobility. In the stained smears

only one such free form has been found (fig. 3).

In most of the permanent preparations made only a little

searching with the oil-immersion lens is required to find a

htemogregarine. The parasite does not appear to be in quite

the same period of its development in all three gurnards. In

gurnards 1 and 3 the htemogregarine is present chiefly or

almost entirely in the one phase—the small type. Large

forms (see below) do occur, but they are evidently very rare.

Two or three individuals of the latter type have been found

both in the general circulation (fishes 1 and 3) and in a

smear from the kidney (fish 1), but they have not been

observed in smears from the liver or spleen, and no other

phases have been seen in any of the organs. In fish 2, on

the other hand, in which the parasites are rather more

numerous, besides the small forms many large forms occur
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in the general circulation, and these belong to two distinct

types. Most unfortunately, as it has turned out, no smears

from the organs were made in the case of this fish.

Considering first the relation of the parasites to their host-

cells, we find that nearly always a single individual is present

in a blood-corpuscle. Instances of a double infection occur,

but they are very rare ; we have only noticed two. In these

cases two small forms lie side by side in onehalf of the corpuscle,

the nucleus being displaced to the opposite end (fig. 27).

The only effect which tlie parasites appear to have on the

corpuscles is a mechanical one. In no case does the haemo-

gregarine attack the nucleus or cause its hypei'trophy or other

degenerative effect.' In corpuscles infected with the small

forms the nucleus is generally displaced to one side (cf. figs.

1, 2, 16, 17). In the case of the large forms, the nucleus of

the host-cell is often displaced quite to one side, lying at the

periphery of the corpuscle (figs. 18-26). It may be slightly

flattened or compi-essed (figs. 18-20), but shows no other sign

of alteration.

In a few cases indications of the presence of a delicate

membrane or envelope around the iutra-cellular parasite

appear to be furnished by the stained prepai-ations in a rather

interesting manner. Usually no signs of such a structure

can be detected; even where, as occasionally happens, the

parasite has shrunk slightly from the enclosing corpuscle,

leaving a clear space around itself, it cannot be said, as a

rule, that a definite sheath is apparent. But now and again

the stain is deposited in a marked manner in the protoplasm

of the corpuscle immediately around the parasite, which

points to the existence of a layer of somewhat altered

character, acting as a hindrance to the further penetration of

the stain. This is especially well seen in those cases where

the cytoplasm of the pai-asite happens to have partly or

entirely shrunk (as in figs. 6, 39), leaving a deeply stained

line bordering the outer edge of the clear space. We have

noticed this appearance occasionally around both the small

' Hence this parasite does not belong to the genus Karyolysns.
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forms and the large ones of the wide type (fig. 11), but it is

not shown clearly in the case of the large forms of the narrow

kind, perhaps because the deeply stained cytoplasm of these

individuals renders it less apparent. We regard this sheath

as probably in the nature of a cytocyst, i.e. an altered layer

of the blood-corpuscle.

1

In describing the structure of the parasites we may begin

with the small forms. These show, on the whole, great

uniformity in size and appearance. The body is nearly always

oval in shape, either a fairly regular oval (figs. 39-42) or slightly

pyriforu], the half in which the nucleus lies being in this case

somewhat narrower than the other half, and the end less

broadly rounded (figs. 2, 8, 16). The average size of these

small individuals—the mean being taken of several measure-

ments—is4"8yu in length by 2*3 /.t in greatest width on " wet"
smears (sublimate-acetic mixtures, iron-h^matoxylin), and
4'9^ in length by 2*4 ju in width on " dry ^' smears (osmic,

absolute alcohol, Giemsa). We regard the above figures as

representing, as nearly as possible, the true or correct average

size of this phase. The largest ''normal" dimensions noticed

are 5*2 ^u by 2*6/^, and the smallest 4*4 /x by 2*2 ju. We add

"normal" because it is interesting and instructive to note

one or two instances which well illustrate the considerable

variation in this respect, which may be caused solely by the

technique. One of them- is afforded by an extremely thin,

'• dry " smear in which both corpuscles and parasites are

greatly flattened out and consequently enlarged. On this

smear the apparent average size of the small form is 5*6^

by 3 ju, and some individuals measure as much as 6'2 /u by

3*3^. On the other hand, in a particular "wet" smear

(Schaudinn, Twort) both corpuscles and parasites are uni-

formly smaller than the normal average on other films made

^ We have observed nothing so well marked as the capsule, with lines

of rupture, described by Sambon and Seligmann, for instance, around
certain liajmogregarines of snakes (21).

- It is, i3erliaj)s, scarcely necessary to mention that tliese cases are

not included in the aljove " standard

'
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at tlie same time. Here the average is only 4'2/u by 2'2 /ii

(cf. figs. 58, 60, 61). We are rather at a loss to account for

this case, but it seems evident that shrinkage must liave

taken place sojnetime during the manipulation.

In the small type of the parasite the nucleus is relatively

large. As already mentioned, it is genei'all}'' situated entirely

in one half of the body and near one end, but now and then

it occupies a more median position (fig. 5). In Giemsa-stained

preparations the nucleus appears to take up quite half the

body, or even more, and to occupy its entire width or even to

bulge out slightl}' at the sides (figs. 1, 2, 7). From prepara-

tions stained with iron-htematoxylin, howevei-, it is apparent

(cf. figs. 39-45) that in the former smears there is a certain

amount of artificial enlargement, due to the characteristic

overloading with the stain which so detracts from tlie value

of the Romauowsky method. We reserve a detailed descrip-

tion of the structure of the nucleus until later, when we
com])are it with that of a trypanosome. The general cyto-

plasm appeal's fairly homogeneous in character, and with the

exceptions to be mentioned, is usualh- devoid of granules. A
conspicuous vacuole is frequently present; this lies about the

middle of the body, generally close to the nucleus. In

Giemsa smears it is sharply defined, because the cytoplasm,

as a rule, is distinctly stained, eithei" purplish or bluish in tint

(figs. 1, 8, 16, 17) ; but in irou-ha?matoxylin preparations it

is often difficult to make out, probably owing to the fact that

the cytoplasm of the parasites in these smears is itself very

pale and scarcely stained at all ; sometimes, however, it is

well seen (fig. 40). Rarely the cytoplasm contains two or

three vacuole-like areas, Avith less sharph' defined limits (cf.

figs. 2,41).

The most striking feature in the morphology of the para-

sites, as brought out by iron-ha?niatoxylin, is afforded by one

or two large granules, Avhich take up this stain with intense

avidity (cf. figs. 39, 40, 43, 46). They are often present, but

not always (figs. 41,42). When they occur these granules

are by far the most prominent objects in the body, appearing
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always larger and much blacker than the chromatic grains of

the nucleus. The granules are of about the same size whether

two are present or one. They are always distinctly outside

the nucleus, lying usually close to it, however, about the

middle of the body. They were first noticed in the iron-

haeraatoxylin preparations, and we surmised at first that they

might correspond to part or all of the conspicuous vacuolar

region seen in Griemsa smears, but have found since that this

is not the case. In some individuals both grains and vacuole

are seen to be present (figs. 1, 13, 16, 40). Sometimes one of

the grains appears to lie in the vacuole, but we think that,

in such a case, the grain is really outside the vacuole, lying-

above or below it instead of at the side (cf. especially fig. 43,

Avhere oue grain is at the side, the other apparently in the

vacuole). Although the grains (or single grain) usually lie

close to the vacuole, this is not always so; for instance, in

the parasite drawn in fig. 46 the grain is well removed from

the nuclear zone, while in fig. 39 it is on the opposite side of

the nucleus, near the other end of the body.

Turning next to Giemsa smears for indications of these

grains, we have found that there is often considerable difficulty

in i"ecognising them with certainty. This is chiefly because

none of the individuals show any signs of bodies which have

taken up the Giemsa stain in the same intense manner in

which the above-described granules stain with iron-hsema-

toxylin. In individuals which do show granules that can be

reasonably identified with tliose, the granules are markedly

smaller in size. Hence care has to be taken not to be misled

by stray, reddish-staining grains of the ordinary chromatoid

character, of which occasionally one or two are present in

the cytoplasm. Making all possible allowance for such, we

do nevertheless find in some parasites one or two definite

granules, situated close to the cytoplasmic vacuole, in a posi-

tion similar to that often occupied by the granules in the iron-

hsematoxylin smears, which there can be little doubt actually

correspond to those bodies. They stain dark-reddish in most

smears, about the same colour as the chromatin-masses of
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the nucleus, whereas isolated chroinatoid grains are a fainter

red. Figs. 16, 17 show instances of which we feel fairly

sure, as also figs. 4, 25 of a large form. In the latter the

two granules contrast distinctly with the mass of chromatoid

substance, of which we have more to say below. Their posi-

tion in this case, some distance from the nucleus, agrees

closely, it will be noticed, with that of the one grain in the

iron-ha3matoxyliu individual drawn in fig. 49. On the specially

thin smear, already alluded to, which was only lightly stained,

most of the parasites show no signs of these granules ; only

in one or two individuals is a round, faintly pink-staining

body present, which probably represents one (figs. 8, 9).

There is another point to mention in this connection. In

Giemsa-stained smears, parasites which show these granules

clearly are much scarcer than in iron-ha.'matoxylin smears. The

explanation is probably as follows : To judge from the iron-

hajmatoxylin smears, in certain of the parasites the grains (or

grain) are more or less separated from the nucleus (cf . figs. 44,

46, 49), but in others they are close to it and may be in

contact with it. Hence in the Giemsa films, where the nucleus

is so obviously enlarged by being overloaded with stain, the

granules may be swamped, as it were, and not distinguishable

from the nuclear mass. We may expect, therefore, to be

able to recognise them only Avhere they are well out of the

nuclear zone.

Since the granules appear distinctly smaller in Giemsa-

stained preparations than they do in iron-haematoxylinones, it

is most likely that the former depict more nearly the true size,

and that in the latter there is some overloading, due to the

strong affinity the granules have for the irou-hjematoxylin

stain. This is rather important in considering the significance

to be attached to these bodies. For if they were of chromatin

in the ordinary sense—like the grains and masses in the

nucleus—we should expect to find them apparently quite as

large in the Giemsa smears as in the iron-ha?matoxylin ones;

since, as is well known, the Romanowsky stain is deposited

most heavily in and around chromatic structures, with result-
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ing enlargement of size (cf ., for instance^ the kinetonucleus

of a ti-ypanosome). The fact that this is obviously not the

case here suggests that the granules are not chromatic

structures.

In this couuection certain of our Twort preparations are very

instructive. As has been shown by Minchin (I.e.) the Twort

stain is in one respect superior even to iron-haematoxylin,

in that chromatic elements can be distinguished from others

by the fact that they alone stain red, everything else being-

green. These particular Twort smears were examined soon

after being made to see if tliey showed granules corres-

ponding to the ones we had ah'eady found in iron-hsematoxylin

films. In several individuals one or two granules were seen,

which we regarded as those for which we sought. They

were small, however, and not particularly conspicuous. They

were very faintly stained red, nothing like so deeply or

sharply as the grains in the nucleus. Some of the individuals

showing these granules were noted aud sketched at the time,

and then the smears were put aside to work out on our return

to England. On finding the same parasites again recently,

in order to draw them, we could no longer see the red

granules in any of the individuals marked. All signs of

them have vanished, although the red of the nucleus has not

faded at all. In one or two cases, however, in about the

position which was occupied by the red granules (according

to our sketches), small rounded areas, somewhat diffuse in

outline, can be made out, staining a rather deeper green

than the surrounding cytoplasm (cf. fig. 59). It may be

that these greener areas mark the position of the structures

which stain so intensely with iron-hgematoxylin. In the great

majority of the individuals stained with Twort, however,

the body is uniformly pale green in colour, and cannot be

said to show any indications of the granules.

To sum up, we regard the above-described characteristic

bodies as composed, at any rate, chiefly of achromatic material.

Our opinion is based on the one hand upon a comparison of

their staining reactions to iron-liEematoxylin and to Giemsa, and
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on the othei- hand upon the fact that they show very little, if

any, real affinity for the neutral red of Twort's stain. It may
be pointed out that, besides tlie facb of their being frequently

double, these grains differ from kinetonuclei in their staining

reactions. After Griemsa, tliey appear only reddish and have

not the characteristic dark purple or almost black colour

associated with true kinetonuclear elements; compare, for

instance, the intensely staining chromatic grain described by
Woodcock (23) in the case of a Halteridium of the

cliaffinch, which is (|uite distinct from the ordinary nucleus.

Again, their appearance after Twort's stain shows no resem-

blance at all to that of kinetonuclei. With regard to the

staining of these grains by Twort and ii'on-luomatoxylin, one

of us (E. A. M.) has found an interesting parallel in the case

of the blepharoplast (basal granule) of the flagellum of Try-
panosoma lewisi. In the multiplying (not the adult)

forms of this pai'asite the blepharoplast appears after Twort's

stain as a diffuse green patch, but after iron-haematoxylin it is

seen as a definite black granule. This comparison suggests

that the grains seen in H. rovignensis are centrosomic in

nature, but apart from the above facts we have no further

evidence to bring forward in support of this conclusion.^

We pass now to the consideration of the large forms of the

parasite. These are, as already mentioned, of two distinct

types : (1) Long, comparatively slender individuals, often

slightly curved or bow-shaped, which possess a small nucleus

(figs. 18-21) ; and (2) broad forms, oval or bean-shaped,

which have a much larger nucleus (figs. 22-26). In the wide

forms both ends of the hcemogregarine are generally similar

' We have noticed one or two references to the occurrence of bodies

in other liaMnogregarines. which uiny perhaps relate to a similar

organella. Thus Miss Roliertsou (18) describes and figures two large

oval "red bodies," staining red with Giemsa, in H. vittatae; and again

(19) she mentions the occurrence of an eosinophile body or vacuole,

beside which is a sharply staining grain, in a hsmogregarine from

Pleuronectids. Whether, on the other hand, the " Plastinkeme

"

described and figured by Prowazek (16) in H. platydactyli also

represent a corresponding body appears moi-e dou]:)tful.
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and more or less bluntly rounded. In the slender forms, on

the other haud, one half of the body is usually narrower than

the otlier and tapers towards its extremity, the opposite end

being bluntly rounded. The more pointed end may be curved

or partially bent up on itself (figs. 18, 21), this being most

likely due to limitations of space; the drawn-out corpuscle is

apparently incapable of being stretched to the full extent of

the length of these forms. (We have not seen any phases in

this parasite, it should be said, indicating- the development of

a definite U-form such as occurs in many hsemogregarines.)

The average size of the slender type is 12 ^u by 2-1 ju; and

individuals np to 14 /x long have been observed, the breadth in

this case being 2*2 ju. The stout forms average 10*6 ju by 3-4 /u,

and their extreme size is about 11 /t by 3-5 /x. The size of the

nucleus differs greatly in the two cases, and this is a constant

feature. In Giemsa smears the nucleus of the slender type

averages 2*6 /z by 1-7 jU and that of the wide type 4-8 ju by

2'9
// ; in iron-hgematoxylin preparations the former is 2"5 ju

by 1*4
fx and the latter 4 ju by 2-2 jn. In the slender forms the

nucleus is always in the narrower, tapering half.

The structure of the nucleus appears practically the same

in both the stout and slender individuals ; it agrees closely

also with the structure of the nucleus in the small forms.

The cytoplasm of these large forms, however, differs greatly

in character from that of the small parasites to judge from the

effect produced by the Giemsa stain. The difference is

especially noticeable in the case of the slender forms. Here

the broader half of the body (not that in which the nucleus is

situated) is nearly always more or less completely filled with

some substance which stains red, and which may indeed

appear at times almost as deeply and intensely stained as the

nucleus (cf . figs. 19, 21). Often the colour increases in depth

regularly towards the broad end, as if the substance which

attracts the stain were most concentrated in that region of the

body (fig. 18). From the effect produced by the Giemsa

stain it would seem as if the mass were of a finely granular

character and consisted of chromatoid material. Some of the
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wide individuals show little or no indications of this substance

(figs. 22, 2S), but in others the condition is present to a

greater or less degree (figs. 24, 25). It is never so prominent

as it frequently is in the slender type of form. It is some-

what remarkable that neitlier iion-hiematoxylin nor Twort
show anything at all corres])onding to this appearance so far

as can be seen. After Twort's stain the body of the large

form either appears finely granular and faintly tinted gi-een

(fig. 62) or else it is very pale, scarcely, if at all, stained (fig.

01).^ Yet it is quite evident that there must be something

more than merely the ordinaiy cytoplasm present to account

for the appearance seen after Giemsa.

We are inclined to doubt whether the characteristic granules

above described occur so frequently in these large forms as

they do in the small ones. They are not visible, for instance,

in either fig. 50, of a slender individual, or in fig. 48 of a

broad one. One granule is seen in the stout form of fig. 49,

however, and a couple in that drawn in fig. 25. Also in

the slender parasite in fig. 4 there are a couple, but this is

the only full-sized individual of this t^'pe in which we have

made them out with certaint\'. Fig. 45 represents a slender

form of intermediate size, and this shows a single prominent

granule.

Nearly all the individuals of the slender and broad types

appear to be full grown. We have been able to find, however,

two or three examples of what are undoubtedly young,

growing individuals of these forms. They occur in slides of

the series containing many of the large forms. Two young
parasites of the slender type are seen in figs. 12, 13; and a

young individual which would probably have developed into

a stout form is drawn in fig. 14. One of the slender forms

shows very conspicuously the two characteristic granules;

and in the small broad individual we think it not at all

' The shading, often irregular, of the iron-h£eiuatoxylin parasites in

figs. 45 and 49, for instance, is meant to indicate the slightly vaiying

thickness of the densely stained cytoplasm of the corpuscle lying over

the parasite.



BLOOD-PARASITES OF FISHES OCCURRING AT ROVIGNO. 125

unlikely that one or both of the grains at the edge of the

nucleus, on its inner side, may represent the same bodies.

Individuals which are somewhat larger, but still distinctly

intermediate in size, are seen in figs. 45 and 15, the former

being of the slender type, the latter of the broad type.

We have not found any other phases of the hsemogregarine,

besides those above described, in our preparations. In the

gurnards from which smears of the internal organs were made
the parasites happened to be nearly all small forms, and

large forms are very scarce. In these cases, although pi-e-

parations from the liver, kidney and spleen have been searched,

no signs of schizogony have been noticed.^ Perhaps if smears

had been taken from these organs in the case of the gurnard

in Avhich the large types of form are frequent, multiplication

phases of a particular kind might have been found.

It is important to note that we have never found any indivi-

duals of either of the large types free from the blood-

corpuscle. Further, in only a solitary instance has one of the

small forms been noticed free (fig. 3). This occurs on a smear

from the kidney. The parasite is not very vermicule-like,

and resembles the small intra-cellular type of form. This

scarcity of free forms quite agrees with our observations of

the parasites in the living condition (cf. above, p. 115).

General Considerations.

We have now to consider what is the sig-nificance of the

different phases observed, in what relation do they stand to

one another, and how do they compare with the known forms

of other htemogregarines ?

The ordinary small forms doubtless represent an early

1 The only possible indication of commencing schizogony which we
have noticed is found in two or three of the small forms in a prepara-

tion from the infected gurnard examined. The nucleus of the parasite

shows a constriction about the middle, which causes it to appear some-
what dimibbell-shaped (fig. 28). This may, perhaps, signify commencing
nuclear division, prior to fission of the parasite, but we do not feel at

all certain upon the point.
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stao-e of the infection, unci may be rej^arded as derived from

sporozoites wliich have penetrated the blood-corpuscle. They

are for the most part very uniform in size and appearance

and probably destined to become sciiizonts.

The large forms are, we consider, of two distinct types, and

not directly connected with one another—that is to say, an

individual of one kind, e.g. a broad foi-m of parasite, does

not pass into one of the other kind, the slender type, by a

process of elongation and simultaneous bending-up, such as

is described by Borner (4) in H. stepanowi; nor, on the

other hand, is the broad form to be derived from the slender

type by a pi'ocess of change comparable to that frequently

described among Reptilian ha^mogregarines, where a U-shaped

form gives rise, by the fusion of its two arms, to an oval or

bean-shaped form (cf., for example, H. tunisensis of Bufo
mauritanicus. Billet [2], H. bagensis of Emys leprosa,

Billet [3], etc.). Our reasons for regarding the two large

forms of H. rovignensis as independent are three : In the

first place, we liave noticed no transitional forms indicating

such a connection as just mentioned ; secondly, there is

always a well-marked difference between the nucleus of forms

belonging to these two types; and lastly, young individuals

of each typo are clearly distinct. We suggest that these

large forms show sexual differentiation, the slender type with

the small nucleus being of male chai-acter, and the stout form

with the large nucleus being of female sex.

With regard to their origin, it is very probable that they

have been developed from two forms of merozoites, smaller

and larger, for the young individuals of the slender or male

type in figs. 12, 13 are manifestly different from the other

small forms, and not likely to have arisen from them. There

is one point, however, in this connection which at first was

not at all clear. In the second gurnard examined (figs. 12-

14, 16-26, 44-50) the number of the young parasites found

belonging to the type which we regard as male is very small

indeed as compared with the number of the ordinary small

forms present, whereas about equal numbers of the full-grown
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parasites of both types occur^ and these are fairly plentiful.

We think the most probable explanation is that we have to

deal here with more than one infection. The great majority

of the small forms must be regarded as tlie early stages of a

new or recent infection ; the forms showing sexual differen-

tiation, on the other hand, belong, we think, to an older

infection. Most of them occur as adult large forms, and only

a few are to be met with as young or intermediate-sized indi-

viduals. The young parasites of the female type (belonging

to the older infection) are probably not very different in

appearance from the numerous small forms of ordinary type

(of the recent infection), and thus are only distinguishable

where they are beginning to grow into the stout type (fig, 14).

The two forms of merozoites, which give rise in time to the

large individuals, have doubtless been developed by a schizo-

gonous process,^ probably occurring in the internal oigans.

The large forms themselves must represent one of two

phases, schizonts or gametocytes respectively. If, according

to the first of these interpretations, we have here micro- and
macro-schizonts which will give rise again to a fresh series of

micro- and macro-merozoites, it is evident that sexual dimor-

phism is apparent throughout the schizogonous series of

generations (as is known to occur among certain Coccidia,

e.g.Adelea, Cyclospora), If, on the other hand, our

two types are micro- and macro-gametocytes respectively, we
have no indications with regard to the nature of the ordinary

schizogony (or fission) in this parasite, which may be very

likely all ot one kind, that is to say, " indifferent " in

character, with no sexual dimorphism manifest (as in many
Coccidia and all known Heemosporidia). In this case it will

only be in the last generation produced by schizogony that

sexual dimorphism appears, in the formation of Avhat are

really the young micro- and macro-gametocytes (cf. above).

Unfortunately, from our own preparations alone, Ave cannot

' The process is, perha^js, comparable to the formation of merozoites

of two sizes in cysts of Karyolysiis (cf. Labbe [5]). both as regards

the development and the significance of the small elements formed.
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pronounce definitely between these two views. When, how-

ever, vve compare tlie facts which we have learnt concerning

H. ro vignensis with what is known in the case of other

piscine haemogregarines, we are strongly inclined to consider

the latter view the correct one, and that the two distinct

types of form are micro- and macro-gametocytes. Fission or

schizogony is now known to occur in many piscine haemogre-

garines, and in most oF the instances described it appears to

be of one kind, no indications of sexual dimorphism being

mentioned (cf. H. bigemina, Laveran & Mesnil [6], H.
quadrigemina, Brumpt tt Leb. [9, tig. 8, p. 382], H.
simondi, Lav. & Mesn. [6], etc.). Neumann, in his account

of piscine hoemogregarines (15), regards the schizogony in

these instances as resulting in the formation of " gametes,"

but does not attempt to explain why only one kind is described

and figured. Further, in his account of H. poly par tit a

from Gobi us pagenellus, he regards similar crescentic

forms, four of which are developed in a blood-corpuscle,

also as ''gametes." He endeavours to show that these forms

exhibit sexual differentiation, but such distinctions as are

apparent in his figures seem to us to be due merely to slight

differences in size (or age) and in tint of colour (otherwise

degree of staining). We do not find anything approaching

the pronounced and constant differences, both in form and

in the size of the nucleus, which are shown by the large

types of H. rovignensis. We certainly consider the curved

forms of H. poly partita—equally with those of Neumann's

other new species, H. clavata—as " merozoites," probably

really '"indifferent" in character,^ and quite comparable with

those described in the above-mentioned parasites.

^ It is quite possible, of course, that in some liEemogi-egarines the

schizogonic forms exhibit sexual difPerentiation. Up to the present,

however, we do not consider this has been shown to be the case.

Wenyon (22) has figured " barillets " both of micro- and mega-mero-

zoites in connection with H. gracilis from the liver of Mabuia.

Certain of "Wenyon's figures suggest strongly the schizogony of a

Coccidian, and we think this explanation is not at all unlikely, both in
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There is another point which is of considei^able importance.

In all the above instances these long-, slightly curved forms

(adult merozoites) were readily observed free, as " vermicules,"

in smears as well as in the living- condition. This is quite

natural if, as we consider, tliese vermicules are ready to

penetrate a fresh host-cell, probably in an internal org'an, and

there give rise by schizogony to the sexually differentiated

forms. We think it will be useful to distinguish these free

individuals as schizokinetes, meaning thereby a tem-

porarily motile schizont.

In striking contrast to the above cases we have the entire

absence, so far as we are aware, of free individuals of either

of the large types of H. rovignensis, although the great

majority of them seem to be full-grown and mature. We have

no grounds whatever for thinking that these individuals

become free fx'om the corpuscle while still in the fish.

This difference in behaviour also points to these large forms

of the Trigl a -parasite being gametocytes and not schizo-

kinetes. On the supposition, which is most probable, that

the sexual process of these haemogregarines takes place in a

leech, these is no reason why we should expect to find gameto-

cytes liberated in the blood of the fish, because they are await-

ing the stimulus of the invertebrate host before being set free

from the corpuscles. We may compare in this respect other

intra-cellular blood-parasites, for instance, Halteridium,

Proteose ma, or Leucocy tozoon of birds, with which we
have had much to do. If a drop of blood containing these

parasites is taken and smeared quickly, scarcely any of the

ripe gametocytes present have ruptured the host-cell and

become rounded off. It is only when the blood is allowed to

cool for a short time in the living condition that the sexual

forms become free, as indeed is well known. It may be said

that if the large forms of H. rovignensis are gametocytes,

we ought to have seen some of them at any rate become free

in the living preparations examined. This does not follow at

view of the situation and also on account of the nuclear structure (cf

.

also below, p. 149, footnote).
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all, for the particular stimulus wliich effects the liberation of

these elements in the above cases is hei-e lacking, namely, the

fall in temperature. Lastly, it is not out of place, perhaps,

to refer in this connection to Miller's account of " Hepato-
zoon " in rats (10). In this case the sexual forms (which

apparently show little or no differentiation) are encysted in

lymphocytes. Miller found that when blood containing the

parasites was mixed with the expressed juices of the mite

(Lelaps), it was ten to thirty minutes before the host-cells

wei'e dissolved and thirty minutes or more in addition before

the gametocytes were liberated from their capsules and

became motile verniicules.

From all these facts we conclude that where large free

verniicules of a hfemogregarine are found in the circulating

blood, at least in fishes, they are schizokinetes, which

have yet to give rise to the true sexual forms, and not them-

selves the gametocytes ("gametes" according to Neumann).

It is very doubtful whether the full-grown gametocytes of

haemogregarines ever become free until the blood is drawn

from the body.^

Characteristics of H. rovignensis nobis.—The prin-

cipal characters of this species from Trigla lineata, so far

as we have been able to ascertain them, are as follows : A very

small parasite, one of the smallest piscine hgemogregarines yet

described. Schizonts usually oval in form. Average size

(full grown?), before fission has commenced, 4*8 /ti by 2*5 yu.

Gametocytes large and well differentiated. Female forms

wide, ovoid or bean-shaped; average size 10'6 /(t by S'4/i.

They possess a large nucleus. Male forms fairly slender, with

one end somewhat club-shaped, the other end usually slightly

recui'ved ; average size 12 /li by 2"1 fx. These possess a small

nucleus. Individuals of all types may show one or two

characteristic granules, extra-nuclear in position, and most

probably achromatic in nature; they are particularly promi-

^ From the publisliecT descriptions and figi;i-es of reptilian hfenio-

gregarines which we have seen we consider it most probable that a

similar state of affairs obtains in their case also.
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nent in parasites stained with iron-htBmatoxylin, which stain

they take up with great avidity.

II. Trypanosoma sp. (cf. triglj;) in Trigla lineata.

(Figs. 29-31, 51, and 65.)

In the three gurnards which were infected with Hasmo-
gregarina rovignensis a trypanosome was also found.

This parasite was always very rare, and never more than two

individuals could be seen in a cover-slip preparation of living

hlood. Neumann (15) gives only a very brief notice of

T. triglfB, from a single Trigla corax, and does not

remark u{)on the strength of the infection in this particular

case, but he states at the beginning of his paper that as a

rule trypanosomes appear to be very rare in the blood of

infected fish.

Observed in the living condition, the trypanosomes per-

formed very active movements of contortion, but did not

actually displace themselves much in the blood-fluid. The

movements were of the wriggling and twisting kind so

characteristic of fish trypanosomes. The body would be

coiled into a spiral or S-shape and then unbent again only

to become twisted in the reverse sense with the greatest

rapidity. Occasionally the parasite would burrow into a mass

of corpuscles and pass through them. Particular parasites,

whose position was noted, were found to remain alive from

five to eight hours in the drawn blood or cover-slip prepara-

tions. Their movements had become extremely sluggish by the

end of this time, but no alteration inform was noticed. Only

in a single case was a parasite seen alive after a longer interval

(twenty-four hours) ; the body of the trypanosome was then

bent up and motionless but the flagellum waved feebly, show-

ing that the parasite was still alive. The parasites did not live

any better in preparations in which the blood had been mixed

with a drop of salt-citrate solution or of sea-water. In remain-

ing alive such a short time in drawn blood this trypanosome
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differs markedly from T, raiae, as will be seen from our

statements below.

Owing to the scarcity of this parasite very few individuals

are present on our stained prepaj-ations. At the most two
occur on a film ; more usually only one has been found, and
on some smears there appear to be none. All the parasites seen

belong to one type and show no pronounced variation in size.

Individuals on "wet" smears are generally a trifle smaller

than those on " dry " ones ; we think the former are slightly

contracted. The average size of the trypanosorae, as seen on
Giemsa-stained smears, is 59 u in total length (i . e. inclusive

of the flagellnm) by 4"5/i in total width (inclusive of the mem-
brane). The free flagellum averages 8 /j in length. Fig. 29

shows a typical example of the parasite, with dimensions

almost as given. The longest parasite observed (fig. 81) has

a length of 62 ^ and a breadth of 4-7 /m. The length may be

really 2 or 3 /i longer, as the flagellum is very faintly stained,

and its free portion probably continues a little farther than

can be made out. On the other hand the parasite from

an iron-haematoxylin film drawn in fig. 51 has a total length

of only 54 /x and a width of only 4 n, inclusive of the mem-
brane; but here also the free part of the flagellum is so

faintly stained that we cannot be certain its entire length is

represented.

All the trypanosomes on our slides belong to this long,

slender type. The flagellar extremity is narrow and finely

tapering (figs. 29—81), a feature which is more usual in these

parasites of marine fishes than in those of fresh-water ones.

The distance of the kinetonucleus from this end of the body is

generally about 6 /u, and may be as much as 7 /u. The free

part of the flagellum at the opposite end is comparatively

short, and varies from 6 to 10 /n. The trophonucleus is

generally in the flagellar half of the body (figs. 29-31), but

may be occasionally more centrally placed (fig. 30). The
undulating membrane is well developed. It appears under

two aspects. In the first, which we think represents the more

natural condition, it shows well-marked folds and pleats, of
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which there are six to eight, of varying prominence and

depth (figs. 29, 31). In other cases the membrane appears

as an extensive flap or fin, with a slightly wavy bordei', and

widest about the middle of the body (fig. 30). We think the

difference between these two aspects is more apparent than

real, due to a large extent to the flattening out of the parasite

on the slide, in the second case. On the other hand, in the few

individuals we have observed on " wet" films the membrane

appears narrow and inconspicuous (cf. figs. 51, 65), and we
should certainly be inclined to say it had undergone some

shrinkage here.

One or two remarks which we have to make upon the

nuclear structure may be deferred until we consider the

trypanosome-nucleus generally in the second part of this

paper. The only detail with regard to the general cytoplasm

that requires mention is the occurrence in certain cases of

numerous granules. These granules are only noticeable in

parasites on Giemsa-stained smears. In some individuals

(fig. 31) the cytoplasm is quite free from them ; in others

there are a certain number of small dark granules, chiefly in

that part of the body lying between the two nuclei. The

flattened-out individuals, however, are rendered conspicuous

by the presence of numbers of lai^ge granules, apparently

occupying most of the body (fig. 30). Moreover, many are

seen lying apparently in the membrane. These granules

stain a purple colour of a somewhat deeper tint than the

lilac of the cytoplasm.

The trypanosome from Trigla corax, to which Neumann
has given (I.e.) the specific name of triglae, is described

very briefly and without any figures. According to Neumann's

account the parasite is of a different type of form from that

which we have above described. Its total length is about the

same, namely, 60 fx, but the free flagellum is rather longer,

being 15 fi. The chief difference, however, is in the breadth,

which appears to be much greater. Neumann gives the

width of the body as 8 /x and that of the membrane as 4 [i,

the entire width being thus 12 fi as compared with an average
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of 45 fi in tlie case of our fonn.i Further, tlie aflagellar

end of the body is short and somewhat blunt^ as indeed is

often the case in these " stumpy " types of trypanosome, and

the membrane does not show well-developed folds.

At first sight these two trypanosomes, from different

species of Trigla, might be considered to belong without

doubt to different species ; and probably many authors would

not hesitate to give both parasites a distinct name. In our

opinion this would be decidedly premature, for we think it

quite likely that both are merely different forms of one and

the same species. Polymorphism is now known to be of

common occurrence among trypanosomes. To give only one

or two instances, Minchin (11) has recently shown clearly, by

photographs, the marked (sexual) polymorphism in T. gam-
biense, while one of us (H. M. W.) has been struck by the

polymorphism, of a character quite similar to that implied in

the case before us, which occurs in an Avian trypanosome.

We do not intend here to ascribe any special sexual signifi-

cance to the "stout " (wide) form of the Tri gl a trypanosome
;

we suggest, however, that Neumann's form is a particular type

of the parasite we have described above, the latter being the

one which we are inclined to regard as the more " ordinary "

type. Hence our reasons for including the trypanosome

from Trigla in the species T. triglse.

In connection with this point, it may be remarked, it is

especially among piscine trypanosomes, where the parasites

attain to such large dimensions that marked variations in

form and appearance may be expected to occur, due either to

young forms or to different types of the parasite. It seems

to us that there has been too much tendency to ascribe hard

and fast limits to the size of a specific trypanosome. Many
authors, in describing new species, appear to have overlooked

' It is quite possible that tlie real width is not so mucli as these

figures indicate ; for we liave found that it is especially in such stout or

stumpy types that flattening-out in dry smears may be most appreciable

and most liable to give an incoi-rect idea of the true width of the pai-a-

site.
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the possibility of considerable variation in size and appear-

ance^ and as a result have given fresh names to parasites

which are in all probability only phases of trypanosonies

already known from the same or closely allied hosts. We
have little doubt that Neumann has made such a mistake in

distinguishing his "Trypanosoma variabile'^ from T.

raias of skates.

III. T. KAI^ FKOM RaIA SP.

(Figs. 32-38, 52-57, and 66-68.)

As this parasite has been described already by several

workers^ we need not give a general account of it here. One

or two points of interest have been observed, however, which

may be mentioned. In the fish examined the trypanosomes

were exceedingly abundant, but no dividing forms were seen,

nor were any hasmogregarines found.

With regard to the behaviour of the trypanosomes in

freshly taken blood under a cover-slip, we found that they

remained alive and active for a much longer period than did

T. triglae kept in a quite similar condition. Many were

seen quite unaltered, but undergoing less active momeuts,

after twenty-four hours. Also after fifty-four hours several

were seen, their movements being now sluggish. At the end

of seventy-two hours only four were found, two of theni

being individuals which had been noted and marked after

twenty-four hours. They showed no alteration, but their

movements were very slow and feeble, being contined to little

jerks of the tiagellum and a very slight twistiug of the body.

Three of these individuals were seen again on the fourth day,

after ninety-six hours, when they appeared in much the same

condition. Lastly, on the fifth day one trypanosome only

was still seen living, extremely feeble and moving very slightly

at intervals. The remarkable point is that none of these para-

sites showed any alteration in form; nor during the earlier

periods, when several individuals were still ahve and fairly
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active, did we notice auythiiig comparable to the rounded-off

phases described by Miss Robertson (17). It is probable that

the percentage of individuals which undergo this alteration

on the slide is very small compared with the number that do
so when the parasites pass into the leech.

The trypanosomes in our permanent preparations show
considerable differences in size. On Giemsa-stained smears
the largest individual observed has a total length of 72 fx and
a breadth of 5"6

n, including the membrane. The correspond-
ing diuiensions of the smallest form seen are only 55 fi by 4 fx

(fig. 83). These two extremes are connected by intermediate

forms of varying size (cf. figs. 34, 35). The average size

works out at about 67 ^ by 5*2 ^. The free flagellum varies

from about 10 fx to 15 fi, with an average length of 13 //. The
length of the fiagellum does not seem to stand in any very

close relation to the size of the parasite, and now and again
IS shorter in a large individual than in one of intermediate
size. The largest trypanosome noticed on "wet'' films

stained with iron-hoematoxylin is drawn in fig. 53; it is a com-
paratively wide, plump individual, which would probably
have seemed even wider on a Giemsa-stained smear. It

measures 65 fx by <o-Q fx. It is probably somewhat longer in

reality, for the free flagellum, which is unusually short in the

drawing, comes into contact, at the point where it apparently
ends, with a corpuscle Avhich is stained deep black ; although
it probably runs across this for some distance, its course

cannot be followed. Other parasites on iron-ha^matoxylin-
stained films are seen in figs. 52-56. They are mostly a little

shorter than the parasites on " dry " films ; this difference is

most noticeable in comparing the body-protoplasm, for the free

flagellum itself is in most cases actually longer and averages
14-8 ^ against 13 jx on the dry smears. "We are inclined to

think this is due to the contraction of the general cytoplasm
to a greater extent than the entire flagellum (i. e. the flagellar

border + free flagellum) in iron-ha?matoxyliu films.

There is another rather interesting point brought out by a
comparison of the trypanosomes fixed and stained bv the
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two methods, which, incidentally, may also help to explain

this diiference in apparent leugth. The great majority of the

individuals on the "wet," iron-hsematoxylin-stained films are

in a different position from those on the " dry," Giemsa-stained

smears. In the former they are usually found in a twisted S
or corksciew-like position (figs. 52-56), while in the latter

the parasites are nearly always simply rolled or coiled up to

a greater or less extent (figs. 32-37). Now^ in life the

trypanosonies are generally observed in a twisted or S-shaped

condition, and only rarely, and as it were transiently, in the

form of a simple C- We may conclude, also, that death and

fixation are at least as instantaneous in the case where the

parasites actually come into contact with sublimate and acetic

as in the case where the slide is placed in a tube containing

osmic vapour. Hence we consider that the position of the

parasites on the wet films approximates most nearly, as a

rule, to that in which they were the instant before death.

What is the cause, then, of the parasites assuming the very

different rolled or coiled-up form on " dry " films ?

The manner of attachment of the undulating membrane to

the body has an important bearing upon this question. Figs.

52, 53, and 56, from iron-ha3matoxylin slides, show very

clearly that in these individuals the undulating membrane
was wound spirally round the body at the instant of death.

The flagellar border runs now under, now over the general

cytoplasm, and in fig. 56 it is seen to run twice under. Are

we to regard the membrane as actually attached spirally to

the body (when the latter is in a " passive " condition), or as

being merely twisted round it at the time by the voluntary

contortion of the protoplasm ? We think the latter view

affords the true explanation. The appearance of the parasites

on Giemsa-stained films gives probably a fairly correct repre-

sentation, from a morphological point of view, of the manner

of attachment of the membrane—that is to say, it lies along

one side of the body, more or less in one plane. The

membrane itself, especially on its outer side, is longer than

that part of the body to which it is attached. In life the



138 E. A. :MTNr'HIX AND If. M. WOODCOCK.

membrane is usually twisted in a spiral fashion round the

body by tLe voluntary contortion of the protoplasm, this

beino- in all probability effected by the contraction of

myonenies. Minchin (13) has recently published figures

clearly showing myoneines in T. percse andT. granulosum,
and we have no doubt they are present in other fish-trypano-

sonies, though we have not had the good fortune to see

them in T. raite. In wet films the parasites have retained

their twisted position. In "dry" smears, on the other

hand, the body becomes untwisted, and, at the same time,

passively or mechanically coiled up in one plane, by the

mere fact of the attached membrane being longer than the

body is.

We do not think this different behaviour on '*di-y " smears

is to be explained l)y a flatteuing-out process due to actual

drying. In tlie first place, in uur procedure, the slides are

removed from the osniic-acid tube and placed in absolute

alcohol before the moisture dries off from the greater part,

at all events, of the slide ; it is only along tiie edges that

drying sometimes occurs. And after the smear has been

hardened in alcohol little or no alteration, we consider, takes

place in the form of the parasites, even though the smear is

allowed to dry off ultimately. In fact, as Minchin has

already shown in his account of the technique in connection

with T. lewisi (14), this method is probably the best for

the general form and size of the parasites. Secondly, now
and again where the body of the parasite really appears to

be somewhat flattened out due to an actual drying at first,

this C-form is not shown (cf . tig. 30 of T. trigise). Indeed,

this process of untwisting and coiling would seem to require

the presence of a film of moisture for its accomplishment.

The following explanation appears to us the most probable.

In fixation by the "wet" method, both death and fixation

are practically instantaneous. In fixation by osmic vapour,

on the other hand, death probabl}' occurs appreciably before

fixation. In the twisted condition, during life, tlie fiagellar

border of the membrane is probably to a certain extent in
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a state of teusioii, from wliicli it relaxes, in virtue of its

elasticity, on tlie death of the body; in so doing it auto-

matically unwinds the body, at the same time causing it to

become more or less C-like, before actual fixation occurs.

In this connection it should be pointed out that Danilewsky

(4a), who studied trypanosomes carefully in the living

conditiou, frequently figured them with the undulating

membrane spirally wound round the body, but in some cases

he shows it attached along one side of the body.

Lastly, if, as we have been led to consider, the parasites on

wet films are generally in a spirally twisted condition, we

might expect to find a slight shortening in length; this,

together with a certain amount of contraction due to shrinkage,

would be sufficient to explain the difference in average length

between the parasites on wet films and those on dry ones.

In many of the parasites on Giemsa-stained smears numbers

of small bodies occur, which appear to be prominent granules

(fig. 37). They are deep black at the middle focus, but are

bright and glistening at the upper focus. They are not com-

parable to ordinary chromatoid granules, which stain more or

less red in colour. Moreover they are most abundant in the

aflagellar part of the body, especially between that extremity

and the kinetonucleus, a region which is generally free from

chromatoid grains. They are also scattered throughout the

body, and some, which cannot be distinguished by appearance

from the others, lie occasionally in or on the undulating mem-

brane. In wet films, stained either with iron-hesmatoxylin or

with Twort, the same bodies, if present, are not nearly so con-

spicuous. In the body generally no sign of them is to be

seen ; but near the aflagellar end, which is often slightly

vacuolated in character, a certain number of granules can be

seen, not stained very differently from the cytoplasm (figs.

54-56). We are not sure, however, if these granules are the

same.

Returning to the parasites on dry smears, we have recently

noticed the peculiar fact that, since the individual of fig. 37

was drawn, all the black granules have vanished, leaving only
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small, clear areas, like spaces, in the position in which they

were. In fig. 34 is another parasite which showed originally

a very similar condition as regards the granules; this has been

drawn since they disappeared. Two or thi'ee of the granules

are still seen, and the small vacuoles indicate the position

originally occupied by many others. It seems most probable

that these black " granules " are really minute globules of

oily or fatty substance, which are blackened by the osmic

acid used in fixation, and are liable to be dissolved away by

the frequent washings with xylol given to the slide, of course

after immersion-oil has been upon it.

We entertain no doubt that this trypanosome belongs to

the species T. raiic, Lav. and Mesn. These authors, in des-

cribing this species, gave its size as from 75 fxto 80 fj.
in total

length, by about fi in width (inclusive of the membrane).

Apparently, as has been so often the case, the species was

characterised solely from the full-grown individuals of the ordi-

nary type which were encountered, and no reference is made

to young forms or to variations in type. Further, Laveran and

Mesuil found trypanosomes which they regarded as belonging

to the same species in four species of Raia, namely K.

punctata, R. mosaica, R. clavata, and R. macro-

rhynclius. We do not know the name of the species of

Raia in which Ave found the parasite. The dimensions of the

largest individuals we have observed, however, are only very

slightly less than those above mentioned, and the general

appearance of the parasites, as shown in our figures, agrees

so closely with that of the individual figured in Laveran and

Mesnil's original account (7) that there is every probability

that the trypausome is the same in the two cases. Neumann

(15) has given the name T. variabile to a trypanosome

from R. punctata, principally or solely because he has

found variations in size and form in the parasite Avhich are

not referred to by Laveran and Mesnil ; though he states more

than once that his parasite resembles T. raiae closely and in

its largest form agrees with that trypanosome. As we have

described above, we have found forms of T. raite very much
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smaller than the full-sized ones ; and many of Neumann's

figures of T. variabile I'esemble strongly these smaller

forms. In fact, neither from Neumann's description nor from

his figures is there any reason to suppose that T. variabile

is not a synonym of T. raia3.

Comparison of the Nuclear Structure of a Hjiimogregarine

WITH THAT OP A TrYPANOSOME.

A most interesting and important result of our study on

the above-mentioned blood-parasites of fishes is afforded by

the evidence it has given us of the essential difference between

the nucleus of a h^emogregarine and the trophonucleus of a

trypanosome. This difference is brought out forcibly by all

the three methods of technique employed, though, of course,

one method may show a certain feature or detail better than

another.

Considering first the case of Hsemogregarina rovig-

nensis in Trigla sp., the conclusion arrived at by comparing

and combining the impressions given by different stains is

that the nucleus in this parasite consists of a regular or

irregular meshwork or reticulum, itself chromatic or impreg-

nated with chi'oinatin, on which are suspended chromatin

grains and masses of varying size and form. The reticular

ground-work is best seen in iron-h^ematoxylin or Twort pre-

parations (figs. 39-50, 59-64) ; in the latter it is always

distinctly red (chromatic) in colour. The limit or border of

the nucleus appears to be itself part and parcel of the

reticulum, the peripheral segments of the latter being usually

arranged so as to give a fairly regular oval contour or

"membrane." This structure is well shown in figs. 48 and

49 of large forms. Hence one cannot speak here of a true

nuclear membrane as something distinct and sepai"ate from

the general nuclear substance. This "membrane" also has

numerous chromatic granules strung upon it; these are

generally smaller than those occurring in the more central

parts of the reticulum. The chief chromatic aggregations
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sometimes tend to ran topfether, or to lie in short streaks. In

no case have we observed any signs whatever of a flefinite

central body or karyosome in the nucleus.

In individuals stained very faintly and sharply on the

particular Giemsa-stained smear to which allusion has been

made several times, the above-described characters of the

nucleus can be made out quite well (cf. figs. 5-10). In such

cases the picture represents fairly accurately the true con-

dition. In other individuals, however, slightly more deeply

stained, the nucleus appears more granular and already some-

Avhat "blotchy"; this is due to the enlargement of the

chromatic grains and to the deposition of the red stain in the

nuclear sap, more or less occluding and obliterating the

reticulum. This leads on naturally to the appearance generally

seen in deeply stained Giemsa smears of a dense mass, staining

red or purple, in which bodies and streaks still more darkly

coloured can be made out^ representing the chromatic grains.

We may add that we have been struck by the considerable

resemblance between the nucleus of the parasite and that of

its host-cell ; this will, indeed, be apparent from many of the

figures (fig. 14).

Turning now to the trophonucleus of a trypanosome, Ave

find a remarkable contrast. T. raise being a very large

trypanosome and possessing a correspondingly large nucleus

is a most advantageous form to study for this purpose, since

the various nuclear details—particularly of the karyosome—
can be made out more readily than in the ease of a compara-

tively small parasite, such as T. lewisi, for example.

Our description is based upon the appearances yielded

after iron-hfematoxj^lin and Twort, for in this case—far more

so than when considei'ing the hremogregarine nucleus— it

would be difficult, if not impossible, to arrive at what we
regard as the correct interpi'etation of the nuclear structure

by studying the Giemsa appearance alone. Having obtained

a fairly accurate idea of the nuclear constitution from iron-

hagmatoxylin and Twort preparations, we can then interpret

the widely different picture seen after Giemsa. Miss Robertson
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(17) lias recently described the nuclear structure in certain

developmental forms of a ti'ypanosome occurring in Pontob-
della, which trypanosome she regards (and we think correctly)

as T. raiae. Our own observations quite agree with her

account; we are able, perhaps, to add a few more details

with regard to the karyosomatic mass. (Our main purpose,

as we have already said, is to emphasise the contrast between

this type of nucleus and that of a hfemogregarine.)

The nucleus is very generally oval in shape and always

possesses a well-defined, regular contour. Its size varies not

inconsiderably (cf. figs. 52-56), and, as might be expected, is

in accordance with the size of the parasite, small- or inter-

mediate-sized individuals having a smaller nucleus than the

large ones. The size may be as small as 2'4^ by 1'7/j, or as

large as S'ljn by 2'6 ^, The greater part of the nucleus is

occupied by aprominent deep-staining body—the karyosomatic

mass. Around this appears a practically clear space, which

is bordered or limited by a sharply marked line, the nuclear

membrane. Any space or halo surrounding this on the outside

again, as sometimes occurs (cf. figs. 52 and 54), is most likely

a shrinkage-space. Delicate rays, sometimes four or five in

number, sometimes more, pi'oceed from the central mass to

the membrane; these are usually very faintly stained, but

can be made out with a good illumination, especially in iron-

hfematoxylin preparations. Both membrane and rays are

always green after Twort (figs. 66, 67, 68a). Hence we may
regard them as achromatic in structure. The rays are pro-

bably comparable to a linin framework for the support of

the karyosome. The membrane is a much more definite

structure than in the case of the hsemogregariue-nucleus.

In this parasite both membrane and rays appear to be, as a

whole, remai-kably free from chromatin, very different in this

respect from the chromatic reticulum of the hfemogregarine.

The only possible indications of chromatin are furnished by

small dots or condensations at the junctions of the rays with

the membrane; they are best seen in iron-haematoxylin pre-

parations (fig. 54). We can get no evidence of a red colour
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at these points after Twort, however, and so do not feel at all

certain that they are chromatin.

A correct interpretation of the characteristic central body

in the nucleus is best gained from Twort films. Iron-ha?ma-

toxylin films must be very well extracted, and then the same

or a similar condition is revealed. But in those iron-ha3ma-

toxylin smears where the whole karyosomatic mass is stained

almost uniformly black (as in figs. 53 and 56 for example), it

is safe to say that an excess of stain still prevents the details

from being apparent. The true structure appears to be as

follows : In the centre is a fairly large, clear region, oval or

rounded, which is stained grey in ii-on-haematoxylin films and

a pale green (distinctly paler than the rays) in Twort prepara-

tions. This is the basis or ground-work of the karyosome and

is probably of a plastin-like nature. The chromatin is located

at the surface, or at any rate in the peripheral region of this

plastinoid basis. In the smaller nuclei the chromatin is mostly

in the form of granules or small masses of varying number

(usually three to five) and size, and more or less separate from

each other (figs. 55, 57a, 68a and h) ; but in the large nuclei

we frequently find the chromatin forming a complete zone or

ring around the paler area, with thickenings or bulgings here

and there (figs. 57, / and g, 68, c, d) corresponding to the

small masses in the other case.

One important detail remains to be mentioned, namely, the

presence of a small, distinct granule in the centre of the

plastinoid area, which is probably of constant occurrence. It

is readily made out in Twort preparations (cf. fig. 67, 68, a-f)

;

sometimes it is green in colour, but in other cases the colour

appears to be a mixture of both the red and the green ; it is,

however, never of the same sharp red colour that the chromatic

masses are stained. This granule can be distinguished also in

the individuals on iron-liEematoxyliu smears, but not so

easily.

Comparing, now, the appearance of the nucleus in Giemsa

smears, a condition is generally found which at first sight

seems to be diametrically opposite to that shown by iron-
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hsematoxylin films—that is to say, centrally or excentrically

is a comparatively clear, faintly stained area, while all the rest

of the nucleus is stained red more or less deeply (figs. 34, 35,

88, a-d), the periphery, in the neighbourhood of the mem-
brane, being perhaps darkest. The clear area corresponds

without doubt to the central part of the karyosome, i.e. to

the plastinoid basis free from chromatin. Rather curiously,

the central granule, referred to above as occurring in the

plastinoid part of the karyosome, is often very conspicuous,

probably because it is to a certain extent artificially enlarged

by the stain. The remarkable feature about these Giemsa-

stained nuclei, and the one which creates such a false impres-

sion, is that the nuclear sap is often so loaded with stain that

not only the rays but also the chromatic zone or ring imme-

diately surrounding the centi'al area is indistinguishable as

such. Occasionally, in more favourable pictures, the chro-

matic zone is more deeply stained than the nuclear sap and

can be distinguished somewhat better (fig. 37) ; and now and

then coarse indications of the rays proceeding to the periphery

can also be made out (fig. 38, h, c). Hence we have little

doubt that here also the structure of the nucleus agrees really

with that above described.

Owing to the scarcity of Trypanosoma triglte in our

preparations the few individuals present on wet films do not

show the nuclear structure very satisfactorily. Extraction

had to be carried on quite in the dark, as it were, and neither

in the individual drawn in fig. 51 from a film stained with

iron-hsematoxylin, nor in that of fig. 65, from a preparation

stained with Twort, has the extraction been carried far

enough. From these two examples, however, it is quite

obvious that the nucleus is of the same karyosomatic

type, and fig. 51 affords indications that the structure of the

karyosome itself is similar to that above described.

We regard the above instances as indicative of the typical

character, speaking broadly, of the nucleus of a heemogre-

garine and the trophonucleus of a trypanosome.

So far as the case of the trypanosome is concerned, it is
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146 E. A. MLNCHIN AND H. M. WOODCOCK.

already quite evident, from figures published during the last

year or two, since the use of the iron-hsematoxylin stain

became more general, that the trophonucleus is in the main

constituted on the same plan, having most of its chromatin

associated with a definite karyosomatic body. Besides Miss

Robertson (17), Minchin has shown this to be the case both

in various fish-trypanosomes (13) and also in T. lewisi (14).

We may mention that during the progress of our work at

Rovigno wo have obtained a similar result in the case of the

trypanosomes in the little owl; and we see that recently

Roseubusch has published figures (20) of cultural forms of

these trypanosomes (which he calls " Hasmoproteus
noctuae" and " Leucocytozoon ziemanni") showing

this same nuclear structure.

Further, we are inclined to think that in many cases the

minute details of the karyosome will be found to be similar,

that is to say, as regards the tendency of the chromatin to

be located at the periphery of the plastinoid basis, and the

presence in the centi-al, clearer zone of a definite granule.

Of course, nuclei with a large karyosome may be expected to

show this more distinctly than those with a very small karyo-

some (such as, for example, T. lewisi.) One of us (H. M. W.)

has several times observed, in Giemsa preparations of a

trypanosome of the chafiinch,^ an appearance of the nucleus

quite similar to that in fig. 37, namely, a conspicuous granule

occurring in the centre of a clear zone in the middle of the

nucleus ; and the interpretation of the whole appearance is

doubtless also the same. It is interesting to note that some

years ago Laveran and Mesnil, in their account of certain

trypanosomes of fishes (7), published a figure of T. remaki,

of the pike, which showed the same nuclear appearance.

We remember thinking this unusual at the time, as it was

quite difi^erent from the uniform granular character which the

nucleus was generally described as possessing.

These finer details of the karyosome are best revealed,

' It is hoped to publish an account of this pai-asite, and of othei*s in

the chaffinch, very shortly.
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perhaps, by Twort ; in the case of films stained Avith iron-

haematoxylin, the stain must be very well extracted, or else

the whole karyosomatic mass is too heavily stained for them

to be made out. This is evident by comparing our various

figures. Fi'om ynany of the figures in the above-mentioned

papers we should say that extraction in those cases had not

been carried far enough for this purpose. For instance, in

most of the resting nuclei of the various trypanosomes

drawn by Rosenbusch (I.e.), the karyosome is too dark to

show the central granule.

There can be no doubt that this granule or centriole is the

intra-nuclear centrosome first described by Schaudinn in the

trophonucleus of his trypanosome in the little owl. It is also

evident that it acts as a division-centre, and forms an intra-

nuclear spindle at the commencement of nuclear division.

This phase is well shown by several of Rosenbusch's figures.

Again, to compare a dividing stage described from a Giemsa-

stained preparation, Minchin, in his account of T. gray i (11),

figures an intra-nuclear granule at each end of the spindle

still connecting two daughter-nuclei, immediately after division

has taken place. Hence this intra-nuclear centrosome^ is

doubtless a regular constituent of the trophonucleus of a

Trypanosome.

It will be noticed from our figures that, in the Griemsa-

stained preparations of T. raiee; the red-stained part of the

nucleus is fairly uniform or homogeneous in appearance. It

is more usual, however, for the nucleus of trypanosomes

stained by the Romanowsky method to appear granular in

structure, apparently consisting of small or medium-sized

granules in close contact, and forming a compact mass (cf

.

the selected figures, either in the article on "Trypanosomes" in

Lankester's ' Treatise on Zoology,' or in Liihe's article in

Mense's ' Handbuch der Tropenkrankheiten'). This appear-

' Moore and Breinl (14a) use the term "intra-nuclear centrosome"

in a diiferent sense from ourselves, namely, for the entire central body
which we regard as the karyosome. They do not seem to have dis-

tinguished at all the centriole contained in the karyosome.
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ance is quite easily capable of explanation when the known
tendency of the Romanowsky stain to be deposited in excess

around anything of a chromatic nature is borne in mind. We
may suppose that in such cases there is a cei-tain amount of

chromatin distributed in the nuclear sap or karyolyinph (in

addition to that associated with the karyosome); this is most

probably in the form of very fine granules, which are of

course magnified by the stain to many times their real size.

Hence the effect is produced of a granular mass, such as has

been so often described. By this means the clear central

area, indicating the position of the karyosomatic body, is

generally occluded completely and indistinguishable.

We have now to consider, briefly, the hasmogregarine-

nucleus. Here, too, there can be no question but that the

true nuclear structure is better revealed by stains like iron-

heematoxylin and Twort than by the Romanowsky method of

staining. Nearly all the illustrations of haemogregarines

which we have seen are from parasites obviously stained by

the latter method. Prowazek, it may be mentioned, in his

paper on H. platydactyli (16), has three figures which

were drawn from preparations stained by Grenacher's haema-

toxylin, and these also give indications of the same type of

structure—an irregular reticulum carrying chromatin-grains

and masses of various sizes—which we have found in H.
rovignensis. The nuclei in these figures of Prowazek'

s

differ very greatly from those he has drawn from Romanowsky
preparations; many of the latter, we are convinced, do not

give at all an accurate idea of the nuclear constitution.

Of all the other figures of h^emogregarine-nuclei at which

we have looked, those of Borner, in his account some years

ago (4) of reptilian hgemogregarines, seem to convey most

approximately the true idea of the nucleus. From his

" Tafelerklarung" we gather they were drawn from

Romanowsky pi'eparations ; but for this intimation we should

have regarded them as from preparations stained by some

hEematoxylin method, both from the appearance of the nuclei

and from the manner in which the figures are coloured. We
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are inclined to think the nuclei in some of his figures may be

possibly a trifle schematic both as regards the uniform size of

the granules and the rather suspicious regularity of the

reticulum ; but in many of the other figures there is, in our

opinion, an indication of the nuclear structure which is pro-

bably as correct as it is possible to obtain it by the

Romanowsky method. In none of Borner's figures is there

anything remotely resembling a karyosome, and, in fact, the

author expressly mentions that he never observed such a

structure in the nucleus.^

Numerous figures accompanying the description of new

hsemogregarines have been published during recent years,

all of them naturall}^ from Romanowsky preparations. It

would take too long to cite them ; nor is it necessary. It is

sufificient to say that in no case can the sti-uctural details of

the nucleus be deciphered. In all cases it is obvious that the

nucleus drawn was still hopelessly overloaded with stain. At

the best the nucleus is figured as a dense granular mass,

bearing often a strong resemblance to those in our figures

from Giemsa-stained preparations, from which it may be

^ The only instance of which we are aware, where anything resembhng

a karyosomatic nucleus api^ears to be present, is in certain figures of

Wenyon's (22) on PL 12, purporting to represent H. gracilis in the

liver of Mabuia. The figures are from preparations stained by lisema-

toxylin. "We think it most likely that Wenyon has figured besides

phases of a hEemogregarine, also phases of a coccidian, the latter being

the ones in which the nuclei show a karyosome. His fig. 29 shows

undoubtedly the development of typical merozoites of a hsemogregarine

(cf . H. simondi) ; and it is only these merozoites which he figures also

in the red corirascles. His figs. 27, 22, and 31, on the other hand, we

consider, represent a Coccidian ; the two latter especially appear very

like young coccidian schizonts. Since our MS. was sent to the

printers the memoir by Halm (4b) has appeared. We can only point

out here that Hahn uses the term " karyosome '"
in a sense quite

different from that in which we understand the word, namely, to mean

the entii-e nucleus when in a condition " devoid of visible chromatin

bodies "
(p. 331). He terms such bodies '• achromatic nuclei " (which

seems to us rather a contradiction in terms), and calls them " karyo.

somes, in the sense that they are the bodies from which the chromatin

bodies subsequently arise."
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inferred that its structure conforms to that of H. rovig-

nensis and to what we consider is the general plan. At
other times nothing but a " splotch" of colour, fiom which it

is impossible to ascertain anything, is depicted.

In conclusion we have only to point out that it seems clear

that the nucleus of a haemogi-egarine is of a very different

type from that of a trypanosome. The former is chaiacterised

by its chromatic reticulum, with chromatin grains or masses

more or less generally distributed upon it. In the latter the

greater part or nearly all of the chromatin is, as it were, con-

densed around a plastinoid basis, the whole forming the con-

spicuous karyosome ; and in the centre of this plastinoid area

is a definite granule, the intra-nuclear centrosome.

So far, therefore, as the haemogregarines at least are

concerned, we are totally unable to agree with Hartmann (4c),

who proposes to remove the Hfemosporidia entirely from the

Sporozoa, and place them with the trypanosomes and their

allies among the Flagellata as a group named Binucleata.

Postscript.

We had not intended to refer in this paper to the nucleus

of Halteridium. Quite by chance, however, we have

noticed a couple of sentences at the end of Berliner's account

of the cytology of certain Flagellates (1), which relate to

the structure of Halteridium noctuas and Leucocyto-
zoon ziemanni, as shown by iron-haeinatoxylin. There is

no reference to this point in the title or list of contents, and

we have only had our attention drawn to Berliner's figures

since our present paper was completed. We refer to

Berliner's note because we have ourselves obtained similar

indications of the nuclear structure of these parasites during

our work at Rovigno. We will only point out here that from

Berliner's published figures, and equally from our own pi-e-

parations, there can be no doubt that the nuclear structure of

Halteridium is quite different from that of a htemo-

gi'egarine, and^ on the other hand, remarkably like that of the
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trophonucleus o£ a trypanose in e, in being of the karyosomatie

type. Further, Berliner mentions and figures the occurrence

at times of a distinct extra-nuclear granule, connected by a

fibril with the main nucleus, which he regards as representing

the kinetonuclear element of a ti-ypanosome perhaps in a

somewhat reduced ("' riickgebildet ") condition, consequent on

the intra-cellular, " resting '^ condition of Halteridium. We
are very pleased to have this independent confirmation, and

from iron-hsematoxylin preparations, of the occurrence of

nuclear dimorphism in Halteridium, a feature which one

of us (H. M. W.) has already described (23) in the case of

another species parasitic in the chaffinch, though unfortu-

nately in this instance only Giemsa-stained smears were

available. There can be little doubt, therefore, that Halteri-
dium, in regard to its nuclear structure at all events, shows

very much closer afiinity to the trypanosomes than do the

hsemogregarines.

Lister Institute
;

November 27th, 1909.
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EXPLANATION OP PLATES 8-10,

Illustrating Professor E. A. Mincbin's and Dr. H. M. Wood-
cock's paper on " Observations on certain Blood-parasites

of Fishes occurring at Rovigno."

[The drawings on PL 8 are all from Giemsa-stained preparations,

those on PL 9 are from films stained with iron-hsematoxylin, and those

on PL 10 from films stained by Twort's method. All the figures relat-

ing to H sem o g r e g a r i n a r o v i gn en s i s are magnified 3000 times linear

;

those relating to Trypanosoma triglse and T. raise 2000 times.]

PLATE 8.

Figs. 1-28.—HsBinogregarina rovignensis. Pigs. 1-11 are from

the first infected gurnard, figs. 12-27 from the second, and fig. 28 from

the third infected fish. Figs. 5-11 are from a very thin smear, which

was faintly stained ; both corpuscles and parasites are uniformly flattened

out, but the nuclei of the parasites come out better than in any other

Giemsa-stained smears.

Fig. 1, 2, 5-9, 16, 17.—Ordinary small forms, schizonts.

Fig. 3.—A small form, free from the blood-corpuscle, occurring

in a smear from the kidney.

Figs. 4, 10, 18-21.—Large forms of the slender or male type.

Figs. 11, 22-26.—Large forms of the broad or female type.

Figs. 12, 13.—Young individuals of the slender, male type.

Figs. 14, 15.—Young and intermediate-sized individuals respec-

tively of the broad, female type.

Fig. 27.—A double infection of the corpuscle, with two small

forms of the parasite.

Fig. 28.—Small form showing a constriction of the nucleus in the

middle.
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Figs. 29-31.—Ti-ypanosoma triglse.

Figs. 32-37.—T. raiae. Fig. 33 is of a small parasite, fig. 35 of an

intei'mediate sized one; the rest are of large individuals.

In fig. 31' the small vacuolar spaces were originally occupied by

l)lack grains similar to those seen in the parasite of fig. 37.

Fig. 38, a-d.—T. raiai, trophonnclei of different jjarasites (x 3000).

PLATE 9.

Figs. 39-50.—H. rovignensis. Figs. 39-43 are from the first in-

fected fish, figs. 44-50 from the second one.

Figs. 39-43, 46, 47.—Ordinary small forms (schizonts).

Figs. 44, 45.—Young and intermediate-sized individuals respec-

tively of the slender or male type.

Figs. 48, 49.—Large forms of the broad, female type.

Fig. 50.—Large individual of the slendei", male type.

Fig. 51.—Trypanosoma triglse.

Figs. 52-56.—T. raia3.

Fig. 55.—The trypanosome of this figure is on a different film

from the others, one from which the stain has been consider-

able more extracted.

Fig. 57, a-i.—T. raia?, trophonnclei from vai'ious trypanosomes

;

e and h are from large trypanosomes, the rest from smaller or inter-

mediate-sized parasites (x 3000).

PLATE 10.

Figs. 58-64.—H. rovignensis. Fig. 58 is on a film from which the

red part of the stain (neutral red) has been much less extracted than in

other cases.

Figs. 58-61.—Ordinary small forms.

Figs. 62, 64.—Large broad forms.

Fig. 63.—Large slender form.

Fig. 65.—T. triglse.

Figs. 66, 67.—T. raise.

Fig. 68, o-/.—T. raise, trophonuclei from various individuals; d-f

from large parasites (x 3000).
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On Ganymedes anaspidis (nov. gen., nov. sp.),

a Grregarine from the digestive tract of Anas-
pides tasmaniae (Thompson).

By

Julian N. Huxley.

Witli Plate 11, and 5 text-figures.

Introduction.

In 1907 Mr. Geoffrey Smith was in Tasmania on a zoolo-

gical errand, his object being especially to investigate the

structure and development of Anaspides, the Mountain

Shrimp of that country.

After his return to England, he noticed, while examining

his sections in detail, some curious structures in the liver,

which on investigation proved to be large binucleate cells,

obviously of parasitic origin. Turning his attention to the

gut, he found that it was in some cases inhabited by large

numbers of Gregarines of an unusual type, and surmised

that there was a connection between these and the non-

motile parasites in the liver.

This was enough to show that Anaspides, so interestirig

in every detail of its structure, is no less so in regard to its

parasites ; and, as he had much work of his own on hand, he

kindly offered me the congenial task of describing this new
Sporozoan, at the same time providing me with all his surplus

specimens of Anaspides. For this, and for much help and
advice, I must here tender my best thanks j nor must I
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forget to express my gratitude to Pi-of. Bourne for much
kind assistance.

Methods, etc.

Preservation.—Some of the Anaspides had been pickled

in formalin, some in corrosive sublimate; these latter were

much better preserved, and were exclusively used in the

work.

Preparation of the Gregarines.—Mr. Smith's speci-

mens of Anaspides had been kept in captivity for some time

before they were preserved; and, either they had had very

little to eat, or else all the fare provided for them was

digestible—at all events their guts were almost empty, save

of parasites. Thus it was easy to make preparations of large

numbers of the Gregarines by staining the gut and liver-

tubes whole in paracarmine for a couple of hours, and then,

after taking up to xylol, teasing in Canada balsam on the

slide, and removing as much of the debris of the gut as

possible, leaving the parasites behind.

This was quite good for general features, but, as I found

to my cost later, did not bring out certain important cyto-

plasmic structures.

Subsequently some more Anaspides were sent over from

Tasmania ; these had been preserved at the moment of

capture, and their guts were filled with a mass of sand,

swallowed for the sake of the contained oi*o-anic fragments.

This made matters more difficult. The Ganymedes had to

be picked one by one out of the debris by means of a capil-

lary pipette under the binocular microscope. They were

then mounted from 90 per cent, alcohol on to a film of egg-

albumen smeared over a slide, so that they could be stained

with Heidenhain's iron hajmatoxylin, which proved much the

best reagent for picking out the details of the complicated

structures in the cytoplasm.

Besides making these whole preparations, I had sections
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cut of individual parasites, and of the gut and liver of the

host. Most of these were stained with iron hasmatoxylin,

some with Ehrlich's haematoxylin and eosin, and some with

methyl-blue eosin by Mann's method. Iron haematoxylin

was the best for most purposes, but Mann's method was very

interesting in revealing some of the complexity of the purely

vegetative processes that take place in the nucleus and
nucleolus.

It was of course impossible to get auy Anaspides over to

England alive, and thus several questions of structure and
life-history which could probably have been easily elucidated

by observations and cultures of the living Gi-egarine, have

had to be left to await the verdict of some investigator who
has not got the Tropics between himself and the source of

his material.

General Account (Life-history, Habitat, Etc.).

As above mentioned, Granymedes is a parasite of the

Syncaridan Crustacean Anaspides tasmaniae, inhabiting

various portions of its digestive tract. Before proceeding to

a detailed account of its structure, it will be best here to

give a brief general survey of its life-history, as far as such a

continuous record can be pieced together from the mere snap-

shots which are all that preserved material can give.

I came across no sporozoite stage. The smallest Gregarines

found were only about one-eighth the length of the full-

grown motile trophozoite, but otherwise similar in every

way. These elongated motile forms, obviously belonging

to the class Gregarinida, are in what I shall call the first

trophic period, which is spent within the very long mid-

gut of the host. Here some are attached to the epithelium

(fig. 9), but the majority are found free in the lumen. If

the host has recently been feeding, the gut is crammed with

sand-grains and organic particles; and when this is the case,

the parasites collect between this food-mass and the gut-wall.
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where there is plenty of food that they can absorb, and least

chance of their being carried away to the exterior.

Sometimes the parasites, instead of having their typical

straight or gently-curved form (fig. 1) lie coiled and con-

Text-fig. 1.

A

B.

-

I.

An associated couple of G a ii ym e d e s, showing the cup-individual

(B) gi-asping in its cup the ball (b) of the other associate (A)

The ball end of B is abnormal. The cup end of A has a large

vacuole within it. The bodies are slightlj' dilated round the

nucleus.

torted against the intestinal wall ; and when this is so,

many are usually congregated in patches, and are stuck

togethei-, presumably by the coagulated secretion of the

endodermic cells. What are the I'easons for this condition I

could not discover.
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Finally, a certain number of the Gregarines are found

associated in pairs, the attachment being by dissimilar ends

(text-fig. 1). Not very many are in this state, but I suspect

that the shock of killing, and the subsequent manipulation,

manage to sever the connection between a large number of

couples, and therefore cannot say if association always super-

venes when tlie parasites reach a certain size, nor what are

the proportion of couples to free Gregarines.

Association marks the close of tlie first tropliic period.

In the second trophic period the Gregarines are non-

motile, have lost all the complex structure they had before,

and are characterised by their (probably rapid) growth to a

very large size. In this state they are found in the liver-

tubes, of which there are twenty or thirty, lying free in the

hasmococoele, and not intertwined. It follows that the asso-

ciated couples must migrate forwards to the junction of mid-

and fore-gut, where the liver tubes open, and thence back

into one of these. On penetrating a safe distance along the

tube, a transformation must take place, the two Gregarines

undergoing complete cytoplasmic fusion, a state of affairs

known hitherto only in those neogamous forms from Holo-

thurians, Cystobia and allied genera (Woodcock, 6).

These fused couples, looking just like one cell with two

nuclei, are found wedged in between the cells of the wall,

with a considerable free surface for absorption towards the

lumen of the tube. There is often another free sui'face on

the exterior, due, I should say, simply to the growth of the

creature, and the consequent forcing apart of the liver-cells

(text-fig. 3). For this growth, Ganymedes is here in a very

favourable place, since the so-called liver, in addition to

producing digestive fei'ments, is the organ where a great

part of the food is absorbed ; and so, while the parasites may

enter on this period when measuring no more than 70 x 60 fx,

they often attain to the considerable size of 200 x 130 fi, and

I have seen one that measured 300 jn in its greatest length,

though its breadth was only 120 ^u. The shape is variable,

from a nearly perfect sphere to a long ellipsoid or ovoid.
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The two nuclei meanwhile become round and very large, and

possess ou one side a large lenticular nucleolus.

The next step in the cycle is for the associated couple,

while still in the liver-tube, to form a thick resistant coat

round itself : in so doing it becomes perfectly spherical, and

a process of concentration of cytoplasmic materials must take

place, as I have found none of these cysts with a diameter of

more than 115 im, and one only 85 /u across, the average being

about 100 ju.

The formation of the cyst wall of necessit}' closes the

trophic periods, and sporogony now presumably begins. I

say presumably, for I have seen no spores, nor even any of

the preparatory nuclear divisions. Two cysts in the liver of

a particular host showed nuclei with central nucleoli emitting

chromatin (fig. 17)—a phenomenon very common in Protozoa

at the close of vegetative life : and I have found a number of

the usual type of cysts free in the gut.

From these facts, and from analogy with other intestinal

Gregarines, we must suppose that after the formation of the

smooth cyst wall, the couples can be expelled from the liver

tubes (while those in the second trophic period remain in

place by virtue of their soft surface adhering to the similar

surfaces of the liver-cells), that they are then passed out by

the anus, and that it is only here, under the stimulus of the

changed conditions, that the processes leading to the pro-

duction of spores can take place.

This being so, it is probable that infection is casual, the

spores or sporocysts being taken in with the food—as,

indeed, might have been deduced from the feeding habits of

An asp ides. The infection is usually heavy (text-fig. 3),

and frequently seems to be multiple, cysts, motile Gregarines,

and associated immobile forms being often found all in one

host. The proportion of infected hosts was over 50 per cent,

in the case of those that were captured by Mr. Smith in a

small pool on one of the mountain becks of Mt. Wellington

;

but in those he obtained from a larger piece of water, the

infection was nil—or at least no parasites were forthcoming
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in the dozen or so of hosts that I examined. The time of

year seems to have no effect on any of the processes of the

parasites' life.

As regards the effects produced by Ganymede s, no incon-

venience seems to be suffered by the organism of the host as

a whole, and only trifling damage is done to individual

tissues. Those few cells of the gut epithelium to which the

Gregarines attach themselves look generally unhealthy, and

their nucleus becomes liyperchromatic (fig. 10) ; and the walls

of the liver tubes get more or less distorted by the growth of

the large couples in the second trophic phase : but in neither

of these ways can any serious harm be done.

After these preliminary remarks, we may now proceed to

consider in detail the structure of Ganymedes in its various

stages.

Detailed Account.

(i) The First Trophic Period.

Although the size of the smallest free Gregarines seen was

only 80—100 ju, yet I could find no points of difference

between them and the adults, save that in the young forms

the bodv has not attained to its full size relative to the

structures (soon to be described) situated at the extremities.

From these small forms all stages may be seen to Gregarines

400—425 ju long, and 23—30 ju broad, though the average
size is 250—300 /x x 17—20^.
The shape of the body is cylindrical, tapering slightly

towards one end, and considerably towards the other. The
thinner end is almost certainly anterior in progression, and

when attachment takes place, it is by means of a structure at

this extremity. This structure in favourable specimens is seen

to consist of a sphere connected by a thinner neck to the

main body: I propose to call it the ball, and the thin

extremity on which it is placed, the ball end. The other

end may be called the cup end, for here many individuals

possess a perfectly regular hemispherical depression, whose

VOL. 55, PART 1. NEW SERIES. 11
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outside walls continue the lines of the body : the whole is

marked off by a circular groove, thus rather resembling the

sucker of an Octopus.

Leaving the details of these organellae for the present, I

will now describe the main body of Ganymedes. This is of

the usual type seen in motile Gregarines. It is covered with

a firm cuticle, the longitudinal striations on which can be

easily seen (figs. 6, 10, 11). Just beneath this appears in

many cases a pale ectoplasmic layer, lacking the granules

of the central endoplasm : and though I have never been able

to demonstrate actual myonemes, yet from what we know of

other Gregarines it is probable that this layer is the seat of

the contractile structures which this free-swimming creature

must possess. The endoplasm proper is denser, and con-

tains granules. The whole cytoplasm is of reticular or

alveolar structure.

The nucleus lies more or less iu the centre of the body:

it is ellipsoidal : the folds and processes sometimes seen at

one end of it (fig. 15) being probably artefacts. Its breadth

is often very nearly that of the Gregarine, and it would some-

times touch the cuticle except that when it is large the body

bulges out slightly round it. It possesses a thin but distinct

nuclear membrane, within which is a reticulum with granules

on the threads—sometimes loose with largish grains (fig. 14),

sometimes finer (fig. 15). In addition there is present a

deeply staining spherical nucleolus, usually towards the cup

end of the nucleus. In it, a thin outer rind usually stains

deeper than the centi-al medulla, which is filled with clear

vacuoles of various sizes (figs. 14, 15). With Mann's

methyl-blue-eosiu it stains usually bright crimson to claret-

colour, often with a violet crescentic area on one side.

Returning now to the anterior extremity, we find that in

some cases there is, as above stated, a distinct stalked sphere

(figs. 7—10). This is covered with a cuticle thinner and less

firm than that of the body, the two passing into each other

round the narrowest part of the neck (fig. 7). The sphere is

filled with a quite homogeneous fluid, except at the extreme
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front end, where there is usually a sort of pad of fine-grained

cytoplasm projecting back into the cavity (fig. 8). In the

main body, behind the neck, is another spherical cavity,

apparently separated from that of the ball proper, and con-

taining a fluid that is not quite clear, but of a loose reticulate

structure (figs. 6, 7). Enclosing the hinder part of these

may sometimes be seen a dark crescent of nearly homogeneous

material (fig. 9).

So far, so good. In other cases, however, we find quite a

different appearance, thei-e being only one cavity present, and

all traces of a neck having vanished (figs, 3, 5). Closer

inspection shows that the cavity corresponds with that of the

true ball, as its contents are perfectly cleai*, and it has a

pad of cytoplasm anteriorly. The dark crescent may come
directly behind it (fig. 5), while the thick body cuticle

extends completely over it. The question then is, what is

the relation between these two conditions ?

It seems obvious that the ball can be extruded at will

—but in what way? Is it evaginated (pleurecbolic) or

is it acrecbolic, and, if the latter, is it pulled out by
muscular or elastic action or pushed out by some other

means ; and how is it retracted ? An examination of many
G-regarines (a task necessary owing to the absence of living

material, but laborious from the small size of the ball

—

8—10 /x across), has made it seem probable that it is acrec-

bolic, and pushed out by the accumulation of a watery fluid

behind it. As far as I can make out, the structures and
processes concerned are as follows :—The dark crescent {s.t.

in figs.) is a tissue which has the power of secreting a fluid

(w.) into a space anterior to it, thus driving the ball out

through an opening in the body cuticle. When the ball is

retracted, the elastic cuticle would be closed over the anterior

end ; and when extrusion has taken place, it would press in

and form the thin neck. One animal (fig. 2) shows what I

suppose to be an early stage of extrusion : the hole is just

being enlarged, so that the cuticle at its edge stands out as a

well-marked rim {cut. rim). In later stages (figs. 4 and 6)
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this rim will press against the convexity of the ball and thus

be difficult to see; it is only in the early stages of extrusion

that its inner surface will form an angle with the surface of

the ball, and thus stand out. The pad of cytoplasm (p.) is

always seen at the anterior end of the ball vesicle, showing

that there can be no question of invagination.

Retraction would then take place by the resorption of the

secretion ; while the ball seems to be kept in place by strands

from the ectoplasm (probable muscular layer), for this, and

this only, usually extends up the sides of the secreted fluid to

the ball vesicle (figs. 3, 5, 6).

When fixation takes place, the condition of things looks

somewhat different (fig. 10), and there is an open communica-

tion from the ball to the space behind it. Very possibly the

cytoplasm at the neck is temporarily dissolved so as to leave

this passage-way for the food absorbed by the ball to pass

further into the substance of the animal.

Finally, in association, the ball of one is extruded into

the cup of the other, and the cup then seemingly contracts so

as to hold the ball firm (fig. 9; text-fig. 1). It may be here

remarked that the free ball end in the couple in text-fig. 1 is

quite abnormal : it was pointed, and contained a pointed

cavity within it, but otherwise had none of the typical

structure.

The cup-end also presents various difficulties. When
well formed its structure is simple enough, and has already

been described. But at other times the hollow cup may be

quite wanting, the body ending simply in a rounded end with

rather thick ectoplasm (fig. 12) ; or, more often, there are

numerous vacuoles beneath the cuticle (fig. 13), with some-

times an irregular aperture in addition (text-fig. 2). What
the meaning of these variations is, and whether the cup-end

can pass from one state to another, I fear I cannot say.

It was from the presence of the cup that I ventured to call

this new genus Ganymedes, though the pedant will perhaps

maintain that this name should have been reserved for some
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parasite of Aquila. With the specific title anaspidis,

however, I think no one will quarrel.

(ii) Second Trophic Phase.

Between the two phases of trophic life no intermediate

stages were found, all the couples in the liver hjtving lost

every trace of the cytoplasmic structures of the Gregarinoid

form. All they possess is a thin cuticle (fig. 18), investing

a delicately-meshed cytoplasm.
The nucleus, on the other hand, has increased in com-

plexity (fig. 18). It is large and more or less spherical.

Text-fig. 2.

Diagrammatic view of the cup end of a Gregarine, to show the
opening on one side, and the numerous vacuolar spaces in the
cytoplasm.

with a thin nuclear membrane, and an achromatic network

in which there is very little chromatin present. The chief

interest lies in the nucleolus, which is peculiar in two

ways. First, it occupies an unusual position, right on one

side of the nucleus, somewhat like the lens of an eye, with a

considerable surface in contact with the cytoplasm—a state

of things not, I believe, known in any other Gregarine,

though Awerinzew (1) has described something similar for

a Myxosporidian ; and secondly, it possesses itself another

lens-like structure, projecting more or less into the cell-

body, and composed of a very pale-staining mesh work,

with its outer border not a smooth curve, but formed of the

slightly projecting parts of the component alveoli (fig. 18).
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This is perhaps the absorptive part of the nucleolus, taking

up from the c3'top]asm the soluble food Avhich this in its

turn has abstracted from the liver-tubes.

In the centre of the nucleolus, abutting on the absorptive

part, is often an area, with a reticular structure, staining

blue-violet with Mann's method. The remainder is com-

posed of a dense material staining deep red, in which are

embedded definite clear pink vacuoles. Towards the cyto-

Text-fig. 3.

Portion of a liver-tube of Anaspides with foiir couples of

Gany modes in it. The niiclei of the liver cells are repre-

sented only in one corner. I = hinien of liver tube. The
lig-hter parts of the parasites (e) are exposed on the exterior

of the liver-tube.

plasm these vacuoles project slightly ; when one sticks right

out, as at X, fig. 18 6, it is colourless, showing that the others

look pink only because there is red substance above and

below them. Towards the nucleus, on the other hand, the

vacuoles rarely project, the edge of the nucleolus being

usually clean cut. Text-fig. 4 represents diagrammatically

another nucleolus in which the absorptive area was ex-

tremely large.
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The nucleolus thus seems obviously to be the chief agent

concerned in the manufacture of food-stuifs (for theories

regarding the action of Mann's methyl blue eosin see Leger

and Duboscq (2) ).

What is the function of the rest of the nucleus in this

period remains uncertain, though its large size shows that

it must play some important part in metabolism. The chief

interest here lies in the behaviour of the nucleolus, which

migrates out to enter into direct relations with the cytoplasm

at the beginning of the second trophic period, when assimila-

tion begins to be greatest, and at its close, when all

Text-fig. 4.

Section of one of the niiclei of a conple in the second trophic

phase. The niicleolus does not project very far, and the
siu'face of the absorptive area is flnsh with that of the
niicleolvis, althoiigh tlie area itself is very large.

assimilation ceases, returns, as will be seen later, to the

interior of the nucleus.

(iii) Encysted Phase.

The cyst-wall, though always fairly strong, varies a good

deal in thickness. It stains bright blue by Mann's method,

bright red with carmine, but not strongly with hsematoxylin.

From it often project radially inwards curious irregulai-,

branching filaments, never reaching much more than a third

of the way to the centre, as to whose nature and function I

am quite in the dark (fig. 16).

The cytoplasm is reticular, with minute granules on the
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threads, and larger, chromatic granules here and there. It

always looks denser than in the unencysted forms.

The nuclei in what I take to be the earlier cysts are much
like those described for the second trophic phase, except that

they stain a little deeper, and that tiie nucleoli do not pro-

ject so far out from the surface (text-fig. 5). In the next

Text-fig. 5.

A cyst found in the gut. The nuclei are not actually touching,
but very near to each other. The cyst-wall is very thick in

this specimen.

stage (fig. 16) the nuclei, bounded only by a very thin mem-
brane, stain quite deeply, as they are almost filled with

chromatic granules of various sizes. The nucleolus is still

in contact with the cytoplasm, but its outer surface is now
flush with that of the nucleus. This outer border of the

nucleolus is made up of rows of minute vacuoles, while the
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rest is dense^ with a clean-drawn boundary towards the

interior, and homogeneous except for a few large vacuoles.

To this stage probably belongs the cyst in fig, 19, stained

by Mann's method. The nucleolus is blue, having given up
most of its chromatin to the nucleus, which is violet with

dark purple grains.

In fig. 17 we have another state of affairs: The nu-

cleolus, now retreated from the surface, seems to be giving

off chromatin to the nucleus in the shape of hollow spherules.

It is itself formed of a single central vacuole, surrounded by
a layer of small ones embedded in a dense chromatic cortex

(the lower nucleolus is cut tangentially, and so does not show
this condition). The nucleus, apart from the chromatic

spherules, appears perfectly homogeneous, with no achro-

matic network, and differs also from the nuclei of other

stages in being amoebiform, with " pseudopodia " that can

be very clearly seen on focussing up and down.

From what we know of other Gregarines, it is clear that

these stages are preliminary to the breakdown of the large

trophic nuclear apparatus, and the reconstitution of the

idiochromatin to form the gametocyte nucleus. But, as

above mentioned, the cysts soon after this pass into the gut

and out by the anus, so that their further development

must remain for the present unknown.

Conclusions : Systematic Position.

Though here more than ever must we lament the absence

of spores, it is still possible to draw some fairly definite

conclusions. To start with, Ganymedes is not a Polycystid,

nor does it belong to any existing family among the Mono-
cystids. Thus a new family, the Ganyraedidae, must be

created, whose characters will provisionally be those of the

genus : these may be here conveniently summarised as

follows :

(1) The possession by the motile form of a special exten-
sible organ at the front end, which may serve for fixation

to the cells of the host.
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(2) The presence of a special cup-like structure at the

posterior end, which co-operates with the epimeritic organ

at the anterior end to effect a close union of two individuals

during association. Association is thus by dissimilar ends,

and lasts for some time.

(3) The eventual complete cytoplasmic fusion of the

associated couples, and the existence of a second trophic
phase, when the animals grow very fast, but are morpho-

logically quite degenerate.

(4) The position of the nucleolus in this phase, on one

side of the nucleus, partly in contact with the cytoplasm.

(5) The habitat, in the gut and liver of Syncaridan

Crustacea.

Considering these characters in relation with other members
of the class, we find that no known Gregarines inhabit the

liver of any Crustacean ; none have the nucleolus in the same

position; none go through two trophic phases; none have

any special structure for association at the posterior end

;

and none have a protrusible organ of the same sort at the

front end. It is thus at least obvions that Ganymedes is the

representative of a very divergent line. The suggestion I

would make is that, while nearer to the Monocystid type,

Ganymedes is partly intermediate between the two great

groups of Eugregarines, as represented diagi-ammatically in

the following tree :

Polycystidea. Ganymedes. Monocystidea.

Ancestral Eugregarines.
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In the first place, the ball and the cavity containing the

secreted fluid represent with great probability an epimerite

and protomerite. True, there is no cuticular septum; but

the secreting tissue forms a fairly definite barrier between

these on one side, and on the other the deutomeritic posterior

part. Here alone, it is to be remarked, do we find the true

granular endoplasm. Occasionally, too, this latter can be

seen ending off with a definite contour within the secreting

tissue (fig. 3). The ball itself, when extruded, would pass

for a typical epimerite save for the absence of a septum

behind it ; but in so far as it is protrusible, it is only paralleled

by the anterior extremity of Lankesteria ascidise (Sied-

lecki, 4). This, however, seems to be mei'ely a pseudo-

podium, or a drop of the hyaline inter^reticular substance of

the cytoplasm pressed out through a hole by contraction of

the animal, and its extrusibility has obviously been inde-

pendently evolved.

The fact of its being a parasite of the digestive tract is the

second link with the Polycystidea. The only Monocystid

gut-parasite whose life-history has been thoroughly worked

out is Lankesteria, and this possesses an '^ epimeritic

"

oi'gan. The three or four other genera of this sub-class that

live in the gut, such as Callyntrochlamy s and Ancora,

are very insufficiently known ; it is even possible that they

may be Polycystid in early stages.

Regarding the matter phylogenetically, we find that the

early Eugregarine stock must have been motile, Polycystid

gut-parasites ; their association was by dissimilar ends, and

took place only at the very end of the trophic period ; and

they showed well-marked anisogamy.

One of the first steps towards the typical Monocystid

condition was the change of habitat, due very likely in the

first instance to the evagination of the full-grown tropho-

zoites from the gut into the coelom—as takes place to-day

in certain insect-parasites at the time of the host's meta-

morphosis. For a full discussion of the further stages,

leading eventually to complete isogamy, coupled with entirely
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coelornic habitat, precocious association, and degenerate

structure, the reader is referred to Woodcock (6). SuflBce

it here to say that the course of affairs in Ganynnedes must

have been somewhat different. It is probable that Gany-

medes at first associated only at the close of the trophozoite

stage. Some of the couples having migrated into the liver,

found it (like the coelom for other Monocystidea) a safe

retreat and abounding in soluble food. Here too the

Gregarine could afford to dispense with all the structures

necessary for a life in the open gut, and devote all its

energies to growing. One might have thought then that

Ganymedes Avould have associated in the sporozoite stage,

like Cystobia, and migrated at once into the liver; but,

whether non-motile couples below a certain size could be

expelled from the tubes or be engulfed and digested by the

activity of the liver-cells (see Smith, 5, p. 536), or from some

other cause, Ganymedes has found it necessary to remain

in the gut till it has attained a definite bulk, thus presenting

to us the phenomenon of two sharply-distinct trophic phases

after the sporozoite stage. As the parasites are non-motile

when they are about to sporulate, conjugation must needs be

precocious, so that no Gregarine shall migrate alone into the

liver, and thus be, from the point of view of the species,

wasted. For this fairly lasting association some special

mechanism was impei-ative, hence the cup and ball; while

the necessity of remaining some time in the gut has led to

Ganymedes retaining more of the original Polycystid

structures than is usual in the morphologically degenerate

Monocystidea. Finally, although the sporogony remains

unknown, it may be confidently prophesied that this Grega-

rine will be found to be completely isogamous.

Thus it will be seen that the Ganymedidae diverged

very early from the Monocystid stock, and possess now

many new and peculiar charactei-s intermixed with those

they have inherited from the common ancestor. For the

complete disentangling of these from each other, further

work must be done on Ganymedes, and in addition all
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Syncaridan Crustacea should be searched for allied parasites,

whose structure would at once give us new standpoints from

whence to view the problem.
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EXPLANATION OF PLATE 11,

Illustrating Mr. Julian Huxley's paper "On Ganymedes
anaspidis (nov. gen., nov. sp.)."

Reference Letters for the Figures.

b. Ball-cavity, c. s. Cuticular striae, ect. Ectoplasm (probable myo-
cyte layer), p. Cytoplasmic pad at anterior end of ball. s. t. Secreting

tissue. V. Yacuoles. iv. Secreted fluid that accumulates to drive the

ball out.

Bor.-car. Borax carmine. Paracarm. Paracarmine. Heem. Hsema-

toxylin. M. B. E. Methyl-blue eosin (Mann's method).
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PLATE 11.

Fig. 1.—Large individual at the close of the fii'st trophic stage, with

well-formed cup. (Paracarm. x 640.)

Fig. 2.—Ball end of the same, to show the ball being pushed out

through the hole in the cuticle ; the edges of this hole stand out

markedly as a rim (cut. rim). ( X 1300.)

Figs. 3-8.—Ball ends of various Gregarines in different condi-

tions.

Fig. 3.— (Semi-diagi*ammatic). Very slightly extended.

Secreting tissue very lai'ge, with the granular endoplasm

(e,) ending off within it. Outside is a non-granular layer

(62), and just l)eneath the cuticle the still paler ectoplasm,

extending on the left to touch the ball-v^esicle. (Bor.

Carm. X 1875.)

Fig. 4.— Semi-extended. The secretion of the secreting

tissue is fairly dense. The douVjle contour of the hinder

part of the Isall is well seen. There seems to be no

ectoplasm. (Iron Haim. x 187.5.)

Fig. 5.—(Semi-diagrammatic.) Completely retracted. Very

large cytoplasmic pad (p) with dark grains in it. A
large dark granule in the secreting tissue. The ectoplasm

extends to touch the ball. (Iron Hann. x 1875.)

Fig. 6.—Almost extended. The secreted fluid has here a wide-

meshed structui-e. The thick body-cuticle ends abruptly

where it touches the ball, which possesses only a thin

cuticle. Cuticular striae are seen on the under surface.

No well- differentiated ectoplasm. (Iron Haem. x 1875.)

Figs. 7 and 8.—(Semi-diagrammatic.) Completely extruded.

In fig. 7 the neck of the ball is well seen, also the more delicate

nature of the ball's cuticle. No cytoplasmic i^ad is visible.

In fig. 8 the ball is directed slightly upwards. The cuticle is

distended round the secreted fluid, showing that this is

under pressure. (Paracarm., fig. 7 X 1300 ; fig. 8 X 1875.)

Fig. 9.—Section (5 n) through the point of junction of an associated

couple in the first trophic phase. The cytoplasm of the ball individual

(A) is denser than that of the other (b). (M. B. E. x 1300.)

Fig. 10.—Section (5 fi) through the jsoint of attachment of a mobile

Ganymedes to a ceU of the host's gvit. The cuticular stria? are well

seen. The ball is thrust into the host-cell, and contains a fluid that is

not clear, the reticular structure being probably due to the coagulation

of absorbed food. There is an open passage thi-ough the neck into a
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cavity in the body of the parasite. The cytoplasm contains numerous
deeply-staining granules. The nucleus o£ the host-cell (n) is large,

darkly-stained, and homogeneous, except for some dark grains. (Iron

hsem. X 1340).

Figs, 11-13.—(Semi-diagrammatic). Cup-ends.
Fig. 11.—Cup-end of the Gregarine whose ball-end is shown in

fig. 5
;

(a) is focussed near the upper surface, and shows

how the cup is separated from the body by a cii'cular

groove ; (b) shows the greatest diameter ot the cup. (Ii'on

Hffim. X 1875.)

Fig. 12.—Cup-end of another Gregarine, to show absence of

all differentiation. The ectoplasm is thicker at the end

than elsewhere. (Paracarm. x 1300.)

Fig. 13.— Section of the cup-end of Gregarine a in fig. 9, to

show the numerous vacuolar spaces beneath the cuticle.

(M. B. E. x 1300.)

Figs. 14 and 15.—Sections (5 /*) to show the structui-e of the nucleus

in the first trophic phase. (M. B. E. x 1300.)

Figs. 16 and 17.—Sections of cysts.

In fig. 16 the filamentous inward projections fi'om the cyst-wall

can be seen. Small chromatic granules fill up the nucleus
;

there is no sign of an achromatic network. The nucleoli

are retreating to the interior of the nucleus. (Iron Hsem.

5 fix 970.)

In fig. 17 the nuclei are amoeboid, filled with a homogeneous
sap in which are hollow chromatic spherules, apparently

emanating from the nucleoli. The cyst-wall is crumpled,

and in one place a flaj) of it has got detached so that

its surface-structure is seen. (Ehrlich's hsem. + eosin

10 fix 800.)

Fig. 18a.—Section (5 fi) through an associated couple in the second

trophic phase. The reticular nature of the cytoplasm is not indicated.

(M.B.E. x610.)

Fig. 186.—The next section in the series. The nucleolus and the

outline of the nucleus ai-e given, more highly magnified. The three

areas of the nucleolus and their structures are shown (see text). At x

a vacuole projects beyond the general surface, and is seen to be colour-

less. (M.B.E. X 870.)

Fig. 19.—Section of a cyst, to show the alteration in staining reactions

of nucleus and nucleolus in this stage (see text). (M. B. E. x 400.)
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The Foetal Membranes of the Vertebrates.

An Address reprinted from the ''Proceedings of the
Seventh International Zoological Congress "

HELD at Boston, 1907.'

By
A. A. W. llnbreclit.

I WAS honoured by the request of the Executive Committee

to give an address at the first meeting' of the Embrj^ological

Section of the Seventh International Zoological Congress.

I hope that in choosing for my subject the present state of

our knowledge concerning the fcBtal membranes of vertebrates

I can avoid the disadvantages of too much special detail, and

can at the same time call your attention to the fact that these

foetal membranes offer a very wide field for theoretical specu-

lation, that may in its turn influence our views concerning

certain important phylogenetic problems.

The foetal membranes of vertebrates are known to occur in

reptiles, birds, and mammals. The enibryological hand-books

tell us that they are absent in amphibians and fishes.

In consequence, a primary subdivision of the vertebrates

has been instituted, those with foetal membranes being classed

as Amniotaallantoidea, those without them as Anamnia anal-

lantoidea. From this nomenclature any close observer, even

when he is not a zoologist, may safely conclude that one of

the foetal membranes carries the name of amnion, the other

1 At Professor Hubreclit's request this address is here reprinted. It

will assist readers in apprehending the conclusions which Professor

Hubrecht holds to be rendered probable by the large memoir published

in this Journal in November, 1908.

VOL. 55, PART 1. NEW SERIES. 12
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the name of alUintois. An older, now more obsolete, sub-

division into Achoria and Choriata reveals the presence of a

third membrane, the chorion, aljoiit whicli we will have more

to say hereafter, and which will explain how this third mem-

brane came to fall—so to say—between two stools, when the

division into Amniota and Anamnia was established.

If we now take into account that neither chorion nor

amnion nor allantois was ever detected in fishes or in am-

phibians, then we must recognise that the problem, how these

fostal membranes of the vertebrates did ai-iso, is one well

worthy of full consideration.

Up to now attempts to explain their gradual evolution have

utterly failed. So, for example, the suggestion of van Beneden

and others that the amnion, as a protective membrane, arose

in consequence of the early etnbryo sinking into the yolk-sac,

whicii closed up above it, has long since been abandoned.

Also Haeckel's idea that the allantois arose by a precocious

segregation of the urinary bladder of an early amphibian

which took the habit of carrying blood-vessels, at a very

eai'ly stage, to the outer wall of the blastocyst, must be

dropped by all who object to predestination in evolutionary

processes. Whenever an explanation offers itself which does

afford a clue to a more logical sequence of events, it should

be preferred.

And turning finally to the outer layer, the chorion, who can

be satisfied with the lame explanation that the appearance of

this membrane is a necessary sequel to the formation of the

amnion, which we find inside of it, and which later, in so

many orders of mammals, never even arises by folds, which,

however, in their turn are necessary to explain the chorion's

appearance ?

The subsidiarv explanation of all the three embryonic

envelopes, whicli I am going to offer you on this occasion,

seems to me to have the great advantage of simplifying

matters ; especially in this sense, that henceforth we can link

them all three to one simpler and earlier stage (which must

have preceded in the Carboniferous and in earlier geological
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epochs) without having to look for incipient stages of any of

them among our present ichthyopsids. Nay, we may even

say that of this earlier, archaic starting-point evident traces

have been preserved in the teleostomes, the dipnoi, and the

amphibians, so that we have to reconsider most seriously

whether it will be wise to go on subdividing the vertebrates

into the two subdivisions of those that have and those that

have not the foetal envelopes above mentioned.

Now let us consider the facts as they present themselves to

us, when we want to test the question whether one single

original foetal envelope could not after all be at the bottom of

the three complicated involucra we have just mentioned. As
far as I can see, we are only in need of this one assumption,

that an invertebrate ancestor was possessed of what we call

an exterior larval layer (such as are not uncommon among
different worms, and. as we find them, with certain further

complications, in some arthropods), to be able to explain how,

in their vertebrate descendants, chorion, amnion, and allantois

gradually came into being.

Part of this hypothetical assumption we see actually realised

under our eyes wherever one of the mammals goes through

its normal stages of development.

We find that the cell-material out of which the embryo is

going to be built up is surrounded by an expanded cell-layer,

which takes no part whatever in the composition of the future

embryo. Here we actually have our single larval layer that

will be stripped off later, and that surrounds what are going

to be the formative cells.

In all mammals it is this very larval layer which will become

the outer wall of the blastocyst, what we have above called

the chorion.

But before following it in its further transformations, we
have to ask ourselves, what can be the reason that this outer

larval layer, this trophoblast, is so far away from the formative

cells of the embryo which adhere to it only at one point ?

We have only to recall the fact of the pilidium larva, in

which, similarly, the distance between the outer layer and the

12 ,S



180 A. A. W. HUBRECHT,

cell-material, which is going to be the new worm, is also very

considerable, to remove the objection that in this respect

mammals would stand isolated. And we may go one step

further and say that it is easy to nndei-stand wiiy this con-

siderable extension of the outer larval layer has come into

existence. When we look back along the line of phylogetietic

descent we can imagine that at the period when, for the first

time, aquatic animals became inhabitants of the land, four-

footed instead of four-finned, and adapted for aerial breathing

in addition to their respiration by the aid of gills, it may have

been a gi-eab advantage to them to become viviparous at the

same time, i.e. to keep their developing eggs inside of them,

Avhere they are better protected and can be better nourished

than outside of the mother. The atmosphere and the dry

land offer less favourable conditions for the development of

that small amount of protoplasm that forms the primordium of

each new being than does the water, and so viviparity is likely

to have been a parallel phenomenon to the exchange of the

aquatic for the terrestrial existence.

We can see clearly that once an embryonic envelope, one

cell-layer thick, being present (on our original assumption, as

far back as the invertebrate ancestor), that this one-layered

larval envelope could obtain high efficiency for the incipient

viviparity if only it bulged out as much as possible, thereby

—

(1) Preventing the egg from passing through the genital

ducts rapidly and being deposited, so to say, accidentally.

(2) Enabling the egg to adhere in various ways to the

maternal tissues, either as a simple mechanical improvement

of what was attained (1), or at the same time inducing phago-

cytotic attacks on that maternal tissue.

(3) Creating the occasion for individual trophoblast cells

of this outer layer to absorb fluids either from the uterine

cavity or accessory to the phagocytic processes alluded to

under (2), and thus accumulating nutritive material inside the

blastocyst.

Furthermore, it is equally clear that, once the viviparity

having been establised, and the surface extension of the
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trophoblast g'oing parallel with ifc, a yet more efficient mode of

nutrition than the one alluded to above under (3) might be

obtained if the embryonic vascular system, which was slowly

coming- into existence on the hereditary plan of development,

succeeded in spreading- out, in one way or another, on this

outer trophoblastic layer, and would enter into osmotic inter-

change with maternal blood.

Finally, the protection of the embryonic shield during its

further development by some sort of appliance resembling a

water cushion would, in these incipient viviparous animals,

undoubtedly have been a most efficient variation, for the

earliest origin of which we have simply to go back to the

early stage in which we noticed the formative cells of the

embryo adhering to the larval layer, the trophoblast, in one

spot only. Suppose that in further development this sessile

attachment to have become converted into a circular adhesion

—by fluid accumulating between the trophoblast cells and the

formative cells, as we see it happen under our eyes in Erinaceus

and Gymnura—we then find that the water-cushion, in casu

the amnion, took its origin in a most simple fashion, whereas

the chorion is in no way dependent on it, but has preceded it

as as earlier formation.

The rapid summary here given shows us that the assumption

of a single monodermic larval layer is quite far-reaching

enough to allow us to understand how, out of it, chorion,

amnion, and allantois (the latter as representing one form of

early vascularisation of the trophoblast) have gradually come

about.

The only change we have to make, in what I might

designate the present " fashion" in comparative embryology,

is that we look upon the earliest ancestors of mammals not as

oviparous, yolk-laden vertebrates, but that we acknowledge

them to have been viviparous animals with blastocysts that

obtained vesicular shape from quite other motives than an

eventual " loss of yolk," such as Rabl has attempted to prove.

Here, then, is the place for an appeal to paleeontologists. They

have no shadow of direct interest in foetal envelopes which are
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never met witli in the fossil condition ! But they may, never-

theless, be all the more impartial judges when we have to

choose between two different assumptions: the one given in the

hand-books, according to which mammals must, through the

Ornithodelphia, be derived from some oviparous sauropsidian

ancestor, or the one here advocated, according to which a

viviparous Prototrapod, provided with an adhesive and dis-

tending larval layer diverged into various directions, some of

the descendants utilising the conditions of growth and develop-

ment (such as they find them) with the highest degree of

intensity and becoming primates, others applying their tropho-

blast to nutritive purposes in more diverse and less direct

ways, becoming the ancestors of most of our other Mono-

delphia and Didelphia. Others, again, going a certain distance

with the preceding, but then acquiring yolk-laden eggs

(Ornithodelphia), whilst yet other very effective branchings

off in various directions gave rise to the primitive sauropsidian

ancestors.

The difference between the saui'opsidian and the amphibian

descendants of the protetrapods need no longer be so incisive

—as those zoologists that divide the Vertebrates into Amniota

and Anamnia would make it. The hypothesis here brought

forward proposes to look upon what we know as the Decks-
chicht of the early larval Amphibia and Dipnoi, and even of

the teleostomes, as a last remnant of the very larval layer from

which we started in trying to explain the foetal membranes of

vertebrates according to what seems to me a simple plan.

We have now to look a little closer into certain details, by

which we may be enabled to judge of the greater or smaller

degree of tenability of some of the views here brought forward.

We notice that all the Mammalia-monodelphia, that have

up to now been observed in very early stages, fully confirm

the strong antithesis which in those early stages prevails

between the trophoblast and the embryonic cells strictiori

sensu. We also notice this in the Didelphia, as far at least

as Selenka's figures for the opossum go, although he himself

has not interpreted the facts he brought to light in the same
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way as I do. Similarly, Wilson and Hill, in their latest paper

on the development of the duck-bill, give us figures of sections

which make it probable that the distinction between tropho-

blast and formative cells holds good here, even thougli the

development of yolk has obliterated the sharp outlines of the

process.

Again, in reptiles and birds traces of the larval layer have,

in later years, been unmistakably noticed. Schauinsland,

Mitsukuri, and Mehnert were among the foremost to coutri-

bute facts in thio direction, although at the same time they

failed to see the essential points of comparison with the

mammals. This failing on their part is all the more explicable

as the bird's egg, which has always served as the prototype

even of mammalian development, does not clearly bring out

the fundamental distinction that exists between trophoblast

and formative matter o£ the embi-yo.

The gradual obliteration of this distinction may, perhaps,

be ascribed to the fact that in these sauropsids, as in the

ornithodelphia, a shell has developed, which naturally tends

to I'elegate any outer larval layer to the pension list.

Concerning the yolk accumulation in the sauropsidian egg,

there is no trouble at all to suppose that the vesicular blasto-

cyst of an early viviparous ancestor has gradually become

yolk-laden. The contrary assumption, found in the hand-

books, that the mammalian egg, while totally losing its yolk,

has yet preserved the identical developmental features as the

sauropsid, is, in reality, much more difficult to reconcile with

sound evolutionary principles.

We have seen that a simple clue to our understanding of

the complicated foetal envelopes of the sauropsids and the

mammalia is the assumption of a simple larval layer, one cell

thick, among the invertebrate ancestors.

We must be ready to admit that this one factor has un-

doubtedly given rise to an endless number of variations and
modifications in those innumerable families, genera, and

species which have come and have gone, ever since the time

when viviparity and terrestrial life became an established fact
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in the vertebi-ate kingdom. Wliat is preserved to us in the

I'ecent fauna inhabiting tliis planet is only the faintest echo of

the multitudinous and protean changes that have, during the

course of time, succeeded one another. And it has been our

mistake to attempt to co-ordinate the present stages of de-

velopment with each other iti such a sense that they were

expected to represent, in lineary arrangement, the successive

evolutionary stages of those foetal envelopes.

How false the conclusions may be to which this method may
lead us is best exemplified by what is at present often taught

concerning, e.g., placentation, a phenomenon in which the

outer larval layer, the trophoblast, plays such a prominent

part. You will find in the text-books that this was started

l)y what is called the diffuse placentation as it is at present

met with in many ungulates, in the lemurs, and in certain

Edentates. It is my conviction that this doctrine is utterly

false. The diifuse placentation is no placentation at all ! The

horse and the lemur are, by birthright, aplacental animals,

much more so than marsupials, such as Perameles aud

Dasynrus, which have hitherto ranked among the Mammalia

aplacentalia. And still, by careful comparison of various

data, we can soon discover that the diffuse placentation, and

that variety of it which is styled the polycotyledouary, far

from being arcliaic or primitive, is, on the contrary, very largely

a secondai-y modification. Among the living Carnivora we

find several intermediate stages, not in the sense that these

have been phylogenetic transitions, but in that wider sense

that these Carnivora demonstrate the possibility how more

intricate placentary structui'es may finally have led up to a

diffuse placentation, as that of the horse and the pig, conse-

quent upon an increase in the area of surface contact between

mother and foetus. What was originally a small surface of

intense interchange (Procavia) has then gradually become an

extended surface, along which two epithelial layers, one

maternal and one foetal, between the blood of the mother and

the blood of the embr3^o, offered no impediment for a suflBcient

interchange of nutritive matter and of oxygen.
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If we do not accept the starting-point in the phicentation-

process to be represented in the ung-uhite arrangement, a

proposal whicli the systematic position of the Ungulata would

in itself render doubtful, we must tlienlook for another phylo-

genetic sequence whicli will help us to rightly interpret that

momentous process of placentation. And here the important

results of Hill's investigation of very intense placental pheno-

mena in some marsupials, such as Perameles, have great

weight.

We may fairly conclude that kangaroos, phalangers, oppos-

sums and other marsupials have only gradually become

aplacentary, parallel to those other formidable changes which

must have accompanied the elaboration of that peculiar type

which we call our recent Didelphia, in which the dentition,

the lactation, and those adaptations of the new-born animals

for nutrition during their life inside the marsupium form such

distinctive characters.

And so if the Didelphia are in reality eri'atic Monodelphia

secondarily modified and with an allantois that has been thrown

out of the line of its normal development, with the exception

of Perameles, Dasyurus, and in part Phascolarctos, then we
have again to look, not amongst them, but amongst the

Monodelphia, for such forms that can give ns an indication as

to what may have been the primitive stage of placentation.

And I may here state that my own researches on the

placentation of both primates and of insectivores have led me
to the conclusion that we should look in quite another direction

than the one alluded to above, which starts from diffuse

placentation. In the earlier part of this address 1 have con-

sidered those early phylogenetic stages when, in viviparous,

air-breathing tetrapods, the larval layer, the trophoblast,

found the most diverse possibilities open to it.

I believe that those forms of which the embryonic tropho-

blast actually attacked the maternal uterine mucosa phago-

cytically were the pioneers towards the formation of what has

later become the discoid placenta. In some forms, even

among our recent mammals, that phagocytic attack is com-
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bined with a penetration of the whole bhistocyst inside the

maternal tissue, e.g. man, anthropomorphae, hedgehog, Gyra-

nura, and many rodents. This was naturally a far higher

position of vantage than any peculiar fixation inside the

lumen of the uterus, for now, when once the blastocyst was

encapsuled inside its mother's tissues, it could be most

thoroughly bathed iu maternal blood without any extravasa-

tion into the uterine lumen. To take three examples of this

we may allude to the guinea-pig, the hedgehog, and man.

Still, all these utilise the favourable conditions offered to them,

thauks to their situation inside a capsula or decidua capsularis,

in a very different manner.

There is a most remarkable amount of similarity between

the hedgehog and man, as far as the conditions are concerned,

which the mother olfers to the young. But then the embryo

itself of man has seen its way to much more intense utilisation

of these favourable conditions than the hedgehog embryo has.

Principally because the vascular system of the hedgehog

develops iu a sequence of stages, which serve to bring its

area vasculosa on the umbilical vesicle in primary contact

with the profusion of maternal blood by which the blastocyst

is surrounded.

On the contraiy, in man this area vasculosa on the umbilical

vesicle is not in contact at all with the maternal circulation.

In man it is more devoted to hgematopoietic functions, i.e.

to the formation of new blood-corpuscles for the embryonic

circulation. But in another respect the human blastocyst has

got far ahead of that of the hedgehog, in so far as the de-

veloping embryo has succeeded in vascularising its outer

larval layer, its trophoblast, at a quite exceptionally early

moment, without the aid of any allantoic outgrowth, and

simply iu consequence of a very early segi-egation of certain

portions of the mesoblast, into which the entoderm sends both

blood-vessels and blood-corpuscles. This very early vascula-

risation of the trophoblast leads to a most intense osmotic

interchange between the blood of mother aud child—far more

intense that what obtains in the hedgehog, where an ompha-
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loideau placentation precedes an allantoidean one, the allan-

tois being a vesicular outgrowth, as it is in so many mammals
and in all sauropsids.

I cannot refrain from looking upon the vascularisation of

the outer larval hxyer or trophoblast, such as it occurs in man,

in the monkeys, and in Tarsius, as the more primitive arrange-

ment of the two. And in that case the presence of a connect-

ing stalk (Hafts ti el) and the absence of a free allantois in

man, monkeys, and Tarsius is not a secondary simplication,

but a primary fact of high importance. What is known as

the allantois tube inside tlie so-called Haftstiel or Bauch-
stiel of man, monkeys, and Tarsius, is not the remnant of

what was once a vesicular allantois, but a remnant of that

pai't of the entoderm which has served towards the vasculari-

sation of the trohpoblast. It is this portion of the entodermal

surface which will become the free allantois in those other

descendants of the primitive tetrapods, which have not

adhered to the very direct line of utilising most fully and as

early as possible all favourable circumstances. This most

direct line leads up straight to the primates. Less direct lines,

in which conditions of different or of slower vascularisation

have come to the foreground, are, however, represented in

various orders of monodelphian mammals, nnd further in the

Didelphia, the Ornithodelphia, and in the different subclasses of

sauropsids. In the latter the allantois has grown to the

dignity of a separate fcetal membrane, which co-operates to

the further ensheathing of the developing embryo, and which

carries the blood-vessels for respiratory purposes to the inner

surface of the egg-shell, whereas, in the ancestral viviparous

forms, the same vessels were more directly distributed over

the inner surface of the outer embryonic larval layer, in order

to improve the nutritory conditions which had been inaugu-

rated by phagocytic action of the trophoblast cells on the

maternal tissues.

This, then, is a short sketch and a rapid review of how the

foetal membranes of the vertebrates may be looked upon if

we make certain changes in the interpretations that have
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been hitherto adhered to, but by whicli latter nobody has as

yet succeeded in clearing up the actual phylof^enesis of these

foetal membranes.

Full and extensive investigations of all those numerous

genera of mamuials that have not yet been examined will, I

hope, in due time give us occasion to complete or to modify the

views here advocated.

It was a great pleasure to me to offer them, tentatively, in

an address which I was invited to give in the section of

embryology of this Seventh International Congress—a section

which, with good right, has been called into life for the first

time at this meeting in Boston. Embryological problems

have been attacked by American investigators with wonder-

ful results, and the lucidity of exposition that is characteristic

of so many of your embryological workers is only equalled

by the beautiful transparency of the eggs of those marine

animals on which so many important researches on cell-lineage

have been conducted.

That I have been less clear is not only a congenital defect,

but is parallel with the utter hopelessness of our expecting

that we shall ever be able to follow the cell-lineage in the

deeply hidden and exceedingly small mammalian eggs. Still,

a full knowledge of that very cell-lineage would be eminently

decisive for many of the questions that have occupied us in

the course of this address, to which you have listened with so

much patience.
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Introduction.

Thk part played by insects as agents in the transmission of

the pathogenic organisms of sleeping sickness and other pro-

tozoal diseases gives great importance to the investigation of

the parasites found within them. It is necessary for any-

one seeking developmental stages of pathogenic flagellate

Protozoa to have also a first-hand working knowledge of the

possible flagellates that may be purely parasites of the insect

involved, for certain stages of insect flagellates may resemble

possible developmental ]ihases of such organisms as Trypano-

somes. Much useful information regarding stages of flagel-

lates can be gained from the study of such a parasite as

Crithidia melophagia (Flu), occurring in the alimentary

tract, ovaries, and ova of the sheep-" ked," Melophagus
ovinus. This insect, Avhich is blood-sucking, is also known

as the sheep-" tick " or sheep-" louse." It belongs really to

the Diptera (Hippoboscidse), possessing extremely reduced

wings.

Crithidia melophagia (Flu) was recorded by E. PfeifFer

in 1905, but not named by him. The parasite is of peculiar

interest, for I am able to bring forward evidence of a double

mode of infection, both hereditary and casual. Swingle (1909)

studied the flag-ellate staores and brieflv described infection in

the egg of Melophagus. Flu (1908) found parasites in the

gut, ovaries, and larva, but was not clear as to the mode of

infection (see p. 211).

Owing to conditions of environment it was impossible to

conduct the whole of this investigation in a large city. Con-

S(»quently the work has entailed travelling, and I have to

thank many friends in agricultural centres for their kindly

help.

Material and jMethods.

Many specimens of Melophagus ovinus were examined

during a long period of investig-ation, but owing to the

effective operation of the dip laws in England there was
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much difficulty in obtaining the ^' keds." ^ Indeed, it seems

probable that the sheep-ked may soon become almost extinct

in England. Those obtained came in very small numbers from

many localities in the south of England, namely, Sussex,

Hampshire, Kent, Middlesex, and Gloucestershire. I also

received a number of keds from different parts of Scotland,

but these never contained the Crithidia.

Many of the Melophagus, however, were infected by a

fungus (see Appendix II). Where fungus was present

Crithidia very rai*ely occurred. I shall show later, from

experimental evidence, that this fungus was fatal to the

Crithidia (p. 210).

Unlike Swingle (1909), who found that practically every

Melophagus he examined in Nebraska was infected with

Crithidia, I found that this Avas very far from being the

case. Much depended on the locality from which the Melo-

phagus was obtained. The more heavily infected individuals

came from the southern districts of England. Often entire

stocks of keds from one locality proved to be uninfected.

Again, it was impossible to keep keds alive more than three

days after their removal from the sheep.

Both young and adult Melophagus and many puparia in

all stages of development were carefully examined. Raising

puparia naturally upon a sheep was tried, but was not an easy

matter, and as one could not be sure of having infected keds,

there was always a percentage of uninfected puparia.

Eor observations of the living organism two methods of pro-

cedure were followed. The alimentary canal was isolated and

divided into oesophageal, crop, stomach, intestinal and rectal

portions, which were separated one from another. These

were either teased with needles, mounted in 0*75 per cent.

salt solution, and covered, the cover-slip being carefully

vaselined, or the contents of the isolated portions of the gut

were expelled by gentle pressure, and these only were

examined, being mounted as before. Alkaline methylene

' In this paper I shall frequently use the term '' keel " to denote

Melophagus ovinus.
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blue and neutral red were occasionally used as intra-vitam

stains and were sometimes useful.

For fresh preparations used in work on hereditary infection,

the ovaries and gut were dissected out very carefully, kept

as far as possible relatively in situ, and mounted in 0'75 per

cent. NaCl solution. The behaviour of the Crithidia visible

through the walls of the gut and tlieir action when they

passed out from it were then most carefully watched.

I have attached very great importance to the study of the

living organism in all its phases.

For making permanent preparations the alimentary tract

of the Dipteran host was carefully removed and divided into

portions as before. These isolated portions were usually

teased very finely and fixed wet. Formalin vapour and osmic

acid vapour were chiefly used for instantaneous fixation of the

hanging-drop preparations, which were then spread. The

preparations were subsequently treated with methyl or ethyl

alcohol. Corrosive-acetic-alcohol (Schaudinn's fluid) and

Bouin's fluid (slightly modified and containing a little alcohol)

were also used for fixation.

Various stains were employed. Giemsa's stain gave some

pretty results; thionin acted rapidly and well; iron-haema-

toxylin, carefully differentiated Avith iron-alum, was very

serviceable ; while gentian violet and Delafield's htematoxylin

were of great use, particularly in obtaining details of the

membrane and flagellum.

In the investigation of Crithidia melophagia, as in all

other flagellates on which I have worked, I found that pre-

parations mounted in neutral Canada balsam were superior

to dry films or to films mounted in any other media.

Preparations of ovaries, eggs, and puparia were treated

similarly. Special methods adopted are detailed in the section

dealing with hereditary infection (p. 204).

DiSTEIBUTION OF THE PaEASITE IN THE HoST.

The Crithidia parasitic in the alimentary canal of Melo-
phagus are often mixed with the blood obtained by the ked
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from the sheep. This blood from the sheep in the cesophagus,

crop, and anterior part of the stomach of Me lop hag us is

always fluid, and of an extremely bright red colour. That in

the remaining part of the stomach is duller red but fluid, and

in the intestine the blood, now semi-digested, is always

darker in hue, sometimes brownish or greenish, while in the

extreme rectum it is black. The enhanced red colour in the

anterior portions of the alimentary canal has been shown

experimentally to be associated apparently with the presence

of an anti-coagulin in the digestive tract of the sheep-ked

(see Appendix III).

Crithidia can be found throughout the length of the

alimentary canal of Melophagus ovinus. In the anterior

parts of the canal they are small, rounded, non-flagellated

forms, which, when they come in contact with the blood,

rapidly develop and divide, the products of division becoming

the typical flagellates found throughout the rest of the canal.

The parasites, after this rapid development, pass backwards

towards the partly digested blood, which would appear to be

a medium more suited to their requirements. In the posterior

third of the stomach there are large numbers of young

flagellates which form great aggregation rosettes (PI. 12,

fig. 43) and clumps, while true division rosettes are also

present (PI. 12, fig. 56).

In the intestine the- same holds good. When many
Crithidia are present in a ked, they usually swarm in the

fore-part of the intestine. Repeated division occurs in the

intestine, so that small flagellates are found in the rectum.

Most of these attach themselves to the gut-wall or to debris

and encyst, the resting (post-flagellate) stage of the parasite

then being found on the walls of the rectum and in the

faeces.

The ovaries and ova serve as places in which a kind of

post-flagellate development occurs, the ova being penetrated

by flagellate forms of Crithidia, Avhich rapidly lose their

flagella and ultimately round themselves off, and pass through

a resting stage (PI. 13, figs. 57-94).



194 ANNIE PORTEK.

The Malpighian tubules of Melophagus ovinus are

sometimes invaded by Crithidia melophagia, but this is

not common.

Parasites were more numerous in female than in male keds.

Repeated investigation of sheep's blood failed to show the

presence of any flagellate therein. Flu and Swingle obtained

similar results. C. melophagia is, then, purely a parasite

of Melophagus ovinus.

MOVKMEXTS.

The movements of C. melophagia are very vigorous.

The parasites are even more active than C gerridis (see

Porter [1909], p. 352). As in C. gerridis, the membrane
takes an important share in locomotion, bnt the movements
of the body of C. melophagia are not so noticeable as in

the parasite of the water-bug.

When C. melophagia was examined nnder the water

immersion (2'5 mm.) objective, the movements of the less

active organisms could be analysed. In progression the

organism moves with its flagellum foremost, and the latter

executes vigorous, slightly spiral, boring movements. The
body also aids in pi'ogression, for waves pass from the

posterior end towards the flagellum, causing a series of

peristaltic-like swellings. The body of the parasite seems to

become shorter during this period, and then by i-elaxing to

move forwards. The bead-like swellings due to undulatory

movements are more noticeable in certain areas, and in the

living organism myonemes could be sometimes seen both on

the body and in the membrane in these regions. Flu has

also figured myonemes on some of the parasites he drew, and

observation of them in life confirms his work, but it was with

the greatest difficulty that I could find myonemes in stained

specimens (PL 12, figs. 17, 18, 40, 42, 45).

The body of C. melophagia, compared with that of C.

gerridis, is relatively rigid, but slight twisting movements do

oficur. The previous workers on C. melophagia are agreed
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as to this rigidity. The anterior end, to which the flagellum

and undulating membrane is attached, is naturally more

flexible than the posterior end, and its movements are more

marked.

Movements of contraction of the posterior end of the body

of 0. melophagia result in a temporary concenti'ation of the

protoplasm around the nucleus of the organism. The body

then resembles a short, ^hick pear, drawn out at its anterior

end into a long, narrow stalk. Sometimes the body remains

in this condition, which is fairly common in forms about to

encyst, and in such forms withdrawal or degeneration of the

flagellum, followed by the secretion of a thm gelatinous wall,

completes the encystment. In other parasites from the

stomach, whei'e no encystment occurs, this concentration of

the pi'otoplasm in the nuclear region is not so marked, and

when relaxation occurs the organism is propelled forward with

a very slight jerk, and repetition of the contraction follows,

as has been before described. The jerking is never so

marked as in Herpetomonas, for the membrane has the

effect of producing smoothness of motion.

Reversal of the direction of motion occurs and is very

rapid. The flagellum swings out, describing a semi-circle, of

which the body acts as the diameter for an instant, but the

force of the movement of the flagellum is so great that the

body also swings outwards in a line with the flagellum, and

the organism moves away, not exactly in the same course as

before, but in one at a very small angle to it. The path of

the organism is frequently parabolic in nature.

Many peculiar movements can be observed when C. melo-

phagia is endeavouring to free itself from debris in the

lumen of the gut. Much writhing, both of the flagellum and

body of such a parasite, is then seen, and the organism often

swings round and round, the point of attachment serving as

the centre of rotation. If the posterior end should be

attached, the flagellum executes violent lashings and spiral

movements, these latter not being, as a rule, very noticeable

in the normal organism.
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Occasionally I have seen tlie flagellum and membrane of

specimens of C. melopliagia torn away from the body, and

for a few seconds after, the flagellum executed intermittent

flickers or lashing movements before it finally became still.

Aggregation-rosettes (PL 12, figs. 41, 43; PI. 13, figs. 95j^

96) are common in C. melophagia. Rosettes seem to move

fairly as a whole, and I have watched them rotate rather

quickly. Each individual of such a rosette is attached by

its flagellum to debris, usually epithelial in nature, and

moves up and down in a slightly inclined plane.

In division the movements of the daughter organisms are

very noticeable. I will defer the description of their motion

until division is discussed.

During encystment in the rectum of the host, which occurs

with some of the parasites, movement of the nucleus towards

the flagellar end of the organism occurred. I have also seen

the migration of the nucleus from the mid-region of the body

to near the flagellum during periods of violent movement of

the latter organella. I have never seen migration of the

blepharoplast in living organisms under similar conditions,

though it may occur at times, since blepharoplasts can occa-

sionally be found in the post-nuclear region (PI. 12, figs. 40,

42), as well as by the side of the nucleus (PI. 12, fig. 33) in

different stained specimens. By far the commonest position

for the blepharoplast is the pre-nuclear one. The other

movements occurring during encystment will be described in

the section of the paper dealing with that subject (see p. 200

and text-figures 1-10).

Morphology.

The life-cycle of Crithidia melophagia may be con-

veniently divided into three stages, which gradually merge

into one another. They are—the pre-flagellate, flagellate, and

post-flagellate stages. The morphology of these forms may

now be described.
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The Pre-flaa-ellate Stao-e.

The early pre-flagellate stages of C. melophagia are

more or less oval or rounded bodies (PI. 12, figs. 1-6), varying

from 4*5 ju to 6 /x long, and from 1 ^ to 4"5/x broad. They

are most abundant in the fore-gut of young Melophagus,
but the pre- flagellate stage is passed through with great

rapidity and is easily missed. This probably accounts for the

very brief references to these small forms by Flu and Swingle.

The protoplasm of the pre-flagellate forms is very finely

granular (Pi. 12, figs. 1-5). The nucleus is usually round

and not quite central in position (PI. 12, figs. 1, 9-12). The

bai'-like blepharoplast (kinetonucleus) is very deeply staining,

and lies eitiier below (PL 12, figs. 2, 10) or to one side of the

nucleus (PI. 12, figs. 1, 6). A chi'omatophile area with its

chromatin in a very diffuse condition is sometimes fairly

prominent, and from this a fine thread arises, which grows

outwards, forming the flagellum (Pi. 12, figs. 9, 10), and

appearing to draw out the end of the body with it (PI. 12,

figs. 11-13), while the periplast of the body forms the mem-
brane (PI. 12, figs. 14-20). The posterior end elongates at

t*he same time (figs. 16-18) and the flagellate form (PI. 12,

figs. 19, 20) is assumed. This. development is in accord with

that of C. gerridis and C. tabani, and I have watched these

processes in living specimens of both C. gerridis and C.

ni e 1 o p h a gi a

.

Division of pre-flagellate forms can occur before the develop-

ment of the flagella (PI. 12, figs. 8, 4). This will be described

in the section dealing with division.

The Flagellate Stage.

The mature flagellates vary very much in size, the variation

being due to division and growth. Very large forms (PI. 12,

figs. 44, 45) may be as much as 50 fi to 75 fi long, this measure-

ment including the flagellum,^ while short forms just flagel-

^ It is almost impossible to differentiate between the limiting are as

of the body, the membrane and the free flagellum of C. melophagia,

as so much variation occurs in different specimens.
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lated (PI. 12, tigs. ]8, 19) in the crop, or the small forms

produced by division prior to eiicystment (PL 12, figs. 20,

21; 99) are very much smaller 02 fi to 20/^1 long). The

breadth of the flagellates varies from I'o^ to 2'H n.

The protoplasm of C. melophagia is very slightly alveolar

or almost hyaline, differing therein from the more alveolar

protoplasm of C. gerridis. There is no suggestion of large

permanent vacuoles or of a cyto-pharynx. Occasionally the

protoplasm is more granular at the posterior end (PI. 12, figs.

80, 34) and slight alveolation occurs there. At the anterior

end, near the origin of the flagellum, the remains of the

chromatic area, from which the flagellum arose, sometimes

persist.

The nucleus (trophonucleus) of C. melophagia is oval

(PI. 12, figs. 2 1-24 J or rounded (figs. 20, 30, 32) and some-

what vesicular. There is a fair amount of chromatin present,

which may consist of a number of very fine granules, evenly

distributed (fig. 32), or the chromatin may be conceuti*ated

into about eight masses (fig. 44), or, as is often the case, the

chromatin is present in the form of bars (tigs. 25-29), which

sometimes extend across the whole breadth of the uucleug

(figs. o4-37j, less frequently across part of its breadth

(figs. 24, 42), or in an even more rare condition dots and

bars occur in the nucleus of the same oi-ganisra (figs. 30, 39).

In certain cases the chromatin of the nucleus may be con-

centrated into a central mass (tig. 23).

The nuclear membrane is fairly distinct in most of the

specimens I have examined. I think that such a membrane

must be present to keep together the nuclear material during

the migrations of the nucleus seen during life.

The blepharoplast (kiuetonucleus) of C. melophagia

is very evident in a stained preparation, for it colours deeply

whatever stain be employed. Like the nucleus, it can also

be seen in life as a small bright retractile bar. In some

cases it is slightly bowed or curved (PI. 12, fig. 32), or oval

(PI. 12, fig. 34). It is dumb-bell-shaped in forms about to

divide (PI. 12, fig. 44). The blepharoplast, which is typically
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rod-like, usually lies transversely across the organism (PI. 12,

figs. 21-28). It is exceptional to find it in any position other

than anterior to the nucleus, though on a few occasions the

blepharoplast was at the postei-ior end of the body (PI. 12,

figs. 40, i'2), but in these cases the flagellum originated in a

pre-nuclear position.

As a rule the blepharoplast shows no differentiation of

structure (PI. 12, figs. 21-39), but sometimes in dividing

forms, in which the blepharoplast is dumb-bell shaped, there

seems to be a concentration of chromatin in the ends of the

dumb-bell (PI. 12, figs. 40, 44, 45). A clear area (PI. 12,

fig. 31) is often present around the blepharoplast.

Chromidia are present, scattered in the general proto-

plasm (PI. 12, figs. 25, 37, 39). They stain in the same way
as the nucleus, and less densely than the blepharoplast.

The occurrence of: such chromatoid granules at division

(PL 12, fig. 45) suggests that they have been given off from

the nucleus into the general protoplasm, and exercise some

controlling influence over the same.

The undulating membrane and the flagellum.

—

The flagellum originates from a chromatic area in the pre-

flagellate form, and is attached to the body by a narrow mem-
brane (PI. 12, tigs. 21-46), which is a periplastic outgrowth

of the anterior end of the body. There is but one flagellum

in any single, undividing individual (PI. 12, figs. 21-39).

The flagellum is thick, but gets thinner towards its free end

(PI. 12, figs. 40, 45). At times it appears to show very fine

transverse striations.

In stained specimens the membrane sometimes shows myo-

nemes (PI. 12, figs. 39, 42, 45), though, curiously enough, the

myonemes were much more obvious in some of the living

specimens that I examined. Flu described myonemes in

C. melophagia, but figured the myonemes as accompanying

a central spindle. This latter feature I have never seen.

A basal granule (blepharoplast of Minchin) is often

present (PI. 12, figs. 17, 27, 33, 42, 45) between the point of

origin of the flagellum and the blepharoplast (kinetonucleus).
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The Post-flagellate Stage of C. melophagia in th

Rectum of Melophagus ovinus.

The prepai'ation of Crit India melophagia for life outside

the body of the host occurs in the rectum of the sheep-ked.

Large numbers of small flagellates (PI. 12, figs. 27-29) are

present in the hind gut, also some forms in process of division

(PI. 12, figs. 97, 98). The small forms attach themselves to

the wall of the rectum and encyst there, but encystment can

be watched when the rectal contents are expressed on to a

slide and examined under the microscope. The flagellate

(text-fig. 1) at first executes violent lashing movements with

its fiagellum, and during this motion migration of the nucleus

nearer the flagellar end of the organism frequently occurs

(text-fig. 2). At the same time the body of the Crithidia

shortens and thickens (text-figs. 3, 4; PI. 13, fig. 100), waves

of contraction passing rhythmically down the body, which

gradually may become somewhat triangular (text-fig. 5; PI. 13,

fig. 101). The fiagellum meanwhile shortens (text-figs. 5, 6),

and the organism may bend on itself (text-figs. 0, 7) during

this period. Concentration of the protoplasm occurs, the

flagellum becomes less wavy (text-fig. 7), and, little by little,

it contracts nearer the body (text-figs. 8, 9; Pi. 13, figs. 102-

106) and is withdrawn, the parasite becoming oval (text-tig.

10; PI. 13, figs. 109-112). The organism at this time

becomes surrounded by a thin layer of refractile, gelatinous

substance, which rapidly hardens to form a closely adherent

resistant cyst-wall. The oval bodies (PI. 13, figs. 109-114)

so produced are post-flagellate forms, which become detached

from the walls of the rectum, and pass out with the faeces of

the ked, from which ffeces they can be recovered. These

cysts, which measure from 2'5^ to 5"5 ^t by 1*5 /i to 3^, serve

for the infection of other Melophagus ovinus.

All Crithidia melophagia do not go through a post-

flagellate stage in the gut of their host. Some, after passing

a portion of their existence as flagellates in the gut of the ked.
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pierce the walls of the alimentary tract and make their way

to the ovaries of the ked, where their development is con-

tinued.

Text-figtjres 1-10.

a 9 10

Encystment of Crithidia melopliagia in the rectum.

Text-figs. 1-5.—Parasite rounding off and flagellum disappearing.

Text-figs. 6-7.—Show bending of parasite on itself.

Text-figs. 8-10.—Final stages in loss of flagellum and assumption

of typical cyst form.

Swingle (1909, p. 104) has described thick-walled cysts.

I have but rarely seen the thick-walled forms (PI. 13, fig. 114),

most of the cysts found being thin-walled.



202 ANNfr: porter.

Longitudinal Division.

The longitudinal division of the living organism has been

frequently watched. While the movements of the dividing

flagellates are noticeable, those of the smaller dividing pre-

flagellates are far less marked.

When a flagellate is about to divide, the protoplasm of the

posterior end concentrates somewhat in the nuclear region,

and the organism appears to shorten. The protoplasm

migrates from the centre of the parasite towards the sides, so

that a comparatively clear area is left at the centre (PI. 12,

fig. 4(5). The greatest change at this stage is seen in the

blepharoplast and flagellum. The blepharoplast becomes

slightly dumb-bell-shaped (1*1. 12, figs. 44, 45) and gradually

constricts into two (PI. 12, fig. 46). The flagellum splits

rapidly at the body end (I'l. 12, fig. 46), and then, more slowly,

the halves become free. The nucleus meanwhile becomes

sliglitly indented in the median line (PI. 12, fig. 46) and then

gradually constricts into two, the halves migrating to the

periphery (PI. 12, fig. 47). During this nuclear division the

daughter-Hagella execute very vigorous lashing movements,

and a constriction appears at the flagellar end of the parent

organism. A split appears at this end (PI. 12, figs. 47-49),

and, at the same time, vacuoles in the clear median area fuse,

and thus the extension of the split is facilitated. The daughter-

organisms rapidly sepai'ate from one another, their appear-

ance at times being suggestive of diverging curved calipers

(PI. 12, figs. 51, 52). At length the two are practically in a

straight line (PI. 12, figs. 53-55), in which condition they

remain for a short time and then finally separate.

The division of the pre-flagellate forms is initiated by the

division of the blepharoplast, and is followed by the division

of the nucleus and the appearance of vacuoles. A slight split

appears at one end (PI. 12, fig. 3), and the organism remains

in this condition until the flagellum of each half has partly

grown, when final separation is effected by their movements.

Sometimes repeated division of a pre-flagellate form occurs
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and a rosette (PI. 12, fig. 4) is produced, but the rapidity of

the process of formation of flagella causes short duration of

the rosette stage. On the other hand, repeated longitudinal

division of flagellated individuals occurs, and as the individuals

so produced do not separate immediately, rosettes (PI. 12,

fig. 56) ai-e formed. In division, the posterior ends of the

daughter-organisms are the last parts to separate. As the

daughter-forms remain in proximity and themselves proceed

to divide with rapidity, true division-rosettes ai-e formed, in

which the posterior ends of the organisms are central, while

the flao-ella radiate out from the common centre. Such

division-rosettes (PL 12, fig. 56) differ from the aggregation-

rosettes (PI. 12, figs. 41, 43; PI. 13, figs. 95, 96) where the

organisms become attached by their flagella. The distinction

between the two forms of rosettes has not been shown by

previous workers on C. melophagia.

Longitudinal division results in the formation of both

equal and sub-equal daughter forms.

While the occurrence of equal longitudinal fission is the

commoner (PI. 12, figs. 50, 54, 55), I have seen cases of

marked inequality in the size of the daughter-pai^asites, the

one being very thin and narroAv, the other considerably

broader and thicker (PL 12, figs. 51, 53). As the entire

process of sub-equal division has been watched in living'

organisms, there is no possibility of it being mistaken for

anything else. The polymorphism resultant on division is

strongly against the idea that there are sexual forms of

Crithidia, and I have never seen the slightest indication

that there is sexual dimorphism, in C. melophagia, 0.

gerridis, Herpetomonas jaculum, H. muscEe domes-
ticae, H. culicis, and a new Herpetomonas from Vespa
crabro, all of which I have examined in the living con-

dition (see Porter [1909] on C. gerridis and H. jaculum).

Division, usually twice repeated, is found to occur in

parasites destined to encyst, and the resultant forms are very

small. The first division is of the usual flagellate type

(PL 13, fig. 97). The process of the second division rather
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resembles that of the pre-flagellate stages, for before it is

accomplished the flagella have almost disappeared. Some-

times no flagellum is visible at all, and the parasites look

like dividing cysts.

On rare occasions the posterior end of a flagellate has

divided before the anterior end (PI. 13, fig. 98j.

The Hereditary Infection of Melophagus ovinus by

Crithidia melophagia.

Casnal infection of Melophagus ovinus by the ingestion

of post-flagellate cysts of Crithidia melophagia is fairly

easily observed. The development of the parasite in the egg

can only be studied with difficulty. I now wish to give a

fuller account than exists up to the present of the processes

leading up to the birth of Melophagus infected with

Crithidia melophagia.

The first point to be determined was the way in which the

Crithidia reached the egg. Infected Melophagus were

carefully dissected so that no rupture of the gut was made.

The ovaries also were dissected out and kept as far as

possible in the position beside the gut that they occupied in

life. Critliidia could be seen through the gut-wall moving

actively about. Suddenly they concentrated in one place

and soon began to pass through the wall, their posterior

(blunt) end first. They rapidly swam direct to the ovaries

and penetrated them in the same way, that is, with the non-

flagellar end first. The flagellum was very rarely used as a

boring organ to allow of the passage of the oi'ganism.

Penetration of the ovaries of their host by the parasites

occurs in other cases, e.g. C. gerridis, H. jaculum, but

the ova are apparently unattacked and the flagellates simply

degenerate. But in the case of C. melophagia the organisms

(PI. 13, figs. 57, 59) make their way rapidly to the ova, to

which they cling, whether the ova are mature or immature.

In some cases one Crithidia only enters the egg (PI. 13,

fig. 58) ; at other times several penetrate it at once. In
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penetration the blunt end of the flagellate enters the egg
first. Occasionally the flagella are cast off as the Crithidia
pass into the egg and remain on the outside.

In the case of older ova, the parasices seem to penetrate

the egg- at a definite spot (PL 13, fig. 58), which probably

becomes the mouth of the embryo. Parasites invading older

embryos enter by the embryonic mouth. Like Swingle I did

not find parasites in the milk-glands or milk of Melo-
p h a g u s

.

In investigations of the stages of C. melophagia in

the egg and puparia I found that smear preparations

were preferable to sections. Gi'eater rapidity of manipula-

tion and thinner preparations could be obtained by this

means.

The method adopted was to prick the egg or open tlie

young puparium and express the contents on to a slide. The
contents were at once fixed and then were allowed to flow

over the slide, so that no artificial spreading was required,

and therefore no mechanical distortion or tearing of the ,

parasites could occur. The preparations so made contained

much fatty matter. The slides were treated with ether to

remove the fat, and then after washing with absolute alcohol

were stained and mounted in the usual manner.

Once within the egg the parasite gradually loses its flagel-

lum (PI. 13, figs. 61-63). This may be cast off entire, for

flagella are found floating freely in the vitellus of eggs that

had been treated with the utmost care in the manner pre-

viously detailed. In many cases the flagellum appears to

be gradually absorbed (Pi. 13, figs. 64, 6d). Longitudinal

division of the flagellates in the egg may occur, though
rarely.

The protoplasm of the Crithidia then concentrates round

the nucleus and blepharoplast (PI. 13, figs. 64-69) and the para-

site gradually becomes more or less rounded (PI. 13, figs. 70-

73). Multiple division of both nucleus and blepharoplast

then occurs (PI. 13, figs. 74-77), and the daughter-blepharo-

plasts appear to pass outwards towards the periphery (PI. 13,

VOL. 55, PART 2,—NEW SERIES. 14
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fif,As. 76, 77). A '' plasmodial" i form (PI. 13, figs. 75, 77) is

thus assumed. The protoplasm collects around the nuclei,

and gradually fragmentation of the " plasmodium " occurs,

the result being the formation of a number of small bodies,

which rapidly round off, forming definite resting bodies (PI. 13,

figs. 78-81). Sometimes these resting bodies remain in

proximity to one another, so forming groups (PI. 13, figs. 80,

81). The parasites now measure only l"5/x to4yu long and

1 fx to 2'5
in broad. Sometimes one chromatic mass (PI. 13,

fig. 82) only can be distinguished. Often both nucleus and

blepharoplast (PI. 13, figs. 80, 81, 83, 84) are present.

As the embryo grows the rounded forms of the parasite in

the stomach (which is the chief cavity within the young Melo-
phagus) also grow (PI. 13, figs. 82-84). The Crithidia
then undergo multiple division, small rosettes (PI. 13, figs.

85-88), analogous to pre-flagellate rosettes, being produced.

The division clusters may separate, giving rise to small, pear-

shaped or ovoid individuals (PI. 13, figs. 89-94), or they may
remain as a I'osette (PL 13, fig. 88) for some time. Whether
the Crithidia remain as groups or become isolated as oval

non-liagellated bodies, they undergo no further development

for a considerable period. In fact, when the young Melo-
phagus is hatched, a month after extrusion of the pupai-ium,

there is still no further differentiation in the parasite.

Freshly hatched Melophagus do not contain the fully

developed flagellates, but the rounded or pear-shaped pre-

flagellate forms (PI. 13, figs. 92-94) and rosettes (PI. 13, fig.

88) may be present. The parasites appear to lie dormant for

a day or two, during which time the young insect does not

appear to suck blood. Soon after the first meal of blood is

taken, rapid development of the pre-flagellate forms occurs

and the adult flagellate, form of the Crithidia is quickly

assumed.

' A plasm odiiini is really a multiniioleate mass of protoplasm

formed by fusion of small amoebse. However, the term is sometimes

iised, as in describing certain Haplosporidia, for a mi;ltinucleate

mass of protoplasm formed by division.
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Casual Infection.

The method of cross-infection in many species of Crithidia

has not been demonstrated, but in the cases known the casual

or contaminative method seems to prevail. The post-flagellate

stages of Crithidia gerridis and C. tabani are known,

and the cysts of these parasites are shed in the faeces of the

insectan hosts. The crithidian cysts are swallowed by new

hosts when they feed on material accidentally contaminated

by the faeces of their neighbours. The cysts then develop

in the alimentary tracts of the new hosts. Me lop hag us

ovinus also becomes infected with its Crithidia by the

casual inethod.

When studying C. melophagia I have noticed that the

faeces of Melophagus ovinus are voided near spots on the

sheep from which blood has recently been sucked (particularly

is this the case at times of extrusion of puparia) ; that the

faeces contain crithidian, post-flagellate cysts, and sometimes

active flagellates; and that other Melophagus, feeding at

the same spot, have thrust their proboscides into the semi-

fluid faeces to reach the blood of the sheep. Ingestion of

cysts under such circumstances is easy. The ingestion of

faeces has been seen particularly well when a number of keds

have been kept confined to a small area of the sheep's body.

At shearing a slight injury was caused to one sheep, and

the keds seemed to collect round the small bleeding patch.

Their habits were carefully observed then, and were similar

to those described above. I do not agree with Swingle that

casual infection is only a remote possibility ; to my mind it is

a certainty.

A modified contaminative cross- infection is rendered pos-

sible by the cannibalistic habit of Melophagus ovinus.

The keds have been seen to attack one another, the point of

seizure invariably being at the end of the abdomen near the

anus. When a ked so attacked has been freed from its

aggressor and then dissected, I have found that the abdominal

cavity was almost empty, the viscera having been devoured
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by the attacking ked. By this cannibalistic liabit it is

possible for Melophagus ovinus to acquire practically

every stage of Crithidia inelophagia direct, and this is

probably a subsidiary method of spreading the parasite.

Environmental Effects.

Crithidia melophagia shows less response to slight

changes of environment than does C. gerridis or Her-
petomonas jaculum, both of which I have studied. Never-

theless, under certain conditions remarkable effects have

been produced by relatively simple means, and these may now

be recorded.

(1) Response to light.—Increased intensity of white

light produces increased velocity of movement of Crithidia

m e 1 op h a g i a

.

Green light somewhat retards the movements of the

organism. This is also the case with Herpetomonas
jaculum.

Intense light causes aggregation-rosettes of C. melo-

phagia to separate.

G. melophagia lives very much longer in diffuse light

than in bright light.

(2) Responseto changes of temperature.—C. melo-

phagia can live at a temperature just below that of the

blood of the sheep, but the flagellates ai"e killed at a tem-

perature above 40^ C.

At room temperature (15° C.) the parasites will live for

several hours.

(3) Response to change of medium.—Though the

flagellates normally live surrounded by fluid blood (a discus-

sion of which will be given in Appendix III), yet they can

live in other media and can resist the effects of such media

to varying degrees.

(a) Tap-water when added to the parasites in the gut-

liquid seemed to have little effect. Though the movements

of the flagellate became slightly more active, this was possibly
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due to the greater space iu which the parasites could move,

the debris being distributed over r greater area than

before.

{b) 0*75 per cent. NaCl solution increased the

activity of the parasites.

Five parts of tap-water added to one part of 0*75 per cent.

NaCl solution containing Crithidia caused the flagellates

to move more rapidly, the spiral boring movements of the

flagellum becoming more exaggerated.

(c) Caustic potash.—Two per cent, solution killed all

the Crithidia within a minute; 1 per cent, potash solution

killed them in from seven to twelve minutes, but their bodies

were not dissolved, this pointing to the chitinoid nature of

the thin periplast or ectoplasm.

(d) Acetic acid.—One third per cent, aqueous solution

had the effect of swelling the parasites, which then died.

(e) Grape-sugar.—A most remarkable effect was that

produced on C. melophagiaby a solution containing a very

small amount of grape-sugar. When this was added to the

parasites they commenced to divide very rapidly, and many

divisions occurred. To ascertain if there were a connection

between this division and the occurrence of sugar in the

natural medium of the parasites, some experiments were

made. The results were as follows :

(i) Sheep-serum contains a very small amount of grape-

sugar.

(ii) The liquid obtained when wool cut from the sheep was

boiled with water and then concentrated also showed traces

of sugar. There were, then, these two sources from which the

ked probably could obtain minute quantities of sugar. It is

possible that the traces of sugar may take a small share in

stimulating division of C. melophagia, which goes on more

rapidly in the stomach of the ked than elsewhere.

(/) Fresh blood (human or sheep's) added to a pre-

paration of living Crithidia caused the parasites to move

away to areas where the blood was somewhat less concentrated,

where they proceeded to divide rapidly.
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(7) Dilute glycerine killed C. melophagia almost at

once. Vaseline had the same effect after a very short time.

(4) Effect of a parasitic fungus of Melophagus
ovinus on C. melophngia.—The presence of a fungus in

Melophagus ovinus has already been mentioned. As I

very rarely found the fungus and Crithidia co-existing in a

ked, it was deemed advisable to find out any possible inter-

relation of the two parasites. The Malpighian tubules of the

ked—often blocked with fungus—were the most heavily

infected organs. Fungus taken from the ^lalpighian tubes

was crushed with a little water. The emulsion, which

probably contained an enzyme, was added to a preparation of

actively moving C. melophagia. The movements of the

flagellates slowed at once, their protoplasm became much

more vacuolated, and the parasites appeared to burst. After

seven to nine minutes no living Crithidia were to be seen.

The fungus-infected Melophagus ovinus seems widely

distributed. Specimens from Scotland were practically

always heavily infected with it, and some keds from each

locality tried in England also were infected. These keds

very rarely contained Crithidia. The fungus seems to

have a pathogenic action npon the flagellate, and I believe

that the co-existence of the fungus and Crithidia for long

together is almost impossible.

General Remarks.

Regarding the previous work done on the genus Crithidia,

I have already noted most of the memoirs dealing with the

subject in my paper on Crithidia gerridis (1909). Conse-

quently the remarks now appended relate especially to the

flagellate of Melophagus ovinus.

E. Pfeiffer (1905) first briefly described a flagellate as

occurring in the gut of Melophagus ovinus. He mentions

that L. Pfeiffer had seen and recorded the parasite in 1895.

The flagellate stage only was described, and no definite name

was given to the organism, which was stated to be "like a

trypanosome."
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P. C. Flu (1908) published an account of the flagellate

under the name of Crithidia melophagia. Flu stated that

he saw parasites in the ovaiy of Melophagus, and small

forms in the larva, but was unable to determiue the mode of

infection of the host.

L. D. Swingle (1909), working in Nebraska, wrote a

description of the parasite, calling it C. melophagi. From

a private communication I learn that Swingle's work was

completed, but not published, before Flu's paper appeared,

thus accounting for the specific name melophagi (described

as new), which cannot stand. The chief value of Swingle's

work lies in the fact that he described rounded and
'' Plasmodia! " stages of the parasite as occurring in the egg

of the host.

While Swingle was working in Nebraska, I was investiga-

ting the parasite independently in England. It gives me
gi-eat pleasure to be able to confirm Swingle's work, and to

add many more details concerning the modes of infection of

the parasite and its general life-history.

Summary.

(1) Crithidia melophagia is a flagellate occurring in

the alimentary tract, ovaries, ova, and puparia of Melo-
phagus ovinus.

(2) The parasite has three stages in its existence, a p re-

flagellate stage (PI. 12, figs. 1-20), passed chiefly in the crop

and fore-gut of the insect host, a flagellate stage (PI. 12, figs.

21-44), occurring chiefly in the posterior two thirds of the

gut, and a post-flagellate stage, occurring either in the

rectum and fasces (PI. 13, tigs. 97-114) or in the ova and

pupa? (PI. 13, figs. 57-94).

(3) The pre-flagellate stage is passed through very rapidly.

These parasites are small, usually oval bodies, Iju to 4'5 ju by
4'5 ju to 6 /LI, with round nuclei and bar-like blepharoplasts.

The flagellum arises near the blepharoplast from a chromato-

phile area. Division of pre-flagellates may occur (PI. 12, fig. 4)

.
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(4) The tlagellate forms are from 12 /x to 75 /i long, aud
lo lit to 2*8 /i broad (including the flagellum). The general

protoplasm is slightly alveolar. The nucleus is vesicular.

The blepharoplast is well marked, rod-like, usually anterior

to the nucleus, and generally homogeneous.

Chromidia may occur as isolated granules.

(5) The undulating membrane and Hagellum are well

marked. There are indications of niyonemes (PI. 12, figs. 40,

45) in some stained specimens, but the niyonemes are more
evident in some living specimens. The membrane is of great

use in securing smoothness of motion. The flagellum is long

and forms a chromatic edge to the membrane. A basal

granule may occur near the root of the tiagellum.

(6) The post-Hagellate stage in the host's rectum (PI. 13,

figs. 97-114) gives rise to resistant (resting) bodies that are

passed out as cysts with the faeces and serve to infect new
hosts. The cysts measure, on the average, 4 ju by 2"5 fx. The
fiagellates divide, usually twice, and the four small forms

thus produced lose their fiagella, become round, and then

invested with a thin gelatinous wall.

(7) The post-flagellate stages in the ova and puparia of

Melophagus (PI. 13, figs. 57-94) serve for the hereditary

transmission of C. melophagia. The flagellates pass

through the wall of the gut near the anterior ends of the

ovaries, swarm towards and enter the ovaries and penetrate

the ova—the posterior (aflagellar) end of the parasite being

used in penetration. Within the ova each parasite loses its

flagellum and becomes ovoid or rounded (PI. 13, figs. 64-73).

Nuclear multiplication follows aud " plasmodial " forms ai-e

produced (PI. 13, figs. 74r-77). These give rise to small,

rounded bodies (PI. 13, tigs. 83, 84) about 3 )u by 2 ^ which

undergo multiple fission to form rosettes (PI. 13, fig. 88),

which give rise to the typical pre- flagellates.

(8) The young Melophagus do not show flagellates until

after their first feed of blood, the blood stimulating the pre-

flagellates to form flagella.

(9) Multiplication of C. melophagia by longitudinal
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division occurs in both the pre-flagellate and the flagellate

stages of the pai*asite.

(10) Infection of Melophagus ovinus with C. melo-

phagia is either hereditai-y or casual. In the case of casual

infection the insects ingest the post-flagellates voided with

the feeces of other Melophagus.

(11) A very dilute solution of grape-sugar causes the

parasites to divide. There are only traces of sugar in both

sheep-serum and wool extract. '

(12) Sheep's blood or human blood added to the Crithidia

also increased the rapidity of their growth and division.

(13) A fungus present in the Malpighian tubules and gut

of the ked (see Appendix II) has a rapid, fatal effect on the

Crithidia.

(14-) An anti-coagulin is present in the salivary glands,

stomach and intestine of Melophagus ovinus (see Appen-

dix III).

(15) A new spirochsete, S. melophagi, was found in

the gut, ovaries and puparia of a few of the Melophagus
examined (see Appendix I).

Appendix I.

On the Occurrence of a Spiroclia3te, S. melophagi,

n. sp., in Melophagus ovinus.

I wish to record the occurrence of a rare spirochsete in the

gut, ovaries and puparia of Melophagus ovinus. The

spirochgete was observed in life in the above-mentioned

organs of a very few of the Melophagus examined, and at

very different periods of the year (February, September,

October). Very few spirochastes occurred, and consequently it

is impossible to give full details regarding size and structure.

The organisms seen were from 10 fx to 30 fx long and were

narrow. They vary in length, some being practically half

the length of others, indicating the probability of transverse

division. As some parasites were thicker than others there
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is the inference that longitudinal division takes place.

This would be in accordance witii the behaviour of other

spirochaetes, for Fantham (1907-8-9) has shown that both

forms of division occur in S. balbianii and S. anodontae.

1 (1909) also have observed the same, while the joint

researches of Fantham and myself (1909) have demonstrated

that both directions of division occur in S. recur rent is and

S. duttoni, and that there is a periodicity in the direction

of division.

The movements of S. melophagi are fairly active, and

are of the typical spirochaete nature, nameh', of forward

progression accompanied by spiral or corkscrew rotation on

its course.

The occurrence of 8. melophagi in the ovaries, ova and

puparia of the ked is of much interest, for it indicates that

the spirocha3te is transmitted hereditarily. Hence Melo-
phagus ovinus can transmit both Cr it India melophagia
and Spiroclueta melophagi to its offspring.

Apiexdix II.

Note on a Fungus found in the Malpighian Tubules
and Intestine of Melophagus ovinus.

A fungus was present in many specimens of Melophagus
ovinus examined, especially those obtained from Scotland.

Crithidia were not seen in the '^keds" received from

Scotland, and I have shown experimentally that the action

of the fungus is fatal to the flao-ellate.

The fungus occurred chiefly in the Malpighian tubules of

the insect, and to a lesser extent in the intestine. The
Malpighian tubules were frequently- blocked by the fungus.

A brief description of the fungus may now be given.

The hyphte were long and filamentous with few septa.

Many spores were produced. At the extremity of some
hyphas globular heads were formed, possibly due to sexual

processes. The globular bodies contained many nuclei (text-

fig. 11) fairly evenly distributed through the protoplasm.



aTRUCTUKE AND LIFE-HISTORY OF CRITHIDIA MEL0PHA(4[A. 215

Nuclei and protoplasm then shrank away from the wall of

the rounded body—provisionally called a sporanginm (text-

fig. 12)—so that a space intervened. Segregation of the

protoplasm round the nuclei followed (text-fig. 13), and a

morula-like body resulted. The morula differentiated into a

mass of rounded spores (text-fig. 14), each ot which formed a

spore coat for itself. The sporangium ultimately ruptured

Text-figures 11-15.

14- 15

Fungus parasitic in Melophagus ovinus.

Text-fig. 11.—Hypha with globular head.

Text-fig. 12.—Differentiation of nuclei within the head (sporan-

gium).
Text-fig. 13.—Spores forming in sporangium.
Text-fig. 14.—Mature sporangium.
Text-fig. 15.—Dehiscing sporangium.

(text-fig. 15), and the numerous small spores were set free.

Some spores remained in the Malpighian tubes, others passed

out into the intestine and were voided with the faeces.

Parasitic fungi have been previously recorded in insects,

for example, in the house-fly, caterpillar, mosquito. The
fungus mentioned by Schaudinn in Culex was probably a

member of the Entomophthorea3, or related thereto. The
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fungus infesting- Melophagus ovinus seems to be more

nearly allied to the Peronosporeie.

I learn from a private communication that a similar fungus

was found last year by Dr. H. B. Fantham, of Cambridge, in

the alimentary tract and Malpigliian tubes of the grouse-fly,

Ornithotnyia lagopodis. From examination of a pre-

paration of the fungus of Ornithoniy ia, kindly lent to me,

I believe that the fungi of the grouse-fly and the sheep-ked

are very closely related.

Appendix III,

On the Occurrence of an Anti-coagulin in the Ali-

mentary Canal of Melophagus ovinus, and its

Significance in Relation to Crithidia raelo-

phagia.

The pronounced and peculiar brightness of the blood in the

crop and fore-part of the stomach of the keds examined was

noticed very early in the investigation. The blood of the

sheep in the stomach of keds that had not fed for as long as

three days was still practically fluid and had not coagulated

much, while twelve to twenty-four hours after feeding the

blood had not coagulated at all. This led me to suspect that

an anti-coagulin, such as had been described in a tick (Argas

persicus) by Nuttall and Strickland (1908), was present here

also, and a series of tests were performed at different times

which verified this inference. Every test that I performed

had the same result—coagulation was delayed.

The method of testing was simple. Separate emulsions of

the salivary glands, stomach, and intestine of Melophagus
ovinus were made with 0'75 per cent. NaCl solution. A
known quantity—about 0*5 c.c. of human blood from a pricked

finger—was then mixed with the same quantity of organ-

emulsion, while for control purposes the same quantity of

blood mixed Avith 0'7o per cent. NaCl solution was used.

The test fluid and the control fluid were taken up in small

glass capillaries, and the test Avas applied by bloAving out the
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liquid at stated times and noting when coagulation occurred

in each. Typical results of these experiments are tabulated

below :

A. Adult Melophagus.
Coagulation period Coagulation period
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of the solution so obtained was made much brighter when an

emulsion of crushed salivary glands of the ked was added to

it. The leucocytes of the sheep's blood occurring in the gut

of the ked do not appear to be affected in any way by the

anti-coagulin.

Anti-coagulin appears to be found in all parts of the alimen-

tary canal of the ked and to decrease in amount from before

backwards. As before mentioned, I determined experi-

mentally that freshly shed, and therefore fluid, blood acted

as a stimulant to division of the Crithidia. This artificial

condition is the counterpart of the natural condition of the

blood within the fore-gut of the ked. There, owing to the

action of the anti-coagulin, the freshly ingested sheep's

blood does not clot, but remains fluid. It is probable that

Crithidia within the gut are stimulated by this fluid blood,

and divide rapidly. I obtained similar results in the case of

Herpetomonas jaculum, where "division of the flagellate

Herpetomonad takes place rapidly under natural conditions

after ingestion of blood by the host" (Porter [1909], p. 382).

If the Criti/idia are in the pre-flagellate condition the rapid

multiplication is followed by the outgrowth of flagella, after

which the organisms separate and pass further down the

alimentary canal. The presence of anti-coagulin, from the

salivary glands, in the contents of the fore-gut of the ked

may be the cause of the rapidity with which the pre-flagellate

stage of Crithidia melophagia is passed through, the

blood, kept fluid by the anti-coagulin, acting as a stimulus

to further development.
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EXPLANATION OF PLATES 12 and 13,

Illustrating Miss Annie Porter's paper on '• Critliidia

melopliagia."

[All figures were outlined with an Abbc-Zeiss camera-lucida, using a

2 mm. apochromatic (Zeiss), or yV inch achromatic (Zeiss) objective,

and compensating oculars 8 and 12 of Zeiss. The magnification is in

all cases approximately 1500 diameters, except where otherwise stated.]

PLATE 12.

Figs. 1-20.—Pre-flagellate Stages.

Fig. 1.—Pre-flagellate with round nucleus, bar-like l)lepliaroplast.

Noflagellum. Crop. Giemsa.

Fig. 2.—Oval pre-flagellate. Blepharoplast slightly constricted.

Crop. Delafield's hematoxylin.

Fig. 3.—Di^ading pre-flagellate. Crop. Delafield's ha^matoxylin.
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Pi"'. 4.--Division rosette of pre-flagellates. Two individuals again
dividing. Croi^. Delafield's hannatoxylin.

Figs. 5-8.—Elongating pre-flagellates. Crop. Thionin.

Fig. 9.—Large preflagellate, with round nucleus, rod-like blepliaro-

plast, flagelluni just differentiating. Crop. Giemsa.

Fig. 10.—Rounded form. Flagelluni longer than in fig. 9. Crop.
Giemsa.

Fig. 11.—Smaller parasite with large nucleus and long flagelluni.

Crop. Delafield's heematoxylin.

Fig. 12.—Parasite, showing elongation of flagellar (anterior) end of

the hody. Crop. Giemsa.

Figs. 13 and 14.—Crithidia with elongated posterior ends. Anterior
part of stomach. Giemsa.

Fig. 15.—Pre-flagellate with posterior blepharoplast. Crop. Giemsa.

Fig. 16.—Parasite with anterior end more developed. Crop. Giemsa.

Figs. 17 and 18.—Almost mature flagellates, membranes showing
myoneines. Crop. Giesma.

Figs. 19 and 20.—Practically adult flagellates. Fore-part of stomach.

Tiiionin.

Figs. 21-43. ^Flagellate Stage.

Fig. 21.—Small flagellate. Nucleus with chromatin in granules

extending part way across the body. Rod-like blepharoplast. Intestine.

Giemsa.

Fig. 22.—Flagellate, with well-marked mypnemes on the body.

Stomach. Gentian violet, x 2250 approximately.

Fig. 23.—Parasite, with flagelluni almost continuous with the

blepharoplast. Nucleus with central chromatin. Stomach. Delafield's

hsematoxylin.

Fig. 24.

—

Crithidia showing blepharoplast posterior to the nucleus

—an uncommon condition. Stomach. Giemsa.

Figs. 25, 26.—Flagellates showing chromidia in their posterior ends.

"Chromatin of nucleus in l;>ars. Stomach. Gienisa.

Figs. 27-29.—Parasites with somewhat pointed posterior ends.

Chromidia present in fig. 29. Intestine. Thionin.

Figs. 30, 31.—Crithidia showing somewhat alveolar protoplasm.

Stomach. Thionin. X 2250 approximately.

Fig. 32.—Flagellate with blunt posterior end, round nucleus contain-

ing large chromatin granules, and extending across complete ))re.idth

of body ; blepharoplast curved. Stomach. Thionin. x 2250 approxi-

mately.
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Fig. 33.—Parasite with scattered chromidia. Blepharoplast 8li<^htly

posterior to and to the side of the nucleus. End of crop. Giemsa.

Fig. 34.

—

Critliidia with large oval l)lei;haroplast. Stouiach.

Giemsa.

Fig. 35.—Narrow parasite. Intestine. Giemsa.

Figs. 36, 37.—Longer parasites with many chromidia. Stomach.

Iron-ha3matoxylin.

Fig. 38.—Flagellate showing alveolar pi-otoplasm. nucleus and
Mepliaroplast almost in contact. Intestine. Thionin. x 2250 approxi-

mately.

Fig. 3J>.—Tjong form. Nucleus with chromatin arranged in bars.

Oval ]>lepharoplast. Mcmhriine distinct. Intestine. Giemsa.

Fig. 40.—Long parasite with thick flagellum. Myonemes present

on l)ody. Blepharoplast showing constriction, so about to divide.

Chronuitin of nucleus in large masses. Stomach. Delafield's htema-

toxyliu.

Fig. 41.—Sm;ill aggregation-rosette, showing entanglement of large

and small flagellates. Stomach. Giemsa.

Fig. 42.— Flagellate with rounded nucleus and posterior blepharoplast.

Basal granule near root of flagellum. Myonemes in membrane.

Intestine. Iron-ha-matoxylin.

Fig. 43.—Large rosette. Many parasites sho^\^l aggregated around

a piece of debris. The flagella serve as points of attachment, therein

differing from a division-rosette. Common in stomach and intestine.

Delafield's luematoxylin.

Figs. 44-56.—Stages in Division.

Fig. 44.—Parasite showing constricted blepharoplast with clear area

around it. Chromatin in nucleiis aiTanged in masses at peripheiy.

Intestine. Thionin. X 2250 approximately.

Fig. 45.—Stage similar to fig. 44. Well-marked myonemes on body

and membrane. Giemsa. X 2250 approximately.

Fig. 46.—Parasite with both nucleus and blepharoplast constricted.

Flagellum beginning to split at base. Stomach. Delafield's hsematoxylin.

Fig. 47.—Flagellate with anterior end of body, nucleus and blepharo-

plast all divided. Stouiach. Delafield's haematoxylin.

Figs. 48, 49.—Somewhat rounded parasites ; bodies of daughter-forms

not yet diverging from one another. Stomach. Thionin.

Fig. 50.—Daughter-organisms fomiing a V. Stomach. Giemsa.

Figs. 51, 52.—Fui-ther stages in the divergence of the bodies of the
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daughter-forms. The flagella have interlocked. Intestine. Delafield's

hseniatoxylin. The parasites represented in fig. 51 divided sub-equally.

Fig. 53.—Sub-equal division. Daughter - organisms are almost
separated. Intestine. Delafield's hseniatoxylin.

Figs. 54, 55.—Parasites about to separate. Stomach. Giemsa.

Fig. 56.—True division-rosette. The separation of the daughter-

individuals takes place from the flagellar end backwards, so that in

a rosette the posterior ends of the organisms are centrally directed.

Stomach. Thionin.

PLATE 13.

Figs. 57-94.—Stages of the Parasite in the Ovary, Eggs,
and Puparia.

(The eggs in figs. 58, 64, 65 are represented diagrammatically.)

Fig. 57.—The flagellate as it penetrates the ovary. Delafield's

hseniatoxylin.

Fig. 58.—Flagellate in the act of penetrating a young egg, the blunt

end of the parasite being used. Thionin. The egg of Melophagus
o villus is represented diagrainmatically.

Figs. 59, 60.—Flagellates from ovary. Flagella somewhat reduced.

Giemsa.

Figs. 61-63.—Flagellates from within the egg. Giemsa.

Figs. 64, 65.—Rounding-up forms of C. meloplagia within eggs.

Delafield's hseniatoxylin and fresh preparations. Eggs of M e 1 o p h ag u s

represented diagramniatically.

Figs. 66-72.—Series of parasites showing successive stages in shorten-

ing and rounding-up of flagellates when within the eggs. Delafield's

hseniatoxylin.

Figs. 73, 74.—Parasites showing nuclear division. Very young
puparium. Giemsa.

Figs. 75-77.—"Plasmodial " stages of C. melophagia in developing

puparia. Peripheral blepharoplasts seen. Giemsa and fresh prepara-

tions.

Figs. 78-81.—Rounded parasites resulting from plasmodial forms.

Delafield's hsematoxylin.

Figs. 82-84.—Parasites produced by growth of forms similar to those

shown in fig. 81. Giemsa.

Figs. 85-87.—Rosettes of somewhat oval parasites from young
puparium. Delafield's hseniatoxylin.

Fig. 88. — Well-defined division-rosette from mature puparium.

Giemsa.
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Figs. 89-91.—Dividing forms. Mature puparium. Gienisa.

Figs. f»2-94.—Parasites resenililiiio;pre-flai^ellates produced from cyst.

Mature puparium. Delafield's liajinatoxylin.

Figs. 95, 96.—Small aggregation-rosettes. Intestine. Thionin.

Figs. 97-114.—Post-flagellate Stages in Rectum.

Fig. 97.—Parasite dividing prior to encystment. Inte.stine. Tliionin.

Fig. 98.—Uneomuion form of division, occasionally seen in living

specimens. Rectum. Giemsa.

Fig. 99.—Small form. Flagellum in process of absoi'ption. Rectum.

Giemsa.

Fig. 100.—Parasite showing concentration of protoplasm in the region

of the nucleus. Rectum. Giemsa.

Fig. 101.—Form common in rectum. Body much flattened. Flagellum

disappearing. Delafield's ha;matoxylin.

Figs. lU'2-108.— Parasites showing jn-ogressive disappearance of

flagellum. Rectum. Tliionin.

Figs. 109-112.—Post-flagellate cysts from rectum. Giemsa.

Fig. 113.—Post-flagellate cyst from fseces of Melophagus ovinus.

Giemsa.

Fig. 114.—Thick-walled cy.st. Rectum. Giemsa.
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Studies in the Experimental Analysis of Sex.

By

OeoflVey Siniili,

Fellow of New Colleo-e, Oxford.

With Plate 14.

3. FuKTHER Observations on Parasitic Castration.

During my occupation of the British Association Table at

Naples this winter I took the opportunity of re-examining

certain points connected with the effect of Sacculina
neglecta on the spider-crab Inachus niauretanicus,

with the especial purpose of trying to settle the exact way
in which the gonad of infected individuals degenerates and

is absorbed. The mid-winter months being the most favour-

able season at Naples for finding numerous individuals of

Inachus very profoundly modified by the presence of the

parasite^ I was able to re-investigate many crucial stages in

the modification of the external and internal sexual organs,

with the result that, while certain new facts of interest have

come to light, I see no reason whatever for departing in any

respect from the statement of facts made in my earlier work,

or from the deductions drawn from them (' Naples Mono-

graph,' No. 29, Chap. Y). In this paper, besides giving the

results arrived at in respect to the degeneration of the gonad,

I propose to describe certain new instances of infected

Inachus which afford incontestable proof that male crabs

with differentiated though reduced male internal organs can

assume all the adult female secondary sexual characters.

It will also be shown both for the male and female sex that

the effect of parasitic castration can on no account be
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interpi'eted as a return to a juvenile uiidi rt'eren-

tiated condition.

In Part 2 of these studies it has already been pointed out

that this interpretation is ruled out by the facts, and this was

also pointed out in my earlier work, but not in so detailed

and categorical a form, with the unfoi-tunate result that

Professor T. H. Morgan, in a recent paper on " Sex iDetermina-

tion^' (' Journal Exper. Zoology,' vol. vii, 1909, pp. 343, 344),

has adopted this very explanation of my observations. Thus

he writes : "The broad abdomen of the castrated male might

be considered to correspond to the juvenile state. The only

external structure cited by Smith that might seem to indicate

that the characters of the castrated males ai-e female rather

that juvenile ones is the presence of hairs on the abdominal

appendages of Inachus, absent in the young crab, but present

in the adult female. Such evidence would not in itself be

conclusive, since the presence of hairs may be due to increase

in size or to a later moult rather than to latent female

characters. Smith concludes that the male sex, and pro-

bably the male sex alone, can be so radically modified in its

sexual nature as to assume a perfect external hermaphroditism.

If, on the contrary, we assume thnt we have here, not herma-

phroditism, but an imperfect development of male characters

combined with the juvenile condition, we might offer a

plausible explanation of the facts."

I am sorry that any want of explicitness on my part should

have misled Professor Morgan, but I cannot accept the state-

ment that the only characteristically adult female character,

cited by me as being assumed by the infected males, is the

presence of hairs on the abdominal appendages. I pointed

out in my earlier work ('Naples Monograph,' xxix, pp. 67,

70 and 71) that in the young stages of the female, before the

adult breeding form is assumed, the abdomen is a com-
paratively small flat plate, whereas in the adult it becomes
suddenly widened and also takes ou a hollowed trough-like

shape, so that the two forms of abdomen are absolutely

distinct morphological structures, distinguishable from one
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another at a glance (see figs. 1, 2, 3 and 4, PI. VII, 'Naples

Monograph' and again ' Quart. Journ. Micr. Sci./ vol. 54, PI.

SO, figs. 10, 11, 13, 14). Now, when the infected males take on

the female external characters they have never been found to

assume the juvenile flattened form of abdomen which charac-

terises the young stages of both males and females, but they

invariably take on the hollow trough-like form characteristic

of the adult breeding female and of her alone (see the

numerous figures on the plates referred to above). That is

the first objection to the view that the alteration of the male

is merely towards a juvenile condition, and anyone who will

examine the series of specimens exhibited in the South

Kensingfton Museum or in the Oxford Museum, or those

deposited by me at the Zoological Station at Naples, will at

once perceive the entire morphological difference of the

abdomen in the young and adult female, and the identity of

the modified male abdomen with that of the adult female.

Secondly, with regard to the abdominal appendages. It is

not a question of the mere presence or absence of a few hairs,

as Professor Morgan has unfortunately been led to suppose.

The abdominal appendages of the juvenile and adult indi-

viduals differ as radically, if not more radically from oiie

another, than the form of the abdomen. In the young form

uf the female these appendages are short, stout and rod-like,

and provided with a very few short bristles, as shown in PI.

14, fig. 7 of this paper. In very young males similar

appendages are present, but they are lost at a very early

stage indeed, only the two anterior appendages being kept as

the copulatory styles. The form of these two appendages in

the young male is shown in PI. 14, figs. 1 and 2.

The adult female, at the same moult at which it acquires

the characteristic adult form of abdomen, assumes a totally

different kind of appendage of the form shown in PI. 14, fig.

4. Here it is seen that instead of being stout and rod-like

with a few stiff hairs, as in the young females, the appendage

has become transformed into two wisp-like branches, the

exopodite being densely clothed with long plumose hairs, the
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endopodite, now a slender-jointed structure, being fuinished

with exceedingly long pointed, hairs for tlie attachment of

the egg^. The structure of these abdominal appendages in

tlie adult female, adapted as they evidently are for repro-

ductive purposes, is as morphologically distinct from that of

the young individuals of either sex as anything very well

could be.

Now let us inquire in what form the infected modified

males assume the abdominal appendages. The answer is

plainly given by reference to PI. 14, fig. 4. This ligure is an

actual camera drawing of the second abdominal appendage of

an infected individual, which was proved to be a male by the

presence of a copuhitory style of a somewhat modified form

(PI. 14, fig. 3), and inteinally by the presence of testes and

vesicuke seminales of a typical character on either side. The

testis and vesicula seniinalis of one side of this individual are

shown in PI. 14, fig. 10. The form of the abdominal ap-

pendfiges (PI. 14, fig. 4), of which there were four on each

side in addition to the copulatory styles, is identical with that

of a normal adult female; in fact, since this figure serves

equally well to depict the abdominal appendage of a normal

adult female, I have not considered it necessai-y to give

another figure, which would simply mean repeating the same

structures.

The infected male individual to which figs. 3, 4, and 10 on

PI. 14 refer is a particularly favourable type for showing con-

clusively that the abdominal appendages, when assuined by

the infected males, are of the characteristically adult female

type. As a matter of fact a commoner condition is that shown

in PI. 14, fig. 5. In this infected male the copulatory

style was greatly reduced (fig. 6) and the abdominal appen-

dages were also developed in an imperfect condition, with

almost complete suppression of the endopodites. Neverthe-

less, the characteristic plumose hairs are present on the exo-

podite, Avhich is of a slender shape, thus conforming to the

adult type of female appendage and not really approaching to

the juvenile condition. This figure might equally well reler
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to tlie abdotninal appendage of an iufected female, in which

the endopodites are veiy frequently thus reduced.

We have now examined in some detail two of the most im-

portant cliaracters in which the infected male Inachus is

modified by the presence of the pai-asite Sacculina, viz. the

shape of the abdomen and the form of the abdominal appen-

dages, and we have seen that Professor Morgan's attempt to

explain the modiKcation of tiie male as a return to a

juvenile condition is quite at variance with the facts. But

we have still two more points to considei-, which render that

explanation still more impossible.

The most important of these two points is the fact that in

a certain small percentage of cases the infected males, on

recovery from the parasitic disease, have been observed to

have regenerated the gonad, and to have developed large ova

measuring about 1 mm. in diameter and full of the reddish-

coloured yolk characteristic of the mature ova of the female

Inachus. Professor Morgan himself admits the cogency of

this fact, so that I neeil not labour it here, its significance,

indeed, being obvious.

The second point is one which I have only been able to

settle final 1}' during my recent visit to Naples. In my earlier

work (loc. cit., p. 68) I inclined to the view tliat the presence

of Sacculina caused the young females under 18 mm. in

carapace length to assume prematurely the adult type of

abdomen and abdominal appendage, and I emphasised this

point as being of importance in precluding the view that the

effect of the parasite was merely to arrest development or

cause u leturn to a juvenile state. By a careful examination

of the large amount of material put at my disposal by Dr.

Lo Bianco this winter, I have found that this premature

assumption of adult characters by infected females undoubtedly

occurs. During December and January all the uninfected

females of carapace length up to 14 mm. had the immature

juvenile form of abdomen and appendage, but all the infected

females measuring from 6-14 mm. had the fully adult type of

both those structures. The real theoretical significance of
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this fact, which lias an importiint bearing on the whole

meaning' of parasitic castration, will be discussed later, but it

has been introduced here as a final nail in the cofHn of the

theory which attempts to explain the effects of parasitic

castration as due to arrested development or the assumption

of juvenile characters. Possibly the use of the term " parasitic

castration " has had something to do with perpetuating this

unfortunate error, the analogy between ordinary operative

castration or mechanical removal of the gonads and their

degeneration owing to the presence of a parasite being, as

Pi-ofessor Sedgwick has pointed out, extremely small. In

parasitic ''castration" the degeneration of the gonad is not

bi-ought about by the parasite mechanically removing or

attacking the gonad, but by its setting up a deep-seated

alteration of the metabolism of the host which secondarily

reacts on the gonad. We may now enter into the question

of the method of degeneration of the gonad. In the above

paragraphs I trust that the following conclusion has been

tlioroughly vindicated. The moditication of the male Inachus
by the parasite Sacculina consists in the assumption by the

male of adult female sexual characters to a greater or less

degree of perfection ; in neither sex can the modifica-

tion be ascribed to arrest of development or the

assumption of a juvenile immature condition.

As I have shown in my earlier work (loc. cit., pp. 72-74)

the degenerate condition of the ovaries and testes with their

ducts in infected Inachus is due to two causes : firstly, an

arrest of growth, so that the gonad tends to remain in the

same condition as it Avas when infection took hold, and

secondly, to an actual absorption of the tissues of the gonad

and their final disappearance, a process which was often

accompanied by an actual irruption of the roots of the

parasite into the germinal tissues. The ari-est of growth of

the gonad and the first stages of degeneration, at any rate in

the male, were shown to be independent of the irruption of

the Sacculina roots.

The method of absorption and disappearance of the gonad



STUDIES IN THE EXPERIMENTAL ANALYSIS OF SEX. 231

was not clearly made out, and it was my chief object this

year to obtJiin some idea of how this process takes place, to

observe, for example, wliether phagocytosis takes any active

part in it.

The condition of arrested growth without any signs of

active degeneration is well exemplified by the testis and

vesicula seminnlis figured on PI. 14, fig. 10, which was dis-

sected out of the perfectly modified male whose appendages

are represented in figs. 3 and 4. In PI. 14, figs. 8 and 9, are

drawn, on the same scale, the vesicula seminalis and a small

portion of the coiled testis of an uninfected male of the same

size, showing that the gonad of the infected individual has

remained very small and undeveloped. Spermatozoa were

entirely absent from the infected individual, whereas the

vesicula of the normal individual was crowded with them.

There is, however, another point to be observed. Investing

the gonad of the normal individual is a thin sheath of con-

nective tissue with flattened, darkly staining nuclei (c.s., PI. 14,

fig. 9). In the infected individual this sheath is seen to be of

proportionately greater thickness.

In PI. 14, fig. 11, is shown a portion of the testis of an

infected male in which the process of absorption of the gonad

has proceeded to a considerable extent. In three places small

disconnected masses of testicular cells [t.) are seen lying

ensheathed by connective tissue ; between the disconnected

pieces of germinal tissue nothing remains but the connective-

tissue sheath. By staining such preparations with a triacid

stain, e.g. Ehrlich-Biondi, small globules are seen lying

between the germinal nuclei and the sheath, which take up

the orange stain. These globules may be looked upon as

degeneration products of the germinal tissue in process of

absorption. In none of the preparations which I have made
of degenerating gonads is there any sign of phagocytosis, the

degeneration appearing to take place by some process of

auto-digestion.

Tui-ning to the degeneration of the ovary, PI. 14, figs. 12

and 13, we find exactly the same process. Fig. 12 represents



232 GKOFFIfKY SMITH.

a portion of degenerate ovui-y of an infected female, in wliicli

islets of ovarian tissue containing; disintegrating ova are seen

encapsuled in the connective-tissue slieatli. Fig. 13 is a high

power drawing of a small portion of the ovary showing the

clear distinction between the germinal nuclei (N), the nuclei

of the connective-tissue sheath {rs) and the degenerating ova.

In a very great number of infected crabs dissected no trace

could be found of the remains of a gonad; and in these, allowing

for. a certain number in which I overlooked ihe degenerating

remains, one must suppose that the process of encapsula-

tion by connective tissue and auto-digestion had led to com-

plete disappearance. I am unable to state for certain whether

the connective-tissue sheath plays an active pait in the

absorption of the germinal tissue ; the chief part is clearly

due to a simple disintegration of the same nature as is now

known to occur in the destruction and absorption of the

larval organs of insects during metamorphosis. In this latter

process it was formerly held that phagocytosis played the

principal part, but it is now known that a process of auto-

digestion by fluids is at least as active an agent.

To conclude this part, I will attempt to outline, in a more

satisfactory manner than was possible before, an explanation

of why it is that the presence of a parasite should bi-ing

about such profound physiological and morphological changes

in its host.

We must clearly define, in the fir^t place, what these

changes essentially consist in. It has been shown in my
earlier papers, and I trust still more fully brought out in this

paper, that the effect of Sacculinaon Inachus is to cause the

infected individuals of both sexes to assume adult female

characteiistics. This results not only in transforming the

males into hermaphrodites with preponderating female char-

acters, but also in hastening on the assumption of adult

female characters by immature females. The problem, there-

fore, resolves itself into this. Why should the presence of

•Sacculina cause the host of either sexto becomeadult female

in nature '^
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Let us examine what the process of becoming adnlt involves

in an ordinary female crab. Plainly the most important

change is the rapid elaboration of yolk material which accu-

mulates in the ovary, causing the latter to grow to a very great

size. This elaboration of food material in the ovary is the

fundamental point in which the adolescence of the female

gonad differs from that of the male. In the male gonad at

maturity we have an immense multiplication of nuclei and of

chromatin but a small development of cytoplasmic material

and no deposit of yolk ; in the female we have the exact

opposite of this process. The most important part, then, in

the process of becoming adult female, is the active elaboration

of yolk material.

We have arrived, therefore, at this point of the argument:

that the presence of Sacculina causes the crab of either sex

to become adult female in nature, and the most important

activity of this state is the elalioration of yolk material. Can

we prove that the presence of Sacculina actually causes its

host of either sex to produce yolk material ? I believe we can.

If the roots of Sacculina which fill the body of an infected

Inachus be examined, they will be found to be packed with

small globules of an oily material, and if the roots are stained

with such a mixture as Ehi-lich-Biondi's tri-acid stain it may
be observed that the Sacculina roots take up the same consti-

tuent in the stain, namely the acid fuchsin, as the yolk of

an adult female crab's ovaries. From the observed contents

Qf the Sacculina roots find from their reaction to stains it is

clear that the}' are elaborating from the blood of the Inachus
of both sexes a closely similar yelk material to that which is

xiormally accumulated in the ovary of a healthy adult female

Inachus.
The effect of Sacculina on Inachus is therefore to force

the latter to elaborate yolk material of a similar kind to that

which is normally developed in the ovary of the female at

maturity. As the Inachus elaborates it the Sacculina

abstracts it, so that it does not come to be deposited in the

gonad until after recovery from the disease, when, as we have
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seen, the yolk-containing ova may be formed in the gonad

of either sex.

Meantime the continued production and circulation in the

blood of the infected Inachus, whether male or female, of

this yolk material, or rather of the substances from which the

yolk is built up, is accompanied by the production of the

secondary sexual characters proper to the adult female.

These yolk-forming substances, or substance, are therefore

identical with the " sexual formative substance," whose

existence we deduced in Part 2 of these studies. We may
summarise the above argument as follows: The Sacculina

roots require for their nourishment a substance in the blood

of the crab which they can work up into yolk material.

This substance is provided for them in the female sexual

formative substance, which is circulating in small quantities

in normal male crabs as well as, in greater quantities, in

female crabs. But the Sacculina roots must have the power,

not only of abstracting this material from the crab's blood,

but also of forcing the crab to go on forming this substance

in excess. This may seem to be a great assumption; but it

is exactly here that a very close parallel can be drawn

between the phenomenon we are dealing with and the

general processes of immunity to parasites and organic

poisons. Immunity has been interpreted, especially by

Ehrlich, to mean that when a poison acts upon an organism it

combines with and anchors certain organic molecules, which

are then regenerated in excess and poured out into the blood-

stream as antibody. If we suppose, therefore, that the

Sacculina roots anchor the molecules of the female sexual

formative substance, and this, from the fact of their forming

yolk material, they appear to do, it is in accordance with the

facts of immunity to suppose that the molecules of the sexual

formative substance, w^herever they are formed, will be

regenerated in excess.

The continued operation of this process, namely, the pro-

duction of female sexual formative substance in the blood-

stream, and its abstraction by the Sacculina I'oots, would
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account foi- all the obsei'ved phenomeua, viz. the development

of adult female characters, which are dependent on the presence

of this substance in quantity in the blood, and the abortion

of the gonad owing to the Sacculina roots seizing on its

proper nutriment and not permitting it to grow or develop.

Nevertheless in the case of the hermit-crab infected by Pelto-

gaster, Potts has shown that small eggs may be formed in

the gonad, even while the parasite is still vigorous, showing

that the excess of sexual formative substance has to some

extent been seized on by the gonad.

In the above manner it appears to me that we not only

gain a clear idea of the process involved in " parasitic castra-

tion," but the phenomenon, instead of appearing an isolated

curiosity of a wholly inexplicable nature, falls into line with

the well-known reactions to parasitic infections which are

classed under the category of immunity. The clue to the

whole theory rests in the truth of the statement that "pai-a-

sitic castration " consists in the assumption by the infected

individuals of adult female characteristics, owing to the

development within them of the female sexual formative sub-

stance. If this statement of the case is rejected by the reader

on the evidence which I have adduced, he will nsiturally reject

the theory proposed to account for it, and if he can succeed in

framing a different and more satisfactory theory which will

include all the facts I shall be very well pleased.

But any attempt to explain " parasitic castration " by

vague analogies with the effects of operative castration, or by

referring the whole phenomenon to arrested development or

appearance of juvenile characters, is certainly foreordained to

failure.

The explanation here offered of parasitic castration differs

from that which I proposed in my first work (^Naples Mono-

graph,' xxix, p. 82, et seq.) only in its greater precision, not

in its general outline. In my original statement of the theory

I ascribed the alteration of the male to an adaptive response

of the metabolism in order to make good the drain on the

system caused by the presence of a parasite. The metabolism
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was represented as changing from the katabolic male con-

dition to the more anabolic female, and this change was

supposed to be eifected by the development in tlie body of

the female sexual formative substance. It is clear that this

theory is fiuidamentaliy the same as that now proposed, but

being couched in lather vague and general language, it seems

to have made very little impression even on those who un-

reservedly accepted my statement of facts. By showing,

firstly, that tlie assumption of the adult female condition

involves an active elaboration of yolk material, and secondly,

that the Saccnlina roots actually withdraw some substance

from the crab's blood from wliich they manufacture a yolk

substance closely siuiilar to that normally deposited in the

eggs of the ci"ab, and also by emphasising the fact that in reality

both sexes of the host react in exactly the same way to the

parasite, it has been possible to express the theoiy in a far

more objective manner.

Summary of Part 3.

(1) The effect of Sacculina on male Inachus consists in

tlie assumption by the male of adult female characteristics, and

can in nowise be ascribed to arrest of development or acqui-

sition of juvenile or immature characters, as suggested by

Professor T. H. Morgan.

(2) 'The effect of Sacculina on young immature females of

Inachus is to force them to assume prematurely adult female

characteristics.

(3) The absorption of the gonad of infected Inachus of

both sexes is brought about by a process of eusheathment

with connective tissue and auto-digestion, phagocytosis ap-

parently playing no part.

(4) The reason wh\^ Sacculina causes theassumption of the

adult female state in Inachus is found in the facts (1) that

the roots of Sacculina elaborate a yolk-substance from the

blood of Inachus of a similar nature to that which is elabo-

rated in the ovaries of an adult: female Inachus
; (2) that in

order to elaborate this yolk substance they take up from the
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blood of luaclius the female sexual formative substance,
which is the necessary material for forming the yolk

; (3) that
the female sexual formative substance, being anchored by the
Sacculinaroots,is regenerated in excess; (4) that thepreseuce
of the female sexual formative substance continually circulat-

ing in large quantities in the body-fluids of the infected crabs
causes the production of adult female secondary sexual

characters, and, when the parasite dies, of yolk-containing eo-fs.

4. On a Case of Paiiasitic Castration in a Vertebrate.

Although numerous cases are now known of the presence
of a parasite causing arrest of development or degeneration
of the reproductive organs in various invertebrates, no clear

instance of this process has been reported, so far as I am
aware, among vertebrate animals as the result of bacterial

disease of organs other than the reproductive organs them-
selves. Of course, where the reproductive organs themselves

are the seat of infection, a certain amount of atrophy or

degenei'atiou may naturally result, but we have here to deal

with a case of parasitic castration, analogous to the case of

Sacculina on Inachus, or of Entoniscus on various

crabs, where the reproductive organs are not themselves

necessarily attacked by the parasite, but are secondarily

affected by the general disturbance of the metabolism, set up
by the presence of a parasite in other parts of the body.

During December, 1909, I received a pure-bred Gallus
bankiva cockerel for breeding purposes. It belonged to

the breed known as tiie Indian Jungle Fowl, a breed which

has departed very little from the wild Gallus bankiva.
The bird when it arrived appeared in good health; the

plumage was in good condition, the comb and wattles well

developed and red, the spurs fully developed, the tail carried

•erect, and the bird crowed in the noi-mal manner. Its age
was one year and a half. About two weeks after it arrived

it showed signs of sickness and a tendency to mope in the

straw at the back of its run. These symptoms became
gradually worse, and at the beginning of February the whole
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appearance of the bird was changed : the comb and wattles

wei-e greatly shrunken, and instead of being bright red were

unhealthy pink patched with grey ; the skin round the eyes

was bloodless; the tail was carried drooping, and the bird

never crowed. The bird was isolated and treated with

purgatives, but the illness continued, the comb and wattles

having withered by the middle of April to about half their

original size. The spurs and plumage were unchanged, save

for the fact that the tail was always drooped. The bird was

killed and dissected on April 8th.

The post-mortem examination showed that it was suffering

from very acute avian tuberculosis. The liver was inter-

penetrated with whitish calcai-eous nodules swarming with

the characteristic tubercle bacillus, while the whole course of

the alimentary canal, pancreas and spleen was covered with

similar swellings, some of them of the size of a pea, also full

of living bacteria. Only the alimentary and lymphatic organs

were infected, the lungs, kidneys, and testes being entirely

free of infection.

Althousrh the testes were uninfected, it was at once

apparent that they were very remarkably reduced in size,

measuring only 10 mm. in length by 5 mm. in breadth,

whereas in a normal cockerel of the same breed and age, at

the same time of year, they measured 40 mm. in length by

25 mm. in breadth. The vasa deferentia were also reduced

in size, and this was especially noticeable in the coiled lower

part of the tubes where they pass into the vesiculte seminales:

no spermatozoa were present.

Sections of the testes showed the testicular tubes intact,

with a regular lining of germinal epithelium cells with nuclei

in a resting condition. There was no sign of any mitosis or

of any other stages in the process of spermogenesis. The

testicular tubes, in fact, presented the appearance charac-

teristic of immature birds of a few weeks old.

In a certain number of the tubes degenerating germinal

cells with abnormal nuclei could be seen.

In contrast to this extreme reduction and arrest of develop-
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rnent in the germinal part of the glands^ the interstitial cells,

forming islets everywhere between the testicular tubes, were

well marked.

There was no trace of infection by the tubercle bacilli in

either testis.

It is clear from the course of the disease and from the post-

mortem examination that the reduction of the comb and

wattles and the atrophy of the testes went hand in hand with

the acute development of the tuberculosis. We know from

numerous experiments that the effect of the removal of the

testes in Gallus is to arrest the developmentof the comb and

wattles ; otherwise, except for the loss of the crowing and

the drooping of the tail, the other secondary sexual characters

are not affected. We have seen that as the bird in question

became ill, the principal symptom was the reduction in the

comb and wattles, and the post-mortem showed that the

testis must have been accompanying these organs in a process

of atrophy.

We have, therefore, in this case, an instance of parasitic

castration caused by a bacterial infection of a vertebrate host,

exactly parallel to the cases of parasitic castration in various

Invertebrata caused by such various parasites as Crustacea,

Sporozoa, and worms of various kinds. In a great number

of these cases the effect of the parasitic castration is to

arrest the development or cause the atrophy of the primary

and secondary sexual characters without actively calling

forth the production of the female sexual characters in

the parasitised male. In other cases (as far as we know
only in the Crustacea) besides the suppression of the sexual

characters both primary and secondary proper to the

infected individual, we find the active assumption of female

characters by the parasitised male, as described in Parts 2

and 3 of these studies. The particular case just described

belongs, as far as the evidence goes, to the former of these

two categories, i. e. that in which certain of the male sexual

characters atrophy without the active assumption of female

characters. The principal interest attaching to this case
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consists, firstly, in establishing a bacterial disease of a verte-

brate as a cause of parasitic castration and thus extendinor

the operation of this principle to two new classes of organisms,

and secondly, in bringing out the correlation between the

activity of tlie testes and the development of the comb and

wattles of (lallus bankiva. In the next part this correlation

will be dealt Avith more fully on an experimental basis.

Lettering.

C. S. Connective tissue sheath. En. Endopodite. Ex. Exopodite.

N. Germinal nuclei. 0. Ovary. T. Testis. V. S. Vesicula seminalis.

EXPLANATION OF PLATE 14,

Illustrating j\Ir. (ieoftrey Smith's paper on " Studies in the

Experimental Analysis of Sex."

All the figures refer to Inuclius mauretauicus (Lucas).

Yv^. 1.—First abdominal appendage (copulatory style) of noi-mal

uninfected male. X 5.

Fig. 2.—Second abdominal appendage of normal uninfected male, x 5.

. Fig. 3.—First abdominal appendage of infected male " A." X 5.

Fig. 4.—Second abdominal appendage of infected male '• A." X .5.

(This figure might sev\e equally well for the abdominal appendage of

an adult female.)

Fig. 5.—Second abdominal appendage of infected nuile " B." x 5.

Fig. 6.—First abdominal appendage of infected male " B." x 5.

Fig. 7.—Second abdominal appendage of nonnal uninfected female»

before adult condition is assumed. X o. (The adult form of this

appendage is practically identical with that given in fig. 4.)

Yia;. 8.—Vesicula seminalis of a small normal male, measuring 14 mm.

carapace length. X 20.

Fio-. 9.— Coils of testis of the same male. X 20.

pi(f, 10.—Yesicula seminalis. duct, and coils of testis of infected

male"" A." X 20.

YW. 11.—Portion of testis of an infected male, showing absorption

of germinal cells in connective-tissue sheath, x 30.

Y\o-. 12. Portion of ovary of an infected female, showing alssoi-ption

of ova and germinal cells in connective-tissue sheath. X 30.

p;,^. 13.—Another portion, higher magnification, of ovaiy of infected

female. X 60.
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Some Observations on a Flagellate of the Genus
Cercomonas.

By

C. M. Woiiyon, ilI.B., B.S., B.Sc,
Pi'otozoologist to the London School of Tropical Medicine.

With 19 Text-figures.

In tlie present paper I shall describe a flagellate of the

genus Cercomonas, a genus first created by Dujardin, in his

' Historie Naturelle des Zoophytes lufusoires,' published in

1841. Since Dujavdin's original description numerous flagel-

lates have incorrectly been attributed to this genus, so much so

that Klebs, in his ' Flagellatenstudien ' (1893), says that this

genus has not been defined with sufficient accuracy, that it

has been confused with Heteromila and Bodo by the over-

looking of the tail flagellum, and that the genus Cercomonas

must be rejected. It is undoubtedly true that the genus

Cercomonas is very confused, and this confusion has been

considerably lieightened by the description of Cercomonas

from the intestine of man and other animals. Davaine (1854)

was the flrst to record the presence of Cercomonas in the

evacuations of a man sufl:'ering from cholera. Without going

into the question of the correctness or otherwise of Davaine's

conclusions, it is undoubtedly a fact that many observers,

noting the presence of active flagellates in the intestinal

contents, have attributed them at once to the genus Cerco-

monas, and as a result of this various species of Trichomonas,

Lamblia, and possibly other flagellates have been included in

this genus. In the present instance the flagellate to be
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described was found in the faeces of a patient in the Albert

Dock Hospital at the London School of Tropical Medicine.

This patient was infected with Entamoeba coli, and in order

to observe changes in the encysted forms of this amoeba some

of the fajces were placed in a clean glass-stoppered bottle.

In the course of a few days it was noticed that large numbers

of Hagellates were ])resent. It is probable they had developed

from cysts which must have been present in the faces. On
first examination it was seen that these flagellates corre-

sponded very closely with the original description of Dujardin

for the genus Cercomonas. and for this 1 took them to be.

On more careful examination I found that the tapering

posterior end was in reality a second flagellum, and that this

could be traced along the surface of the body to which it was

attached as far as the insertion of the long anterior flagellum.

The presence of this posterior fliigellum and its attuchmtnt

to the body required very careful observation to make out,

for it can only be clearly seen in certain portions of the

animal, and it is quite conceivable, as Klebs maintains, that

Dujardin overlooked this posterior flagelUun. Dujardin's

original description of the genus is as follows :

^' Genre Cercomonas.

''An. arrondi ou discoide, tuberculeux, avec un prolonge-

ment posterieur variable, en forme de queue, plus ou moins

long, plus ou moins filiforme.

Les Cercomonas ne different absolument des jMouads que
par uu prolongement posterieur, forme par la substance

meme du corps qui s'agglutine au porte-objet, et s'etire plus

ou moins, de maniere a n'etre tantot qu'un tubercule aminci,

tantot une queue allongee transparente, tantot enfin un tila-

meut presque aussi fin que le filament anterieui-, et suscep-

tible d'un mouvement ondnlntoire; mais bien scuvent j'ai cru

voir les Monades passer par degres I'etat de Cercomonas."

A comparison of this description with that now to be given

will show how closely the two agree.

The occurrence of this flagellate has been described above.

By transplanting into other media I have been able to keep
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cultures of this flagellate tree from other Protozoa for about

a year, and it is only that circanirstances preventing ine from

continuing these observations I now describe what results I

have already obtained.

Method of Observation.

I have found the best liquid culture medium to be hay

infusion to which a small quantity of faeces has been added.

The flagellates will live and multiply in hay infusion alone,

but, as in other thin media, the numbers of" flagellates are

always very small, so that any observation is difiicult to make.

In the thicker medium the numbers are not only larger but the

movements of the flagellates are slower and accordingly more

easily followed. For keeping stock cultures small test-tubes

were used as in bacteriological methods, but for making-

observations hanging-drops in the moist chambers of Max
Schultze were most useful. In these hanging-drop prepara-

tions the flagellates would live for weeks, till finally, all nutri-

ment being used up, encystment followed. By the addition

of fresh nutriment to the hanging-drop the culture would

commence again.

In addition to the liquid medium I have found the solid

agar medium used for the culture of amcebae most useful. It

was first employed for the culture of flagellates by Berliner.

This observer, working with Copromonas major, found

that on the solid medium the flagellates multiplied rapidly

till enormous numbers were present. I can fully confirm

this, and for the study of the details of nuclear division

the presence of such lai-ge numbers of dividing forms is

very useful. The medium I employed differed slightly from

that used by Berliner. For the culture of amoebae I have

used with success the medium first invented by Musgrave

and Clegg, and I have found it equally good for the flagel-

lates at present under discussion. I have employed it in

the ordinary Petri dishes. By unveiling the dishes the

progress of the culture may be watched under the low

powers of the microscope. A very useful method for the
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use of this medium, and one which will allow observations to

be made with high powers, is the following : A long cover-

glass (l-i inches) is taken and carefully cleaned. On a clean

slide ridges of Czokor's wax, first recommended to me by

Professor Mincliin, are so arranged, about an eighth of an inch

high, that the cover-glass will form tlie lid of a box. Some

of the medium is melted by placing the test-tube in boiling

water, and a small drop of this is allowed to fall on to the

cover glass, which is lying on the top of the hot-water oven.

By careful tilting of the cover-glass the melted medium will

form a very thin layer over the cover-glass, which is then

removed so that the medium may solidify. The surface of the

medium is then inoculated with a small quantity of material

from a previous culture and the cover-glass inverted on the

wax ridges. By means of a hot wire and more wax the whole

Tuay be completely sealed up. It is most essential that not

the smallest opening be left, or it will be found that the

medium will quickly dry and the culture end.

In this way it is easy to follow the multiplication of the

Hagellates with the ^in, objective, and if the film of medium

has been made sufficiently thin the oil-immersion may be

employed.

In every case where the flagellates grow in the solid

medium their chief nourishment seems to be the numerous

bacteria that grow at the same time.

For studying the flagellates in the fixed and stained con-

dition the cover-glass method has been mostly used. Some
of the liquid medium or some of the culture scraped from

the surface of the agar is spread on a clean cover-glass, and

without allowing it to dry it is dropped, film side down, on to

the surface of some fixing fluid. Another method of obtain-

incr a film from the agar cultures is this: A cover-glass is

dropped on to the surface of the agar culture in a Petri dish.

It is gently pressed down till its sui-face is seen to have

touched the culture. On raising it with a needle it will be

found that a layer of the culture is adherent to the cover-

glass, and it may be fixed as before.
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For fixing the flagellates the most useful fixative has been

Schaudinn's mixture of two thirds saturated aqueous solution

of sublimate and oue tiiird alcohol, slightly acidified with

acetic acid. This has been used in the manner just described

by Schaudinn or in a slightly modified form. The films are

best stained with iron-hsetnatoxylin.

DBSCRIPTfON OF THE LiVING FlAGELLATES.

When examined in a drop of liquid medium on a slide the

Text-fiffs. 1-8.—Drawin2;s from life.

Text-fi«, 1. Text-fig. 2.

Aniceboid form in early division

stage.

Amojboid form.

flagellates appear as pear-shaped organisms, with a long

flagellum, about twice the length of the body, arising from

the blunt end. The posterior end of the body is, as a rule,

drawn out to a tine and tapering point. By the constant

lashing of this long anterior flagellum the* animal is drawn

along. Sometimes the flagellum is, as it were, hooked around

some distant object, and by its flexion pulls the body towards

this point. The posterior end of the body, which, as stated

above, is also a flagellum, moves much less vigorously than the

anterior. Its movements may be quite passive, being only

the accidental changes in position produced by the changes
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in shape of the body. At other titnes there is a distinct

to-and-fro or lashing movement, but at its maximum it is

much less violent tlian that of the long anterior flagellum.

'I'he protoplasm of the body may be continued along this

posterior flagellum for a considerable distance. On very

careful focussing it can be seen that the posterior flagellum

Text-fig. 3.

Two amoeboid forms with entangled flagella.

is attached to one side of the body, and really arises from the

insertion of the anterior flagellum. fT This is very well shown
in some of the figures, e.g. 3, 5, 9. "When the body is viewed

in certain positions it is t-een that ic is distinctly flattened

along the line of attachment of the posterior flagellum (fig. 10),

and when the posterior flagellum is moving at its maximum
rate this flattetied edge of the body shows slight but distinct

iiudnlatorv movement, reminding one most strikin^lv of the
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movements of the blood inhabiting Try panoplasma.

Indeed, this flagellate in many respects occupies a position

intermediate between the genus Bodo and Try pano-

plasma.

The nucleus is clearly visible in the living animal. There

is a distinct membrane, and at the centre of the nucleus is a

large karyosome. The nuclear membrane is drawn out at

one pole towards the insertion of the two flugella, and occa-

sionally a clear line may be detected connecting the apex of

Text-fig. 4.

Division-stage of free-swiniming form.

the nucleus with the base of the two flagella. The details of

these structures are much more evident in the fixed and

stained films. The protoplasm of the body contains food

and other vacuoles, but contractile vacuole is not present.

Sometimes the nucleus is surrounded with refractile granules,

having the same greenish line and refraction as the karyo-

some within the nucleus. These may be present in sufficient

numbers as to completely obscure the nucleus. Similar

granules occur in the protoplasm of encysted forms (fig. 6).

These granules stain deeply, and are possibly of a chromatin

nature.

In the hanging-drop preparations especially this organism
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exhibited a peculiar polymorphism. In the central part of the

hangiiij^ drop, where the fluid whs deep, the flagellates had
the typical ]iear-shaped appearance, with the long, ta]iering,

posterior extremity. At the sides of the hanging drop, where

there was only a thin layer of moisture on the cover-glass, the

typical pear shape was lost and the flagellates had the appear-

ance of amccbae. When first I observed this I thought my
culture had become contaminated with an amoeba, but the

Text-fig. .5.

Ordiiiaiy free-swimming type.

presence of the long anterior flagelhim and the short posterioi*

one disproved this idea. It was possible to watch a single

individual swimming in the deep part towards the edge. On
reaching the shallow part the character of the organism

changes at once to the amcsboid form. Pseudopodia are pro-

truded and withdrawn, and the animal creeps about in a

typical amoeboid manner. All this while the long anterior

flagellum is lashing to and fro, but appears powerless to draw
the animal across the surface of the cover-glass. It is only in

the deeper part of the hanging diop that the flagellum is useful.

The posteiior flagellum is often not visible, and its prolonga-

tion across the surface of the bodv is more difficult to detect.
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When seen ifc is inert and only moves in a passive manner.

It seems to take little share in movements ot" progression.

On the surface of the agar medium the organism is generally

of the amoeboid form.

At the edge of the hanging-drop prepai'ations or on the

surface of the agar it is eas}- to watch these amoeboid forms

ingesting- food by surrounding objects with pseudopodia. As

a rule the amoeboid foi-ms contain many more food-vacuoles

than those swimming in the deeper layers.

Text-fig. 7.

Less regular encysted form.

Reproduction is by longitudinal division. There is first

multiplication of the flagella, whether by new fomnation oi-

division of those already existing has not been determined.

The nucleus next divides. The karyosome is divided into two

parts, and finally the elongated nuclear membrane becomes

constricted and two nnclei are formed. After a short time

the protoplasm becomes drawn out and finally a constriction

appears, which ultimately ends in complete division. The

process of this division is very readily watched on the cover-
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glass cultures described above. Both the amoeboid and the

free-livino- forms divide in this manner, but on account of the

more sluggish movements of the former they are more readily

kept under observation.

In the cultures encysted forms commence to appear after a

few days. In the liquid cultures they are to be found in the

.scum on the surface or in the deposit at the bottom. On the

agar cultures the cysts appear in the older parts of the culture.

On this medium the margin of bacterial gi-owths spreads over

the surface, and in this margin the actively reproducing

llao-ellates are to be sought. In the oldest part of the culture

no free flagellates can be found, but only the cyst.

Text-fig. 6. Text-fig. 8.

Encysted forms sliowin<^ refrae- Free form with refractile granules,

tile ft-ranules surrounding Prol)able preparation for en-

niicleus. cystment.

In the fresh condition these cysts appear as slightly brownish

spherical bodies, with a wall of double contour.

At the centre of the cyst is the spherical nucleus, which

has similar characters to that of the free form, except for the

prolongation towards the flagella. The nucleus is surrounded

by the bright refractile granules, which were described as

occurring iu some of the free forms. It is probable these

granules are of a chromatin nature, and that they arise from

chromatin passed out from the nucleus, though this process

has not been followed.

Though these organisms have been kept under observation

for a year or more conjugation has not been seen, nor has

any sexual process been detected. It is possible that some

sexual process is bound up with the encystment, but as the
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entrance into and emergence from the cyst has not been

directly observed and no multiplication within the cyst could

be seen nothing definite on this point can be stated.

Text-figs. 9-19.—Drawings from stained preparations.

Text-fig. 9.

* i"^

9.

¥
V

Free-swimming form with granules round nucleus.

Fixed and Stained Specimens.

In the fixed and stained specimens, in addition to the

details Avhich were so clearly visible in the living organism,

others could be made out.

The'protoplasm of the body has a marked alveolar structure.

The'anteriorly placed nucleus shows a large, deeply staining
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karyosome, while connecting tliis latter body to the nucleai-

membrane is a coarse linin network. All the chromatin of

tlie nucleus appears to be concentrated in the karyosome.

The prolongation of the nuclear membiane towards the

Text-fig. 10.

Side view of free form showiiit; the flattened side along which
the flageUuin rims.

flagella is clearly sliown, while the base of these organs is

connected to the apex of the nucleus by a rod-like rhizoplast.

In some cases the drawn-out apex of the nuclear membrane

shows longitudinal markings, which converged toward the

.rhizoplast, while in others there is a connection in the form

of a more deeply staining pyramin between this body and the
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karyosome (fig. 11). Prowazek describes for Car co-

rn on as longicaudia a " ein Art uudeutlichen Zwischen-

fibrille/' which connects the karyosome to the insertion of

the flag'ella. Prowazek figfures this^ connection as a dark line

running from the karyosome to the apex of the nucleus, but

I have not been able to detect any structure as definite as the

one he figures.

This flagellate is a very excellent illustration of the fallacy

of relying for detail on the old. dry Romanowsky methods of

Text-fig. 11.

II.

Shows connection of karyosome and rliizoplast.

staining. The nucleus of this organism is clearly visible in

the living condition. Thei-e is a definite nuclear membrane.

At the centre of the nucleus is a large refractile karyosome,

while the space between this body and the nuclear membrane
is free from granules. The nuclear membt-ane is drawn out

at one point towards the insertion of the flagella. Now if a

film of the material containing this flagellate is allowed to

dry as in the usual method for the pi'eparation of blood for

staining trypanosomes, and stained by one of the modifications

of the Romanowsky method, the result may be very beautiful

from the colour point of view, but totally misleading in the

structure of the nucleus. This latter organ appears in these

VOL. 55, PAKf 2. NEW SERIES. 17
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dried tilras as an irregular clinnp of red staining granules.

In other words, its appearances are like those of the nuclei of

trypanosonies in similarly prepared films. In films fixed and

stained by the wet method described above the structure of

the nucleus is comparable with the appearances to be made
out in the living organisms.

The details of longitudinal division can be followed in the

Tkxt-figs. 12, 13.

.^.

/

I

13.

Dividing' forms.

stained preparations. The large karyosome becomes elongated

and constricted, and finally divided into two parts (fig. 15).

I was never able to detect within the k.'ir3'OSonie a centriole,

spindle, and lequitorial plate, as described by Berliner in the

division of Copromouas major, but the division takes place

in an amitotic manner, resembling that of Copromonas-

sub til is (Dobell). Most usually the karyosome becomes

distinctly dumb-bell shaped as in fig. 12, but at other times

the division is along the longitudinal axis of the elongated

karyosome, the resulting daughter-kai'vosomes each being

elongated (figs. 15, 16). Following the division of the karyo-

some the nuclear membrane elongates while the daughter-
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kaiyosomes separate. The flagella are duplicated at this stao-e,

but they still have a common rhizoplast, which is inserted

into one point of the elongated nuclear membrane, which is

drawn out slightly at this point towards the anterior end of

Text-figs. 14-16.

14. 15. 16.

Text-fig. 17.

W

Dividing forms.

the body of the flagellate. Division of the nuclear membrane
commences by a constriction at the point opposite the in-

sertion of the rhizoplast. The division is completed, and the

two nuclei, each with an apex, are connected to the base of

the rhizoplast. The rhizoplast finally divides longitudinally,

so that there result two nuclei, each with a rhizoplast and two

flagella. The exact method of origin of the flagella I was
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unable to trace, though some of the appearances seem to

indicate the formation of two new ones by outgrowth from the

rhizoplast. In fig. 18 is the nuclear apparatus of a flagellate

partially broken up on the film. It shows very clearly the

single rhizoplast with the duplicated flagella. The last stage

in the division process is thus the splitting of the rhizoplast,

while the first stage is the multiplication of the flagella and

the commencing division of the karyosome. After complete

division the nuclei pass to opposite poles of the body (fig. 17),

Text-fio. 18.

18.

Part of nucleus, rhizoplast. and flagella of partly broken-down
individual, to show the multiplication of the flagella before

division of the nucleus and rhizoplast.

and after a varying interval of time the body is divided into

tAvo equal parts.

The bright refractile granules which were described above

as occurring in the pi'otoplasm around the nucleus in the

encysted forms and in some of the free forms appear in the

stained specimens as dark-staining granules. Whether these

are chromatin granules of the nature of a chromidium or

whether they are capable of some other interpretation cannot

be definitely stated, since their fate has not been followed.

They certainly stain as chromatin, and their presence within

the cyst (fig. 19) would seem to suggest the possibility of
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their being nuclei of spores destined to escape from the cyst

find ultimately to develop, with or without conjugation, into

the adult flagellate form. Though cysts have been constantly

kept under observation and every inducement possible to

encourage the emergence from the cyst has been tried, I have

never been fortunate enough to witness this process. That it

does occur is borne out by the experiment of adding dried

cysts to fresh medium, resulting in a culture of flagellates.

In the stained preparation certain appearances are capable

of interpretation as a conjugation of the flagellates, and some

of the nuclear appearances as processes of maturation, but as

no undoubted conjugation was observed in the living flagel-

Text-fig. 19.

19.

Cyst showing dark-staining granules surrounding the large

central niiclens.

iates I refrain from describing these. AVithout the control of

observation on the living* forms descriptions of conjugation

and the accompanying nuclear changes are of little value,

since the possibility of error in interpretation is very great.

For Copromonas major Berliner has described from stained

preparations such a process of conjugation, but without the

necessary controls it is always possible that abnormal or in-

volution forms have been mistaken for such stages.

In rich cultures of the flagellates there is a very great

variation in size. Some individuals are comparatively large,

reaching a length of 15 ^t or more, excluding the flagella.

Others are very minute, being not more than 2-3 ju in longest

diameter. All intermediate sizes are to be met with in the

cultures. The encysted forms have a diameter of about 6/z or
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1 jx. These cysts will withstand drying at ordinaiy Iaboratoi-y

temperatures, and are capable of giving rise to fresh cultures

when broiiglit into suitable media.

Nomenclature.

It is certain that Dujardin's original description of the

genus Cei'comouas is incomplete, but it seems to me quite

clear from liis account that he was dealing with flagellates

similar to the one described in this paper. Though he did

not definitely state that the fine drawn-out posterior extremity

of the body was a tlagellum, still, he says that it was at times

so fine as to resemble the anterior Hagellum, and that it was

capable of independent movements. Further, in his table of

classification he divides the Monads into two groups. In the

first he includes forms with'"'uu seul filament flagelliform,"

while in the second tiiose with " pleusieurs filaments ou

appendices." The genus Cercomonas appears in the second

of these groups as a foi-m with '' un second filament ou

appendice posterieur." It is therefore quite evident that

Dujardin regarded this posterior termination of the body as

of the nature of a flagellum. Stein and J^iochmann describe

the genus Cercomonas as having a drawn-out posterior end,

though they do not describe a definite flagellum. 'J'he genus

Cercomonas was not accurately defined by Kent or Biitschli,

and to Klebs the confusion seemed so great that he proposed

the rejection of this generic name and the substitution of

G ruber's name Dimorpha, Avhich was created for a bi-

Hagellate showing" at certain staofes definite heliozooid

characters. In this genus Dimorpha Klebs included forms

which he identified with those described originally by

Dujardin as Cercomonas, and he suggests that this observer

has overlooked the second flagellum. We have seen how
near Dujardin was to definitely describing this second

flagellum, so that the action of Klebs in rejecting this

genus is hardly sound. It seems to me clear that the forms

described by Dujardin really possessed two flagella, though
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he failed to see this clearly. On this account I think it safer

to retain the g'enus Cercomonas for flagellates of the

character described in this paper, viz. flagellates with an

anterior blunt end from which arises a single long flagelluni

and a posterior tapering end also with a flngellutn, trace-

able over the surface of the body towards the insertion of the

anterior flaofelltim. This conclusion is come to bv Prowazek

also, who figures Cercomonas longicauda with two

flagella arising from the nucleus.

The specific name of this flagellate is difficult to determine.

Dujardin named several species of Cercomonas, though he

was careful to state that he was far from regarding these as

true species, but as a convenient means of distinguishing the

forms met with in different infusions. From the figures of

Dujardin and Stein it is possible that the flagellate belongs

to the species longicauda, so that the flagellate described

here may be assumed to be Cercomonas longicauda
Dujardin.
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While workinsr at Heidelbercr in 1906, under Professors

Butschli and Schuberg, the latter kindly called my attention

to a new species of gregarine in tlie gut of Glossosiphonia

complanata L, (Clepsine sexoculata), and suggested its

further investigation. The preceding summer, while busied

with a recently discovered coccidium occurring in the leech

Herpobdella atomaria Car. (= Nephelis vulgaris),

Professor Schuberg turned his attention to Glossosiphonia

complanata, which occurs in company with Herpobdella

in the Neckar and occasional ponds in the Heidelberg district.

Deeming it probable that two forms so alike in habit and

environment might harbour the same parasites, be dissected
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several specimens of this leech, aiul, ihouyh the results were

in the main negative, he found several animals infected with

a species of gregariue. Refei-eiice to the literature proved

the parasite to be identical witii a species briefly mentioned

by Bolsius in 1805 (2), and the subject of a more detailed

but still fragmentary paper in 1896 (3). Beyond a super-

ficial study carried on incidentally during his work on the

Glossosiphonia Bolsius seems to have paid no further

attention to the parasite, which remained unnoticed until

1900, when Castle (5), in an exhaustive treatise on the

N. American Rhynchobdellida) and their parasites, mentions

having observed the gregarine seen by Bolsius in about half

the specimens of Clepsine elongata which he examined.

He adds, however, that he only linds the animals in the

stomach diverticula, and never in the intestine or crop, as

indicated by Bolsius in his diagrams. Castle also mentions

encysted protozoa whicli he found in C. fuse a, and suggests

the possibility of their relationship to the form in G. com-

planata. The cysts he found in the muscle-layers oF the

body-wall, so that they jirobably have nothing to do with

the gregarine in question.

Liihe (14) quotes the parasite as having been mentioned

by Bolsius, and suggests that it ]n-obably l)elongs to the

tricystid gregarines.

The gregarine is thus a new and previously undescribed

form, for which I propose the name Metamera scliubergi.^

In the preparation of the sections and the study of the

living animal, during the last few weeks of my sta}- in Heidel-

berg, Professor Schuberg assisted me most kindly in every

way in his power; and it is due solely to him that I was able

to obtain Bolsius' principal pamphlet. My thanks are also

due to Geheimrat Prof. BUtschli, whose practical suggestions

I found of the greatest value.

' The form whioli appears most closely allied as regards structure of

tlie trophozoite is E o li i n om era. A study of the life-history, however,

has revealed points of difference which seem to wan-ant the creating of

a new genus for the form under consideration.
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By the kindness of Professor Sedgwick, who allowed me a

free hand in the laboratory of the Imperial College of Science,

S. Kensington, I was able eventually to complete my study of

the sections. And in this connection I must express my
indebtedness to Mr. C. C. Dobell, who is at present lecturing

at the College. His unrivalled knowledge of protozoan life-

history and technique has always been most generously

placed at my disposal, and has proved of the greatest value in

the preparation of this paper.

Material and Methods,

The leech which serves as host to Metamera schubergi

is Glossosiphonia complanata Linn. A few specimens

of Hemiclepsis marginata were also found infected. The

leeches live under stones in shallow water—running by pi'e-

ference—though I have found them in smaller numbers in still

pools. The material was collected at Heidelberg from the

shallows left by the summer fall of the Neckar in tlie neigh-

bourhood of the electric power station, below the new bridge,

and also from the opposite bank, aloug the wall separating

the skating rink from the liver itseU'. The leeches are fairly

common, and may be found clinging firmly to the under-side

of stones at the water's edge, especially in the numerous lumps

of red sandstone which litter the shore everywhere.

Recently I examined some specimens of Glossosiphonia
complanata sent me from the neighbourhood of Cambridge,

and found them well infected.^ These latter were obtained

in January, when the leeches are hard to find owing to the

scanty vegetation in the ponds in winter. In all the speci-

mens I examined from this source I only obtained one cyst,

and that a very small and early one.

The leeches can be kept for an indefinite period in a good-

sized glass jar, provided the water be aerated by passing

bubbles of air through it. Food is not necessary, though a

^ For this I have to thank Mr. Harding, and also for Lis kindness in

assisting me to determine the species.
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few small water-snails are much appreciated. Owing' to tlie

transparent nature of the integument in Glossosiphonia,
the parasites are visible in the living leech ; and if the latter be

forcibly pressed between two slides provided with waxcornei's,

and examined under a low magnification, the gregarines may
sometimes be detected in the stomach diverticula and intes-

tine. Unfortunately, howevei-, this method of diagnosis is

by no means infallible, as the numerous pigment-cells with

their clear nuclei look very like gregarines, and render

accurate observation impossible. 'J'lie gregarines occur in

the hindermost stomach diverticula and the intestine, just as

indicated by Bolsius in his diagram. The cysts are found in

the same regions of the alimentary canal, but are especially

numerous in the intestine.

Examination of sections shows that cysts can develop :is

far as the sporoblast stage in the intestinal canal of the host,

though they are often expelled with the fteces at a much
earlier stage in development.

In sections just above the anus no cysts were to be seen.

This part of the gut was almost occluded by a mass of

cephalonts and some sporonts of a peculiarly blunt outline.

The leech from which these sections were cut had previously

evacuated fteces containing a few very early cysts among
a greater number in which sporoblasts could be distinguished.

As many as ten cysts have been counted in one section.

To obtain the gregariue, the infected leeches were partially

dried on blotting-paper and the under-surface opened by

three incisions—two parallel and close to the margins, and

one at right angles to the long axis of the animal, at about

the junction of the middle and anterior thirds. The flap of

tissue was then carefully turned backwards towards the anal

sucker, the animal being placed in a watch-glass containing

normal saline solution. The gut-contents were thus emptied

into the saline, together with connective tissue, which is of

no account. By the aid of a hand-lens the gregarines could

now be seen sticking to the bottom of the glass, or still fixed

to fragments of the host-tissue. These latter are useful in
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stiidjiug the structure of the epitnerite, as this organ, in the

course of the teasing out, is very easily torn away, leaving

decapitated individuals which may be confused Avith true

sporonts. By gentle coaxing with a pipette the gregarines

can be freed from the bottom of the watch-glass and trans-

ferred to a slide for further handlinq-.

Preparations in toto were made originally under a cover-

slip provided with wax feet, and the various reagents di-awn

through with blotting-paper. In this way, b}' fixing the

gregarines with alcohol and glacial acetic acid (9 : l),a large

number of animals may be treated under one cover-slip, Avhich

is an obvious advantage. More recently I made some pre-

parations by fixing the selected gregarines in a watch-glass

with picro-acetic acid (3 : 1) and adding the various fluids by
means of a pipette and eventually picking out and mounting

the stained gregarines under a low magnification. I consider

the former method of treatment the more satisfactory and
certainly less laborious. As stains for these preparations I

used Grenadier's alcoholic cai-mine solution and Schuberg's

modification of Mayer's acid carmine. This latter solution,

being acid in reaction and not neutral, has the power of

penetrating the cuticle, and in employing it the preparations

must be very rapidly washed through with | per cent,

solution of HCl to prevent precipitation of the carmine during

the further treatment with the alcohols. Leeches destined

for sections were fixed either in Gilson's fluid or in the above-

mentioned alcohol and acetic mixture. Gilson's fluid should act

for two or three hours, and the sublimate constituent be most

carefully washed out with iodine-alcohol or a solution of KI
in 75 per cent, alcohol. As staining reagents hsematoxylin

(Delafield's) and eosin, safranin, and Heidenhain's iron-hasma-

toxylin were employed. Owing to the paucity of material,

the laborious expedient of applying both methods in succession

on the same preparation had to be employed. It was found

that htematoxylin and eosiu were satisfactory for the cepha-

lonts and sporonts, but gave very incomplete and misleading

results with the nuclear changes of the encysted forms, which



266 ]f. I.YNDHUHST DTKi:.

were defined much more distinctly with the iron-ha3matoxylin

method. All tissues were embedded in paraffin, with chloro-

form as the intermediary fluid.

Culturo of the cysts.—To obtain the ripe spores the

cysts were simply placed in the moist chamber, where, in the

course of seven or eight days, the spores were developed.

The cysts were either placed simply on a slide in a drop of

Neckar water or under a cover-slip provided with wax feet.

The cysts dehisced by simple rupture after about seven or

eight days. Cysts placed in normal NaCl solution in the

moist chamber did not develop successfully.

StRUCTUKK f)P THE TkOPHO/OITE.

The body is divided by septa into epi-, j)roto-, and

deutomerite, and is elongated in form (figs. 1-6). Some
individuals have a more thick-set appearance than others,

especially in the extreme hinder end of tlie gut, where the

gregarines are often crowded together. The animal measures

about 150^ by 45j«. At the posterior end of the deutomerite

there are often present indications of further subdivision of

the body, and occasionally as many as three complete segments

are seen (fig. 4). This segmentation is not confined to

gregarines of any peculiar build, being present in both long

and short forms, and it varies in the degree of development

of the segments. It was present in about a third of the

gregarines examined alive in Heidelberg, and is also very

distinct in the preparations of these animals made at the time.

The Cambridge gregarines also showed segmentation, though

it was distinctly less in evidence, both in the living animal

and in carmine preparations of it. It appears to vary greatly

—from the veiy faintest indication to quite definite septa.

It must be stated in this connection that no segmented

greo-arines were seen in the sections of the infected leeches,

though constantly found in preparations made by teasing out

the host-tissues. This compels one to consider the possibility

of injury during extraction being the cause of this segmenta-
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tion, altliougli the stained preparations do not in the least

degree support this suggestion.

The epiraerite is a dome-shaped structure. It is provided

with short club-like processes, recalling tiiose of Echino-

mera, but often branched, arranged in a dense ring around

the line of junction with the protomerite, and also on the roof

of the dome (figs. 4 and 5). These latter processes are

markedly shorter than those of the ring, and decrease in size

as the apex of the epimerite is approached. The processes

are perforated at their somewhat clubbed ends by small

poi'es, clearly to be seen in the freshly mounted living

gregarine by the aid of a j\ in. oil-immersion lens. Judging

from analogy with such forms as Echinomera and Ptero-

cephalus (Nina), and also from the ajipeai'ance seen in

sections across the point of fixation to the liost, there is no

doubt that fine psendopodia are protruded through these

pores, which fix the gregarine to the intestinal mucous mem-
brane of the host. The fixing apparatus is by no means easy

to identify, as, owing to the unavoidable roughness of the

dissection, the gregarines are rudely torn from their moorings,

and almost invariably carry away with them a crown-like

fringe—derived from the host-cells—which surrounds the

epimerite in the zone of the processes, and obscures all

details of its structure (fig. 3).

When kept under observation for some time—say an hour

or so—in NaCl solution, a curious phenomenon ensues. Just

at the line of junction between the protomerite and epimerite

a bubble-like vacuole appears, which gradually increases in

size, and carries with it the fringe of host tissue w^ith the

embedded processes till they sit like a crown on its upper

pole, sometimes symmetrically, sometimes displaced to one

side. Having reached a diameter about equal to that of the

protomerite the vacuole bursts, and the gregarine is suddenly

deprived of its epimerite (fig. 2). This vacuole formation has

been seen by Leger and Duboscq to occur in Pyxinia (14),,

and in my opinion has a probable bearing on the mooted

question regarding the fate of the gregarine epimerite, in the
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transition from cephalont to sporont. Frenzel (14) believed

the epiinerite to be absorbed in a manner similar to the

assimilation of a tadpole's tail. He found among numerous

cephalonts with large epimerites individuals with but a minute

projection from the protomerite, and he regarded this as a

scene in the gradual absorption of the epimerite. The sudden

disappearance he regarded as pathological, and due to

changes in the surrounding medium. My own observations

point to the same conclusion. The vacuole formation quoted

above is plainly due to plasmoptysis, which can be followed

under the microscope from its earliest onset to the bursting

of the bubble. Further, when the gregarines were examined

in a special solution of egg-albumen, NaCl and camphor, as

prepared by Professor Biitschli, the vacuole formation was

considerably delayed; a fact explicable on the ground that

the solution more nearly resembles the natural environment

of the gregarine.

The behaviour of the finger-shaped processes also points to

the epimerite being absorbed rather than directly thrown off

when the cephalont becomes free. In gregarines which are

normally lying free in the gut the processes are never to be

seen (figs. 1 and 6). The epimerite is still present, but the

processes have been withdrawn during the pi'ocess of separa-

tion from the mucous membrane
;
just as they are absorbed

in Echinomera when the cephalont becomes free in the

gut (17). This applies to all the free-lying specimens seen

in sections, and to a solitary living form which, together

with several cysts and some faeces, was pressed out through

the anus during examination of a leech between two slides

(fig- !)•

In the living sporont (fig. 1) the extreme anterior end of

the animal is quite transparent and devoid of granules, a few

of which, separate from the main endoplasmic mass of the

epimerite, may be seen showing Brownian movement along

its anterior border. After some time the whole granular

body of the gregarine appears to shrink back somewhat into

the cuticular sheath which envelopes it, and this clear area
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enlarges proportionally until almost the whole of the conical

knob which forms the epimerite is clear of granules. During

this process all three divisions of the endoplasm are still quite

distinct. By the time this stage has been reached osmosis

asserts itself, and the vacuole formation mentioned above

commences (fig. 2). In sections, however, the free-lying

sporonts all show a curious thickening of the extreme anterior

end of the epimerite, which behaves towards stains in the

same way as the rest of the cuticle, being, in fact, a thickening

of the latter anteriorly (fig, 6). It seems a feasible explana-

tion of this structure to say that it represents the cuticular

constituents of the numei'ous processes of the epimerite, which

have been retracted on the animal becoming free. It may
here be mentioned that Liihe (14), in his review of the

gregarines generally, pronounces in favour of the casting off

of the epimerite as the typical way in which the cephalonts

become free.

The nucleus lies in the deutomerite. It consists of a nuclear

membrane enclosing a clear ground substance, in which lie a

large vacuolated karyosome and a number of masses of

chromatic substance (fig. 7). The specimens from which

figs. 3 and 4 were drawn Avere very faintly stained owing to

excessive washing out, but some other preparations stained

with Grreuacher's carmine confirm the appearances ^seen in

sections, especially as regards the vacuolated nature of the

karyosome. The nuclear area is about 18^ in diameter; the

karyosome measures about 8 /./, and as a rule contains one

very large vacuole and several small ones. The large

chromatin masses are scattered irregularly throughout the

nucleus, and are of varying shape. The nuclear membrane
is well marked, and in common with the karyosome and the

chromatin masses stains deeply with both Delafield's h^ema-

toxylin and Heidenhain's iron-hsematoxylin. 'J'he ground

substance takes on a very faint blue tinge with iron-hasma-

toxylin. In some of the sections the karyosome has yielded

almost completely to the differentiating iron alum, and appears

gi'ey by contrast with the black chromatin masses. In
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these cases its vacuolated structure is very plain (fig. 7). As
a rule, however, the karyosome shows vei-y deeply stained in

the adult nucleus. Besides the nucleus there are usually to

be seen scattered throughout the body patches of a substance

which stains deeply with chromatin stains. These patches

have been described by Berndt (1) and others, and are espe-

cially numerous in the protomerite. Comes (7) has recently

shown that these appearances in Stenophora are probably

due to metabolic products, and are not nuclear. There are

also deeply stained granules in connection with the epirnerite

processes in sections stained with iron-ha3matoxylin, as

described by Schellack in Echinomera liispida (17).

Cyst-Formation axd DevELorMKNT op the Spores.

The act of association of two animals to form a cyst has

not been observed in the living animals. As indicated above,

in the sporont the epirnerite tends to become less prominent,

while a pad of cuticle forms anteriorly. Simultaneously with

this shortening of the long axis of the body the protomerite

increases in breadth and bulges, particularly around the

edges of the apical cuticular pad. From sections it would

seem that the two animals come together with their epi-

merites in contact. A ring of cuticle now arises around the

base of the terminal pad in one animal. Into the cup formed

by this ring the cuticular pad of the other gregarine is

inserted, while external to, and dovetailing with the ring of

the cup, a similar ring of cuticle arises in the second animal

(fig. 37). In very young cysts in which the nuclei of the

two animals are still unaltered the above arrangement of

the parts is very clear; bat as development proceeds the

septum of cuticle dividing the encysted sporonts becomes

increasingly irregular. In this region in the earlier cysts

there are patches of deeply stained material suggestive of

membrane, which are probably the remains of the cuticle of

the contiguous epimerites (fig. 13).

Behaviour of the nucleus preparatory to the
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formation of the first two daughter-nuclei.—
Although the material which I was able to collect was

very limited, I was fortunate in obtaining one leech very

heavily infected. In the intestine of this animal 1 found

numerous cysts, and also an enormous number of adult

gregarines mostly fixed to the gut-wall. A study of these

sections has revealed several phases of the first division of

the nucleus, though to elaborate all the stages is impossible

without further examples, which I hope shortly to procure.

In order, therefore, to make the most of this limited material,

I employed first hasmatoxylin (Delafield's) and eosin, and

then after decolorisation with acid alcohol, re-stained by

Heidenhain's method. This latter method revealed numerous

important facts quite indiscernible with the original staining.

My thanks are due to Dr. Pembrey, of Guy's Hospital, who

very kindly provided me with all the necessary apparatus for

staining.

For some time at any rate after a definite cyst-wall has

formed^ the nuclei of the encysted gregarines remain appa-

rently unaltered. Then the chromatin masses begin to frag-

ment, with the result that chromidia are formed within the

limits of the nuclear membrane. Simultaneously, this mem-

brane becomes increasingly thin, and the karyO«ome throws

out masses of substance from its interior, becoming in con-

sequence markedly reduced in size. These masses are more

or less spherical and of distinct outline; they stain very

deeply, showing black with iron-hasmatoxylin. Their number

and size vary greatly (figs. 9-14). At times one large mass

is present, almost equal in size to the original karyosome; at

others, numbers of small masses are seen. The actual process

of extrusion of one of these masses is shown in fig. 36. After

their extrusion, the main karyosome- relic shows a blue colour

with h^ematoxylin and eosin, as contrasted with the more

purple hue shown by the intact karyosome and the chromatin

masses of the trophozoite nucleus. The extruded masses on

the other hand behave throughout, as regards stains, like

the chromatin masses. After the frnsrmentation of the
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chromatin masses and the breakint^ up of the karyosome

have proceeded for some time, a new structure appears in

the nucleus. In close proximity to the main karyosome

I'esidue, Avhich is seen lying near the periphery of the nucleus,

an ill-defined mass appears "which takes up nuclear stains

very definitely. The earliest appearance of this mass is shown

in fig. 9 before the chromidia formation has progressed very

far. A slightly later stage is shown in figs. 10 and 11, where

the nuclear area presents a homogeneous appearance, without

any signs of the chromidial elements being discernible, while

the neighbourhood of the main karyosome residue is occupied

by a somewhat elongated mass, showing faint longitudinal

striation (fig. 11). The relative size of this mass, which I will

call the " achromatic mass,"^ is shown in figs. 9, 10, 11. It will

be noticed that the various products of the karyosome are in

close connection with it.

At this stage, the absence in my preparations of any

structures distinguishable as definite chromosomes or cen-

trosomes is to be emphasised. The achromatic mass stains

deeply with iron-haematoxylin, but yields to the differentiating

iron-alum before the karyosome and its products become

decolorised.

The next stage in the division represented is shown in figs.

12 and 13. The achromatic mass has increased in bulk and

definition, and has become more drawn out. The striation is

very marked, and for the first time in the course of the division

the true chromosome element appears. At each pole of the

achromatic mass, which is now distinguishable as a true

spindle, there is a small black mass of chromatin ; while

converging towards this mass, like the ribs of a basket, are

seen deeply stained streaks of g'ranules of chromatin, arranged

upon the spindle-fibres and obviously en route for the re-

spective poles of the figure. It may here, again, be seen

that the spindle stains very deeply with chromatin stains, and

1 I call this stnictiire the " achromatic mass "' because of its function

—as seen in its hiter development—and not on account of its staining

properties.
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it is only on very thorough differentiation that the chromo-

somes are rendered visible. The spindle fibres appear to

merge with the terminal chromatin mass. Distal to this there

is no true astral arrangement visible.

Each terminal chi-omatic aggregation now gives place to

a definite vesicular structure, situated at the poles of the

spindle and forming the centre of a definite astral radiation

(figs. 14 and 15). Simultaneously with the appearance of the

vesicle, the chromatin streaks and granules disappear from

the spindle, so that the more definite the terminal vesicle, the

fewer the chromosomes on the spindle. Fig. 12 shows a ring-

like arrangement of the terminal chromatin aggregation at

one pole of the spindle (a), while fig. 15 shows a true polar

vesicle containing definite granules of chromatin, in one

instance arranged indiscriminately around the circumference,

in the other accumulated at one point upon it. These vesicles

are the points upon which the very definite spindle-fibres

converge, and measure from l|-2j/.t acj-oss. In figs. 14 and

15 it will be noticed, firstly, that—apart from the granules

within the vesicles and the karyosome products—thei"e are

practically no other discrete chromatin elements to be seen
;

secondly, that some of the spindle-fibres plainly run down

into the midst of the nuclear area and the karyosome remnants,

where these latter are not already lying on the spindle. In fig.

15 will be seen, lying close to the large irregular karyosome

residue, a collection of deeply stained granules, which are

connected with the karyosome and with each other by deeply

stained strands. They have probably been recently thrown

out from the karyosome, which is much distorted from its

original spherical shape.

The latest stage of the first division represented among my
slides was unfortunately injured before anything more than a

rough drawing had been made of its structure (fig. 16). It

represented the spindle very much drawn out, just before the

final separation of the two daughter-nuclei. There was at

each pole a well-marked vesicle, containing numerous granules

of chromatin, and distal to this vesicle was a mass of achro-
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inatic substance, showing witliin it a granule of deeply

stained substance. The figure was very suggestive of the

state of affairs seen in fig. 18 a and I), with, however, a single

polar granule. The spai'sity of material unfortunately renders

a complete account of the first division-phenomena out of the

question. From a careful study of the slides at my disposal

I suggest the following as the more striking points, the

significance of which I shall revert to later on (see p. 278).

Firstly, the depth to which the spindle proper stains with

both Delafield's and Heidenhain's haematoxylin : secondly,
the proximity of the karyosome to the origin of the achro-

matic mass, and, later on, the very definite spindle-fibres

running dowji in among the karyosome remnants and the site

of the old nucleus : thirdly, the absence of regular chromo-

somes such as can at any stage be outlined or counted with

anything approaching certainty: fourtlily, the vesicles at

the poles of the latei- sp'indles, which form the centres of

definite astral figures. The nature of these vesicles it is

difficult to decide. Aie they centrosomes or incipient

daughter-nuclei ? As will be seen later, the daughter-nuclei

are strikingly vesicular ; and the fact that, if these vesicles

are considei-ed as centrosomes pure and simple, there aie no

other defined chromatic elements in the spindle figure, seems

to indicate their being early stages of the daughter-nuclei.

This being the case, the centrosome must be sought either in

one of the granules on the circumference of the vesicle, or

distal to the latter. On this point, though tempted to an

explanation, I dare not base a theory upon a drawing so

diaoframmatic as fio^. 16.

Proceeding to the further division of the daughter-nuclei,

all uncertainty about the centrosome vanishes. In the

earliest stages, where eight or nine nuclei are present in each

cyst (fig. 17 a, h, and c), the astral radiations are very marked,

and the centrosome consists of a deeply stained mass at the

periphery of the nuclear vesicle, from which emanate the

strise. These, where they spring from the centrosome, are

extremely obvious. In fig. 19 c and d, stained with ha3ma-
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toxylin and eosin, the centrosome is differentiated into a

faintly stained peripheral portion—the centrosphere—in the

centre of which is a black centriole ; this also shows in fig. 20

stained in the same manner.

In studying the various generations of daughter-nuclei

several interesting points demand attention. They present

an infinite variety as regards the arrangement of their

chromatin. Except when actually drawn out into a spindle

they are invariably vesicular in structure; and, in the great

majority of cases, in the earlier stages at any rate, they

contain a distinct karyosome. This is of interest in that in

l^jchmomera hispida, described by Schellack (17), where

the karyosome invariably appears in the daughter-nuclei,

its origin is referred to the unpaired chromosome of this

form, which chromosome thus has a function allotted to it.

In Sty lorhynchus, which also shows this phenomenon, there

is, however, no such unpaired chromosome (11). The fate of

these daughter-karyosomes in Metamera schubergi is not

certain. The corresponding spindle figures do not show any

traces of karyosome fragments in their neighbourhood. On
the other hand, in such stages as shown in figs. 19 c and d,

where the nucleus is on the point of elongating into a spiudle,

the karyosome seems to be extruding part of its substance.

IE this is so, the process is one of immediate and complete

solution, and not exactly parallel with the behaviour of the

adult karyosome. It must be clearly understood that, as the

iigures show, a karyosome cannot be always with certainty

identified in these daughter-nuclei. Thei^e are always present

masses of chromatic substance of varying sizes, and their

arrangement is at times such as to make the distinction

impossible. In the daughter spindle-figures, as with the first

division, there is again no definite chromosome formation.

The chromatic elements are sometimes discernible as streaks

and granules near the poles o£ the spindle ; sometimes the

deep black appearance of the spindle-fibres, alone present,

suggests that these latter may be conveying chron)atin in

very minute particles. A constant feature of these young
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spindles is a black mass of deeply staining matter at the

extreme poles. In some early spindles shown in fig. 18 a, the

earliest actual daughter spindle-stage to hand, this polar

mass is seen as two adjacent granules or centrioles lying in a

definite centrosphere showing radiations. In fig. 18 h these

two granules are connected by a deeply staining link. This

I interpret as the early division of the centrosome, occurring

almost before the daughter-nuclei, which in the figs. 18 a and h

are distinguishable as faint vesicles, are free from their parent

spindle. In this connection it is of interest to note that the

daughter-nuclei always appear provided with two centrosomes.

I have not been able to discover any with a solitary centro-

some. This is in keeping with the above suggestion as to

the early division of the centrosome in the history of each

daughter-nucleus. As the daughter-nuclei become smaller

their division-figures become less complicated, while the

chromatin becomes arranged as a single mass rather than as

separate particles. Some of the smallest spindles still show

occasionally distinct chromatin elements near their poles, but

the majority do not. There appear to be no definite astral

rays distal to the terminal mass of chromatic substance

(figs. 21 d, 23, and 24 h). Finally all traces of spindle-

formation disappear, and the nuclei are reduced to mere

masses of chromatin about 1 to 1'5 ^ in size. These are

arranged on the periphery of masses of protoplasm, after

the fashion of a typical so-called Perlenstadium, and the

protoplasm soon becomes mammillated round each nucleus

with the formation of gametes (fig. 25).

That part of the protoplasm which does not take part in

the formation of the gametes—the Restkorper—contains

a few nuclei which have not kept pace with the general

division (fig. 25 b). These laggard nuclei are present here and

there in all sections of the later daughter-divisions, and are

noticeable in that they are larger than their more numerous

companions. Similar nuclei have been noticed by Leger and

Duboscq in Hoplorhynchus (13). Scattered throughout

the later cysts are also seen a number of round clear bodies
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(fig-. 25 ft) stained very faintly with iron-hiematoxylin. They are

most obvious in cysts containing gametes or sporoblasts, and

have not been seen in the earlier cysts, at any rate in the same

form. Their size varies considerably, and they appear to be

products of the original karyosome which have lost most of

their staining properties, and which have become more obvious

owing to the splitting up of the protoplasm entailed in gamete

formation. The majority are rather too large to be referred to

the daughter-karyosomes. The main residue of the original

karyosome is often to be found, deeply stained, in these later

cysts.

The gametes are very like those described for Lankes-
teria ascidige by Siedlecki (18), and show no signs of sexual

differentiation (fig. 26). Considering the fact that there is

at no time in the history of the encysted animals any difference

in structure, and that the nuclear changes are practically co-

incident, this isogamous type of gamete is what one would

expect. Conjugation has not been observed in the living

animal, owing to my studies being interrupted by my departure

from Heidelberg. Fig. 27 shows, however, what is practically

certain to be a zygote. The gametes measure about 3^, and

are roughly circular in outline. Their nuclei consist of small

masses of chromatin with no definite vesicular structure.

The zygote measured over 4'5 n, and contained two distinct

nuclei. Several cysts were found containing sporoblasts,

(figs. 28 to 33). These are ovoid bodies measuring 6 /x by 4 //,

and containing large vesicular nuclei. These sporoblasts gradu-

ally acquire a spore coat, and grow in size somewhat during

the process (6g. 33), so that in a cyst of sporoblasts one or

two may be detected with the outline of a formed spore (fig.

34). The fully formed spore is shown in fig. 35. The nuclear

changes resulting in the formation of the sporozoites have not

been made out, nor did I obtain a view of a free sporozoite.

It was easily seen, however, in optical sections of the living

spores that eight sporozoites were arranged peripherally

around a granular mass of residual protoplasm. The spores

measure 9 /.t by 7 n, and are uavicelliform, provided at each

end with a little peg-like projection (fig. 35).
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Discussion of Somk Spkcial Points in the Life-Cycle.

In the description of the trophozoite mention has been

made of the traces of further segmentation shown occasionally

at the posterior end of the deutometrite in Metamera
schubergi. 'J'he presence of segmentation in some gre-

garines, apart fiom the three fundamental divisions of the

body, is a well-established fact, Leger (12) having described

a form, Tasniocy stis, where this phenomenon is so well

marked as to make the animal resemble a small cestode.

Porospora (13) also shows a segmentation, which, however,

appears to be somewhat different in nature, as the animal is

said to be capable of obliterating its segments merely by
stretching itself out during movement.

In Metamera schubergi the segmentation is always

confined to the posterior end of the deutomerite, and is not

constantly present. In their full development these posterior

septa appear in every way as definite as those of the anterior

part of the gregarine; but in some animals, on the contrary,

it requires the most careful focussing to demonstrate their

existence. I am unable to explain the significance of these

septa; whether they mark a certain period in the life-cycle or

whether they are due to some form of plasmolysis I cannot

say. IMiey are, however, sufficiently often present to form a

striking feature of this gregai'ine.

As regards the explanation of the phenomena shown in the

division of the nucleus, it is difficult to discover anything of

the nature of a precedent in the current description of this

stage. The vacuoles described by Cuenot (6), Prowazek (16),

and others, in close proximity to the sporout nucleus, or by
Siedlecki (18) within the latter, have not been seen in

Metamera schubergi. From the proximity of the com-

mencing- achromatic mass to the actively disintegrating

karyosome, I suggest that this latter body supplies material

—more or less, it is impossible to say—which will assist in

the formation of the two daughter-nuclei. Another point, to
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which attention has been frequently called, is the intense

staining" capacity shown by tlie achromatic mass, both at its

first appearance and later in the fully formed spindles. This

applies equally to Delafield's htematoxylin and to Heidenhain's

method, which latter is known to stain plastin-substance

darkly. Now the chromosome material, when first detected,

is seen as streaks lying on the spindle-fibres near the poles

;

or, when the fibres are seen in optical section, as a line of

contiguous granules (fig-^. 12 and 13). No preparation

showing an equatorial arrangement of the chromosomes w;is

obtained, although, of course, this does not prove the non-

existence of such a stage. Fig. 12 shows some of the

chromatin streaks directly continuous with the well-marked

terminal mass ; and it is thus possible that this mass repre-

sents a collection of chromatin which has been delivered by

the spindle-fibres. I suggest, therefore, that throughout the

division the spindle-fibres are carrying chromatin in a form

unrecognisable as discrete particles, until it undergoes con-

densation towards the poles of the figure. With the

appearance of the vesicles the chromatin elements disappear

ivoxn the spindle, leaving only the few scattered granules of

figs. 12 and 15. These vesicles would thus appear to have

been formed from the chromosomes of the earlier stages,

and supposing them to be indeed daughter-nuclei, it is

conceivable that they go on growing at the expense of

chromatic substance still uncondensed in the spindle-fibres,

until finally they become free as the first pair of daughter-

nuclei. This theory would account for the staining properties

of the spindle ; and the absence, at the earliest stage of the

division, of definite chromosomes.

As regards the origin of the chromatin of the daughter-

nuclei, there is nothing upon Avhicli to dogmatise. We have

the fragmentation of the original chromatin masses, which

proceeds until the resultant particles are indistinguishable,

and we have the breaking-up of the karyosome, both of

which might supply a source for the chromatin. That this

chromatin is being in some way drawn up on to the spindle
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from the debris of the old nucleus is obvious from figs. 14

and 15.

Siedlecki, in his work on the karyosome of Caryotropha

(19), reviewing the role played by this body in Coccidia,

points out that while in some types the karyosome plays a

purely vegetative part, in others it has definite responsibilities

regarding the reproductive functions. The latter appears to

be the case in Metamera schubergi. If, as I believe

to be the case, the daughter-nuclei reform their karyosomes,

may not these daughter-nuclei—which arc, after the upheaval

of the trophozoite nucleus during its first division, presumably

sexual in nature—throw some light on the functions of the

karyosome ? If the latter be purely vegetative in function,

why should it recur in the daughter-nuclei, which, with their

two centrosomes, are plainly not in a vegetative condition?

In the face of the facts it is certainly a reasonable sugges-

tion that the original karyosome consists of two elements at

least. The one of these is thrown out at the first division of

the nucleus, and is of no further use in the formation of the

daughter-nuclei; the other is of vital importance in the

propagation of the species, as realised in the sexual gametes.

In the daughter-karyosomes only one of these components

persists—i. e. that part essential to nuclear division; the

other part—for which, in the active reproductive processes

now proceeding no need remains—is not represented. Thus,

in the daughter-spindles no karyosome remnants are seen.

This is hardly the place for a discussion on the binuclearity

hypotheses, so ably deak with by Dobell (8), but the above-

mentioned differentiation of the karyosome constituents is

sufficiently suggestive. On the one hand, the vegetative and

reproductive elements of Goldschmidt's theory may be seen

in the original karyosome residue and the so-to-speak more

intense daughter-karyosome respectively. On the other hand,

one is equally justified in assuming that the karyosome

residue merely represents elements whose life is over and

whose functions are exhausted, while the perpetuated

remainder persists in the daughter-karyosomes, which are
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thus thoroughly equipped for their part in the ceremony of

division.

It will be noticed that, except in fio-. 15, where the vesicles

attain their maximum development, there is no true striation

shown distal to the polar aggregation; in other words,

although the spindle-fibres are throughout very distinct, the

centrosome element is not. This, again, suggests a bearing

on the oi-igin of the centrosome. On the one hand, as Dobell

(8) points out, we have a binucleate condition held as the

starting-point in the development of the centrosome; on the

other there are observers, such as R. Hertwig-, who believe

the centrosome to be a specialisation of the central spindle, so

that the spindle in the Protozoa is equivalent to centrosome +
spindle of the Metazoa. Without Avishing to claim originality

for the suggestion, I may say that the first division figures of

Metamera schubergi have all along pointed forcibly to a

most interesting lack of diffei^entiation and specialisation

between the various constituents. The chromatin is not

marked off in the form of distinct chromosomes, nor are the

centrosomes—assuming my interpretation of the figures to be

correct—distinguishable as such. The three elements, chro-

matin, spindle, and centrosome, act in concert in the formation

of the first two daughter-nuclei, and it is difficult to say where

one begins and the other ends. I suggest, therefore, that

the evidence afforded by Metamera schubergi tends to

support Siedlecki's view, expressed in connection with his

workon Caryotropha (8), that "we have inaprotozoan cell

but a single and simple nuclear apparatus before

us," and not a binuclear arrangement.

In conclusion, with reference to the apparent isogamy

shown by this gregarine, it will be noticed that we have

another apparent exception to what Leger (13) deems the

general rule in gregarines, i. e. anisogamy. In this connec-

tion the recent work of Brasil (4) and Hoffmann (10) on

Monocystis, which had previously been considered isoga-

mous, is interesting. The work of the latter emphasises the

futility of drawing conclusions from stained preparations.
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He showed tliat a very definite aniso^ainy was visible iu tlie

living cysts, wliicli, however, became much less marked in

the process of fixing and staining. This may be so in

Metamera schubergi, but, considering isogamy as the

more primitive condition, it is possible that this gregarine,

whose first spindle suggests a phase in the evolution of

karyokinesis, may also exhibit true isogamy.

T hope in the spring to renew my acquaintance with this

species, and to be able to complete its life-history.

Diagnosis of Metameka schubergi n.g., n.sp.

A cephaliue gregarine belonging to the faiuily Dactylo-

phoridfe (Leger).^ Ti-ophozoite ca. 150 /u by 45/<. Epimerite

subconical, with apex excentrically placed, and surrounded

by nuijierous branched, digitiform appendages. The deuto-

merite sometimes (not always) shows a secondary septation

into one to three segments in the i*egion posterior to the

nucleus. Conjugation isogamous, no sexual differentiation

being observable at any stage in the life-cycle. Cyst dehisc-

ing by simple rupture. Spores navicelliform, containing

eight sporozoites, and measuring 9 /i by 1 fx.

Hosts: Glossosiphonia complanata (Heidelberg and

Cambridge) and Hemiclepsis margin at a (Heidelberg).

Guy's Hospital,

London, S.E..

Fehinuiry, 1910.
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EXPLANATION OF PLATES 15 and ]G,

Illustrating Mr. H. Lyndhurst Duke's paper on " Some

Observations on a New Grregarine (Metamera scliu-

bergi nov. gen., nov. spec.)."

PLATE 15.

[Figs. 1 and li were dniAvn from living- animal. fi<^s. 3 and 4 from

preparations fixed with alcohol and acetic acid and stained with

Schuberg's modificaticm of Mayer's acid carmine. Figs. .5, fi. and 16

are diagramimitic. Figs. T-lS were fi.ved with Gilson's fluid and stained

with Heidenhain's iron-luematoxyliu. All tliese figures were drawn

with Zeiss oc. 6, obj. 2 mm. apochroniatic. Figs. 9, 10, 11. and 17, 18

are to scale at magnification of 2000. Figs. 12. l.'>. 14 are dniwn on

a slightly smaller scale.

J

Fig. 1.—Living sporont expressed tln-ough anus of leech.

Fig. 2.—Same sporont as Fig. 1, showing bubble-formation.

Fig. 3.—Cephalont with epimerite embedded in fragment of liost-

tissne.

Fig. 4.—Showing optical section of epimerite.

Fig. 5.—Diagram of structure of epimerite. etc.

Fig. 6.—Diagram of sporont with cuticular j^ad on epimerite.

Fig. 7.—Nucleus of trophozoite.

Fig. 8.—Nucleus showing fragmentation of chromatin masses and

exti'usion process of karyosonie.

Fig. 9.—^Sporont nxicleus showing earliest appearance of the " achro-

matic mass," with fragmentation of the karyosonie.

Figs. 10 and 11.—Successive sections of another nucleus showing

slightly later stage than fig. 9.

These three figures (9, 10 and 11) are drawn from same cyst.

Fig. 12.—First division of sporont nucleus showing at (o) the ring

arrangement l^eginning at the pole ; also the streaks of chromatin and

the spindle-fil)res in optical section. The two poles are respectively at

the extreme upper and lower focus. One of the chromatin streaks is

seen running into the polar aggregation.

Fig. 13.—An early cyst, containing two associated individuals, with

remains of epimerites seen at the centre. Nuclei at stage of fii-st

division. In upper animal the polar aggregation and the chi-omatiu

streaks are very marked. (Combined from two successive sections.)
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Fig. 14.—Fir.st division of the sporont nucleus at a somewhat later

stage than figs. 12 and 13. Shows polar vesicles more distinct. Also

the distinct fibres running down into neighbourhood of original nucleus

and karyosome.

Fig. 15.—First division of sporont nxicleus at a later stage than fig. 14.

Vesicles fully formed and fibres running down towards karyosome.

The vesicles here sho'svn were 6/t apart, lying respectively at top and

l)ottom focus.

Fig. 16.—Diagram of first spindle just before final separation of first

two daughter-nuclei.

Fig. 17, a, h and c.—Earliest stage of daughter-nuclei, eight or nine

in cyst.

a. Shows centrosomes connected by a thick band,

fe. Shows chromatin bunched as an early spindle figure.

c. Shows karyosome.

All from same cyst.

Fig. 18.—Somewhat later daughter-nuclei at end of division.

a. Shows two centrioles at each pole ; also one daughter-vesicle.

(The section has not passed through the left vesicle.)

h. Shows division of the centriole with poorly developed daughter-

vesicle. (The vesicle at the right end of the figure lies outside

the plane of this section, and is therefore not seen.)

c. Shows a separated daughter-vesicle.

All from same cyst.

PLATE 16.

[Figs. 21-34 and 36 were fixed with Gilson's fluid and stained with

Heidenhains iron-hsematoxylin. Figs. 19 and 20 were stained wifh

Delafield's hsematoxylin and eoein. Figs. 19-34 were drawn at

magnification of 2000. Fig. 35 is not to scale, being relatively too

large.]

Fig. 19 (a-e).—From same cyst. Somewhat later daughter-nuclei.

All show karyosomes. c and d show early stage of spindles, and the

karyosomes in a state of activity.

Fig. 20.—Showing differentiation of ceutrosome into centriole, and

centrosphere in a daughter-nucleus of same stage as fig. 19.

Fig. 21.—Similar daughter-nuclei showing karyosomes : also corre-

sponding spindle.

Figs. 22 and 23.—Later stages of daughter-nuclei, mostly showing

karyosomes ; also corresponding spindles.
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Fij^. 24.—Suialler daughter-nuclei and spindles.

Fig. 25.—Shows the Perlenstadium, with a single free gamete.

Notice the clear karyosome remnants (a), and the residual nuclei (6).

Fig. 26.—Gametes.

Fig. 27.—A zygote with two unfused nuclei.

Figs. 28-32.— Si^oro blasts. Figs. 29 and 31 show these in transverse

section.

Fig. 33.—Shows a s^joroblast assuming shape of spore.

Fig. 34.—Shows a spore coat in process of developing.

Fig. 35.—Fully formed spore, with sporozoites in optical section.

Fig. 36.—Shows the karyosome in the act of extruding some of it»

substance.

Fig. 37.—Diagram to show method of apposition of associating

sporonts in a cyst.





'y^y

,\v :••:!

1.

2.

7.

i
^.

8.

'/'h'

.^^

o

10.

>^

18 c.

18b.



£Louri. c$ou.rm..J[ayrf&u.. lU. 65.MM:I5.

18a..

12. 17t.

16
17c.

17 a..

Biil.li.Litli' LaeJon





RcuiH. Skc^v-JUt: &i. lU. 55.FJM.W.

^ ^

^^'
^

23.

22
24.

26

26.

27.

i
36.

21.

20.

37.

28. 29. 30.
31.

1^

32 33. 3 4-. 35,





ON THE ANATOMY OF HISTIUOBDELLA HOMAIU. 287

On the Anatomy of Histriobdella Homari/

By

Cresswell, Shearer, M.A.,

Trinity College, Cambridge.

With Plates 17-20 and 5 Text-figures.

Contents.

1. Introduction, Material, and Methods

2. Review of Literature and Remarks on Habits

3. Description of the Nephridia .

A. First Nephridium

B. Second Nephridium

c. Third Nephridium

D. Fourth Nephridium

4. Body-cavity and Nephridia

5. Muscular System

A. Longitudinal Muscles

B. Special Muscles of the Generative Segment

c. Oblique Muscles

6. Digestive System

7. Nervous System . .

8. Sense-Organs

9. Reproductive System

A. In the Male

B. In the Female . . .

10. Conclusion and Summary

PAGE
288

291

300

303

303

304

304

305

308

308

309

311

314

321

327

328

328

334

346

^ I have to thank the Director and members of the stafB of the Marine

Biological Association of Plymouth for their kind attention and interest

in my work while at Plymouth.



288 CRESSAVP]LL SHEARER.

1. Introduction, Matkiual, and Methods.

Our knowledge of the anatomy of Histriobdel 1 a is based

on the papers of Van Beneden (1858), Foettinger (1884), and

Haswell (1900). Of these, Foettinger's account is the most

extensive, while Haswell's paper is perhaps the most valuable.

Both accounts contain a more or less detailed description of

the internal structure and organisation of the adult. Several

years ago I described the presence of solenocytes in con-

nection with the nephridia of Dinophilus. This dis-

covery rendered it probable that these peculiar structures

would also be found in Histriobdella, with which

Dinophilus shows many relationships. Moreover, the

different description of the nephridial system given by

Haswell in Stratiodrilus from that of Foettinger for

Histriobdella called for a re-investigation of these organs.

For these reasons the present work was begun. I was soon

led to undertake a detailed examination of the animal. It is

some twenty-five years since the publication of Foettinger's

paper, and during this interval the European species of

Histriobdella has received no further attention. In the

following account I have endeavoured to clear up Foettinger's

description of several of the organs. I have had the advan-

tage of having made use of the methyl-blue method of intra

vitam impregnation, which has proved most valuable. With

its use I have experienced no difficulty in determining the

number of the nephridia and their relationship to the segments,

and to make out new details in their structure quite impos-

sible from ordinary sections of fixed material.

Good methyl-blue^ preparations of the nephridia can be

obtained by placing the lobsters bearing the parasites in small

tanks of sea-water, to which sufficient blue has been added to

colour the water a light shade. It is necessary for the

animals to remain in the blue two or three days before it

appears in the nephridia. As the blue is rapidly absorbed

by the living tissues of the lobster, an additional quantity has

' This is " soluble blue," and not methylene blue.
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to be added to the water from time to time. Witli good air-

circulation and a little attentioii, a medium-sized lobster can

be kept alive for several weeks in a tank of four or five litres

capacity without change of water.

At the end of the second day the blue will have collected

in dark granules on the walls of the iiephridial canalsj so as

to outline these clearly. By this time it has been discharged

from the nervous system and the sensory cells of the

epidermis. About the bases of the legs of the head it shows

a tendency to remain some time after it has disappeared from

the brain. It is retained alone by the nephridia on the third

day. Here it collects in dense masses on the courses and

openings of the canals.

In the study of these methyl-blue preparations I have

made use of long, thin cover-slips, such as are used in pre-

paring large serial sections instead of ordinary slides, on

which to mount my preparations. The use of a thin cover- j

slip used as a slide allows of the propai-ation being examined

from each surface, as desired, under an oil-immersion lens.

It is thus possible to trace a nephridium first on one side of

the preparation, and then turn the slide over and trace it

further on the other surface.

Histriobdella is a somewhat difficult animal to fix. The

only reagent that has given uniform results is a saturated

sublimate solution, with 5 per cent, acetic, used boiling hot.

Hermann's solution and Flemming and the osmic acid

mixtures give very irregular results, and are not to be

depended on for their action. One lot of material will be

excellent, while the next, fixed with the same solutions and

under the same conditions, are useless. Picro-acetic and

Bouin's solutions, used hot, give good results, but not as good

as material fixed with sublimate-acetic. Picro-sulphuric was

used for preparations to be studied whole, on account of the

excellent preservation it gives of the external form. As
stains, the following have given satisfaction : Heemacalcium

and Benda's iron-htematoxylin, paracarmine, lithium-carmine

followed by Lyon's blue for eggs.
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The nephridial canals are remarkably difficult to recognise

in sections on account of the retraction they invariably

undergo during fixing. It is impossible to trace them with

any degree of certainty through consecutive sections. For

this reason I have relied mainly in rny investigation of the

nephridia on methyl-blue impregnation preparations of living

material. The figures accompanying the present paper there-

fore represent the appearance of the nephridia in living

material. It is necessary to use the highest powers of the

microscope to determine the structure of the nephridia, and

even then the eye requires considerable practice and training

to distinguish the motion of their cilia. It is difficult to

convey any idea of the extreme delicacy and minuteness of

these structures. The necessity of being compelled to use

immersion-lenses for their study excludes the use of any of

the ordinary dark ground systems of illumination. Doubtless

these would offer an excellent means of investigating struc-

tures of this nature in an animal so transparent as His-

triobdella, if they could be used successfully with the

immersion-lens.

Of great service in the study of the methyl-blue pre-

parations is, I have found, the use of a number of sodium

glass screens of different shades, such as are used in ortho-

chromatic photography to vary the exposure from five to

fifteen times.

To obtain a uniformly constant light I have used an

ordinary Welsbacli gas lamp, with standard screens. This

gives a light much superior. to that of ordinary daylight

in bringing out the finer structure of the nephridial canals.

For sections I have used the ordinary paraffin and the

paraffin celloidin method. The sections were cut of the

uniform thickness of 7 /u. In the reconstructions of the nervous

system shown in figures I have used a method which is in

part a modification ^ of that described by Woodworth (' Zeit.

f. wiss. Mik.,' xiv, 1897, p. 15). Each section, of which there

' This I owe to my friend. Mr. E. W. Nelson, of the Murine Biological

Association, Plymoutli.
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were about eighty, was first outlined on paper with the aid of

a camera lucida, and the nervous system carefully marked

in. Each of these drawings was then measured transversely

from side to side, and the measurements plotted out on milli-

metre paper, allowance being made for the magnification

between sections. The nervous system was also measured,

and likewise put in, all the distances being doubled to give

an axial line. The ends of the plotted points were then joined

up, and an outline of the external form and the nervous

system obtained. The figures Were then reduced to their

present size, and at the same time transferred to ordinary

drawing-paper by means of an eidograph. In the sagittal

section shown ia fig. 15 the dorso-ventral diameter was taken

instead of the transverse. By this means the relationship of

the ganglia to the segments can be accurately determined in

a way that would be impossible with the ordinary recon-

struction methods (figs. 15, 21, 28).

. 2. Historical Review and General Eemarks on Habits,

ETC.

Histriobdella was discovered and briefly described by

J. P. van Beneden (1) in 1853. He found it as a parasite on

the eggs of some lobsters obtained from Ostend. He con-

sidered it a larval Serpulid, and placed it among the Poly-

chseta3. Subsequently, in 1858, he (2) pointed out that it was

an adult form. From its peculiar structure he remarked that

it could not be easily classed with any known group of animals,

although some of its features he thought were such as to

place it among the leeches. He gave a more or less detailed

description of both sexes, and figured the eggs and immature

young.

To Foettinger (8) we owe the most extensive account of this

animal. He describes the nervous system, nephridia, repro-

ductive organs, and, in fact, was the first to give a detailed

account of its anatomy based on sections. He supported the

conclusions of Edouard van Beneden that it was an Archi-

annelid, placing it near Polygordius, but separate from it.
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ia tlie family Histriodrilides. In his opinion many of: its

characters show its inferiority in organisation to Proto-
drilus. Among these the absence of any trace of the

circulatory system, the feeble internal segmentation, marked

by the complete absence of dissepiments and the small number
of segments. On the other hand, the presence of well-

developed ganglia points towards a higher organisation than

that possessed by any known Archiannelid. Again, the com-

plicated sexual apparatus of the male is different from any-

thing at present found in this class. The presence also of

chitinous jav/s with striated muscles and the anterior and

posterior feet he considered as distinguishing it as a type

superior to Polygordius.

More recently Haswell (13) has obtained, as already men-

tioned, a freshwater species from the branchial chamber of a

Tasmanian crawfish. In the possession of cirri it differs

externally slightly from Histriobdella. Haswell pointed

out, among other new features, that the lateral organs which

Foettinger considered penes are in reality organs that func-

tion as claspers, while the penis, as in Dinophilus, is a

median unpaired structure. While Foettinger described the

seminal vesicles he was unable to trace their ducts to a common
receptaculum as Haswell has done in Stratiodrilus. The

nervous s^'stem of Stratiodrilus seems to be different how-

ever from that of Histriobdella, in being more highly

differentiated. In Histriobdella the ventral nerve-cord is

still in complete continuity with the epidermal layer, while

in Stratiodrilus it is situated much deeper. This difference

may be in great part due to the close union of the epidermal

and sub-epidermal tissues in contrast to those of Stratio-

drilus. A more important difference is the separation shown

by the two component halves of the ventral nerve-cord in

Histriobdella, and the somewhat different position and

number of the ganglia.

The greatest difference, however, is shown in the excretory

system. It is impossible to reduce this to a common type.

In Stratiodrilus the crossing and branching of the canals
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in the anterior region, and their course in some instances

through more than one segment, seems to preclude any com-

parison with Histriobdella.^ Again, in Stratiodrilus

the interior feet are retractile, and can be completely drawn

into the head. This is not the case in Histriobdella,

where the distal joint alone is retractile. The main mass ot

the foot is incapable of retraction, even under the action of

strong reagents. 'ii

Histriobdella was found by van Beneden and Foettinger

on the eggs of the European lobster, and was considered by

them a parasite on these alone. It is, however, like Stratio-

drilus, noi-mally an inhabitant of the branchial chamber and

gills. It passes to the eggs of the female from the gill-

chamber when these happen to be present,- returning to the

same situation when the eggs are hatched and the egg-mem-

branes shed. In the branchial chamber it is quite diflBcult

to detect at first, on account of its almost colourless condition

and the fact that in this situation it does not show the excitable

movements exhibited while on the eggs, but crawls slowly,

keeping close to the mucous membrane. Examination of the

branchial surface of the carapace, however, once the eye has

become accustomed to distinguishing them, seldom fails to

show their presence in this situation in either of the sexes.

They prefer the carapace to the gill surface, as it affords

a better footing, and the long hairs under which they

move prevent their being i-eadily brushed off. To the bases

of these they attach their eggs in great numbers, especially

towards the margin of the carapace, where the hairs are long

and numerous. Comparison of the parasites from the " berry "

with those from the chainber shows no difference between

them, except that the jaws of the parasites from the chamber

1 Professor Haswell informs me that since the publication of his

account of Stratiodrilus he has re-examined the nephridia and has

re-confirmed his statements regarding them.
- According to Herrick this takes place once in two years. " The

Reproductive Period in the Lobster," ' Bull, of U.S. Fish Commission,'

vol. xxi, 1901, p. 161.
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seem a little better developed than those of the " berry/'

The parasites are evidently able to migrate rapidly from one

situation to the other. On female lobsters whose eggs are

about to hatch, many of them have already migrated to the

gill-chamber. A certain number, however, are always to be

found on tlie old egg-membranes, although the ng^^ have
been hatched and the membranes are much discoloured with

age, showing that the breeding period had passed some time.

I have taken females in this condition, and placed them in

tanks with air circulation and kept them under observation.

In the course of several weeks the membranes drop o&', but

no parasites are found about the tank, showing that they have

all taken refuge in the gill-chamber. In the gill-chamber and
on the eggs both sexes are present in equal numbers. When
the lobster ova are well advanced and about to hatch, the

male Histriobdellid would seem to preponderate over

the female. On the ova the immature young are found in

greater numbers than in the gill-chamber.

Frequently a large female can be seen carrying a male

attached to its back by means of its claspers. These would
seem to throw out some sticky secretion, for once the male
has taken hold of the female it is unable readily to let go, and
gets carried about by the female although it makes violent

efforts to free itself.

In the gill-chambei-, as on the eggs, the parasites show the

same tendency to collect in small groups, huddling close

together and ci-awling over and over one another. When
disturbed they separate, to re-collect shortly in another group.

Why they do this is not obvious, as the individuals are some-

times all males or immature young, in which the sexual organs

have not yet developed. This habit of collecting in groups

therefore can hardly be for the purpose of the impregnation

of the fenjales.

I have examined a considerable number of "berried"
crabs and rock lobsters, both at l^ljmouth and Naples,

without finding Histriobdella. They Avould seem to be

exclusively confined to the lobster.
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Nothing is known regarding geographical distribution

beyond the fact that Histriobdella is common on the

lobster of the Channel region. J. P. van Beneden (2), as

already mentioned, obtained it at Ostend. He also states in

his second paper that he had observed it on the lobster of the

Norwegian coast. I have been unable to find it on the

lobster at Naples. My observations were, however, limited

by the rarity of this animal in the Bay of Naples. I

only had the opportunity of examining a few adults. So

far it has not been reported as occurring on the American

lobster.^ It is remarkable that an animal of such peculiar

structure should be represented in Europe by a single species,

while its nearest ally should be found in fresh-water streams

of Tasmania.

Little is also known of its life-history and habits. If a

small mass of lobster ova with the parasites is placed in a

watch-glass of sea-water, it will be noticed that they never

crawl on any foreign body brought in contact with them.

When left to themselves they collect in groups, twisting their

bodies together, and remaining quiet for long periods. On
being disturbed they show singular excitement, twisting

themselves violently and throwing their heads rapidly from

side to side, all the time remaining firmly attached by their

powerful hind legs. From time to time they can be seen to

bite one another with their strong jaws.

While the pai-asite can be obtained from the branchial

chamber or "berry" of almost any lobster on the coast of

England, the manner in which it gains access and passes

from one host to another has not been determined. Like

most parasites, it has limited powers of locomotion, being

unable to swim, and crawling very slowly. It has no larval

stage that might assist in its distribution. The eggs are

attached in capsules to the lobster ova, and the young
undergo their entire development within this capsule, emerg-

ing in almost the adult condition. There can be no larval

' Professor Hen'ick informs me that lie lias never found it on the

American lobster.
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stage during which it can live, either internally or externally,

on some other host.

The parasites are able, however, to pass from one host to

another without apparent difficulty. This can be readily

demonstrated by placing a lobster in a solution of neutral

rose in sea-water until the parasites it bears are stained, and

then placing it in company with a number of normal unstained

lobsters. In the course of a day many of the stained parasites

will be found to have gained access to the normal lobsters,

while many unstained parasites will be found on the stained

lobster. This takes place readily in large tanks where the

animals have room to keep well apart. How this passage is

accomplished under these conditions I have been unable to

observe, as the fenuile lobster is very shy when " in berry,"

and unsociable, strictly avoiding its mates and companions.

Both Foettinger and Haswell have drawn attention to the

remarkable chitinous jaws with which Histriobdella is

furnished. Haswell has made a careful study of these in

8tratiodrilus, and has shown how the movements of the

component parts of the mechanism are brought about. In

Histriobdella the jaws are almost identical, as far as I can

determine, with those of Stratiodriius. Foettinger repre-

sents them as furnished with many more teeth than I can find

to be the case. Their use is not known, as neither Foettinger

nor Haswell have made any observations on this head.

Unfortunately the intestinal contents are reduced to such a

fine amorphous condition as to afford no evidence as to the

animal's food. It is probable that the parasites feed on

small algfe to a certain extent, as the intestinal contents

are usually of a greenish tint. Diatoms occasionally are

present, and in some instances would seem to compose the

greater portion of the food. This is so in the case of the

parasites living on the " berry." In the parasites of the

gill-chamber they seem absent, and the intestinal contents

consist of a fine brownish mass, among which reddish granules

are seen. It is certain that the jaws are not used for tearing

the membranes of the lobster's ova as has been supposed.
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When the animals are excited they have a rapid way of

opening and closing the jaw teeth, but they are never seen

to use them to tear open the lobster ova. When suddenly

disturbed they sometimes secure themselves by means of

their jaws to the egg membranes. They possess the power

of protruding the jaw apparatus considerably beyond the

mouth orifice, and in crawling they are sometimes seen to

seize some object in front of them by protruding their jaws

in this manner, after the fashion of many Polychgets.

Histriobdella is remarkably sensitive to any changes in

the sea-water. The circulation of water through the branchial

chamber of the lobster insures their receiving a continual

change of water under normal conditions. Likewise, on the

" berry '^ the water is kept in constant circulation round them

by the ceaseless motion of the lobster's swimmerets. With
any slight impurity of the water they fall off their hosts, and

are found on the bottom . of the tank in a half pai'alysed

condition. They are quickly killed by the addition of small

quantities of fresh water, and die very readily when exposed

to bright light. This is of interest when it is recalled that

Stratiodrilus is found in fresh water.

Fertilisation takes place internally. The male drives its

penis through any portion of the body-wall of the female. In

one instance I saw a male drive its penis into the head and

discharge a considei-able quantity of spermatozoa. These could

be seen under the microscope working their way down into the

generative segment. In many cases the males fertilise young
females without eggs, and the spermatozoa apparently remain

in the body till the ova develop. Many females can be

observed carrying spermatozoa but no eggs.

The female exercises apparently little choice in the selec-

tion of a site in which to deposit her eggs. On the " berry '^

these are usually attached to the membranes of the lobster

ova, while in the branchial chamber the carapace side is the

one selected. They are usually deposited in gioups of four or

five, and this would indicate that these are all deposited at one

time by the female. The eggs are all of one size, and it is
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impossible to distinguish the sex of the immature young
They develop at once on being laid, showing that they have

already been fertilised within the body. Even when the

female is isolated in pasteurised sea-water the eggs develop

immediately on being deposited ; no sperm can therefore

fertilise them in the sea-water.

The egg-laying is done at night, as every morning fresh

capsules are to be seen adherent to the coatings of the lobster

" berr}'," The eggs within these are always in segmentation

or gastrulation stages. They are laid in great numbers, so

that it is easily possible to obtain all the stages of develop-

ment up to the time the young worm leaves the capsule.

Development is direct and would seem to be rapid, for by the

end of the fortieth hour the young are fully formed and

appear ready to quit the capsule. On leaving this they move
about the gill-chamber or pass immediately to the lobster ova,

where they soon attain maturity. They are readily distin-

guishable at this time by their small size and the undeveloped

condition of the generative segment. The young of both

sexes resemble the female in shape. Van Beneden (2) has

figured a number of the young stages, and Haswell (13)

mentions that he has obtained a number of the stages in the

development of Stratiodrilus.

Eegarding the nephridia, Foettinger (8) stated that in the

male there were five pairs of these organs, while in the female

there were four. Each nephridium consisted of an intra-

cellular tube running backwards on the border of the longi-

tudinal muscle-strands. They turn in sharply towards the

median line, to terminate ventrally, on the surface of the

succeeding segment to that in which they arise, in a small

pore. He could observe no internal openings or funnels.

Their heads at their point of origin are on the dorsal surface;

since they terminate on the ventral surface they run back-

wards in an oblique plane between the dorsal and ventral

muscle-bands. The first pair arise in the neck segment close

to the head, and run backwards to terminate on the ventral

surface of the second segment. The second pair arise in the
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posterior portion of this segment, and terminate in a similar

manner in the third segment. The third pair arise in the

third segment to terminate in the fourth. In tlie female the

third and fourth pairs overlap, while in the male the fourth

pair arises much farther back between the posterior portion

of the fourth and the anterior border of the fifth segment.

In Stratiodril us, on the contrary, according to Haswell,

the nephridial system would seem to extend into the head

region. Each nephridium at its anterior end divides into an

external and an internal branch. The external branch runs

forward into the head, while the internal crosses over to join

the internal branch of the opposite side. From the fact that

the motion of the cilia of this pair of organs is always from

behind forward, their openings are probably in the head.

The other nephridia are not branched. " In the female an

apparently continuous line of cilia is traceable backwards on

each side from the head canals to a point some little distance

behind the second cirrus, where a canal is clearly traceable,

which, after bending round in a loop, opens on the exterior

on the ventral side. But as the direction of the movement of

the cilia is from before backwards in the posterior part of this

line, it would appear probable that there are two pairs of

canals in this anterior region in the female. In the male, on

the other hand, there is no such evidence of division, the pair

of nephridia which branch in the head being traceable back-

wards, without change in the dii-ection of the cilia, nearly as

far as the bases of the second cirri, at which point they bend

in and terminate in the coelom in the middle line." In the

fourth segment, according to Haswell, it is probable that the

oviducts represent the nephridia, while in the male they are

represented by the vasa deferentia. In both sexes, in the

fifth segment there is a pair of organs (beginning in a loop in

the male) which run back in the caudal region to terminate

near the anus. The direction of the movement of the cilia in

these oi'gans is from behind forwards. Thus, in the male

there are three pairs of organs, while in the female there are

four ; so that the nephridia do not partake of the metamerism
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of the body, Stratiodril us having the same number of

segments as Histriobdella. In no part of the canals were

ciliary flames observed.

3. General Description op the Nkphhidia.

From the inspection of figs. 1, 7, and 9, it will be seen that

the nephridia have much the same positions as those assigned

them by Foettinger (8). Apparently in the male the fourth

pair, figured by him in the genital region, have no existence.

Like the female, the male has only four pairs of organs. It

will be seen that they are the narrow, delicate, S- shaped

structures he has described (figs. 4, 5, 6, 10, 14), running in

the mesodermic tissue of the body-wall. Their position in

sections can be seen in figs. 37 and 43. Each organ takes its

origin in a small space—a prolongation or part of the

general blastocojlic cavity that surrounds the gut—in the

anterior portion of the segment to which it properly belongs,

and runs back to terminate on the ventral surface of the

following segment near the median line. It ai-ises in a knob-

like process that projects slightly into the space. This

process is thick-walled, and sometimes contains refractive

granules. It is shown in fig. 14. Its structure is difficult to

determine, and especially the relationship it bears to the

space. What I take to be the real head of the organ is

shown in section in fig. 42. Here the space into which it

projects is surrounded by darkly staining nuclei. These ai"e

not seen in the living condition. It bears no cells that have

any resemblance to solenocytes, and these structui'es would

seem to be entirely absent in Histriobdella. In a number

of preparations it was obvious that the internal ends of the

canals were closed, and that they did not open into the space

into which they project.

The main portion of the nephridial canal is a thin-walled

intra-cellular tube, the anterior end of which contains a few

refractive granules and nuclei. It runs directly backwards

in an oblique plane^ and is much longer than the terminal
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portion. It reaches its greatest length in the case of the

second nephridium (fig. 14). Frequently the lumen can be

seen to be enlarged into small spaces or lacunae. These would

seem similar to the spaces I have described on the nephridial

canals of Dinophilus. A number of these are usually seen

on the course of the second organ (fig. 6). One large one is-

often found on the posterior part of the third. From the

terminal portion of the canal they seem to be absent. The
nephridial flagella pass through their centre while their walls

themselves are unciliated. It is possible they are due to the

somewhat abnorma,! conditions under which the parasites are

kept in the process of their impi-egnation with methyl-blue^

as I have never been able to observe their presence in the

unstained living Histriobdellay although something like

their appearance can be detected in sections.

The terminal portion of the nephridial canal turns towards

the median line, close to which it ends in a darkly staining

pore (fig. 14). About this the blue usually collects in thick

granules^ which can sometimes be seen vibrating to and fro

in the fluid escaping from the canal. The lumen of this-

terminal portion is greatly restricted in size.

Throughout the length of the nephridial canal the ciliary

action of the flagella in their interior can be plainly observed

during life. The movement of this is ahvays in the one

direction—from before backwai'ds—and I have never observed

any reversal of this motion as Haswell has described in

Stratiodriius. Despite numerous observations, I have

been unable to detei-mine whether the flagella are derived

from the walls of the canal or from the knob-like head of the

organ. In some preparations they seemed derived from the

wall, in others they seemed derived from the nephridial

heads. In sections they would seem to be derived from the

walls.

In no case can the canals be seen dividing, as Haswell has

desci'ibed in the case of the first pair in the male of

Stratiodriius. I am quite positive in saying no su€h

division takes place in Histriobdella. They run through

VCL. 55, PART 2.—NEW SERIES. 20



302 CRESSWELL SHEARER.

only one segment, in every case terminatii)g' in the next

segment to that in which they arise in the manner similar to

the nephridia in Annelids.

In both sexes the first three pairs of nephridia hold the

same position, but the fourth varies according to sex. In

the male it is situated much farther back—at the junction of

the generative with that of the following segment, while in

the female it is much more forward—in the anterior portion

of this segment. In the female the third and fourth pairs

overlap and cross one another in different planes.

The most posterior nephridium in Stratiodril us is in

that segment that would correspond to the fifth in Histrio-

b del la. In neither of the sexes are organs found in this

region in Histriobdella.

Foettinger, in figuring a pair of nephridia in the region of

the penis, evidently mistook the motion of the cilia in the vas

deferens, or the slit in the vesiculae, for the ciliary motion

of excretory organs. The slit in the vesiculas was first

described by Haswell in Stratiodrilus, and as such was

evidently overlooked by Foettinger. They are even better

developed in Histriobdella than in Stratiodrilus. They

are edged with very stout cilia, that could i-eadily be mistaken

for nephridial flagella. With methyl-blue it is easy to

determine, however, that no excretory organs exist at this

point in Histriobdella.

In Histriobdella, unlike Stratiodrilus, the nephridia

partake to some extent of the metamerism of the body. In

the third and fourth segments this is masked in the male by

th^ great, development of the reproductive organs. In the

case of the nephridia there has resulted a pushing forward in

the female of the fourth organ, while in the male this has

been reduced in size and moved backwards. [

Unlike Dinophilus, we do not find the sharp specialisation

of the different parts of the nephridial canal into a thick-

walled anterior excretory portion and a thin-walled posterior

part. It is more uniform throughout in structure.
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A. The First Nepliridium (figs. 1, 1, 9, 37, and 42).

The first iiephridium arises in the segment immediately

behind the head, and opens on the exterior in the second

segment. The head of the organ 1 have never been able to

see plainly in the living condition, as it is hidden by the

muscle-bands. These are always undergoing contraction

•during life ; the lumen of the canal in its anterior portion is

continually compressed, and thus the action of its cilia

rendered very intermittent. The head of the organ at its

point of origin is very close under the epidermis; in one

case seeming t-o be almost under the limiting membrane of

the epidermis. In section the head of the organ appears as

shown in fig. 42, which is taken in a horizontal plane in the

dorsal region of the first segment. The space into which the

nephridial head projects is shown surrounded by a number

of darkly staining nuclei. The canal with its flagella is

shown cut in section in the body-cavity. The actual projec-

tion of the head into the space is not seen in this section.

The neck segment is very clear, and were the canal pro-

longed into the head, as in Stratiodrilus, it could easily be

seen at this point passing into the head. As this can never

be done, it is apparent that the organ takes its origin in the

neck segment and is not prolonged into the head. It is also

•certain that it does not divide and send a branch to join one

from the opposite side, as in Stratiodrilus. Throughout

its course it is a simple, unbranched, intra-cellular tube, being

in the same position in both sexes.

B. The Second Nepliridium (figs. 1, 6, 7,9, 14, and 37).

The second nepliridium arises in the anterior portion of the

second sesfment, and runs back to terminate in the anterior

part of the third. It is much the longest, being twice the

length of the first. Its course is straight backwards along the

border of the muscle-bands. The action of its cilia is much
more constant than that of the others, and for this reason it
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is the one most readily observed. Tlie main portion of its^

canal is slender and tliin-walled. The general course o£ the^

organ is shown in figs. 1, G, 7, 9, 14, and 37. It will be seen

from these figures that Foettinger observed the organ only

at the point where it passes from the second to tlie third

segment, and tiiat he was unaware of its considerable exten-

sion into the anterior region of the second segment. In the

female the segments through which it stretches are somewhat

more compressed, and for this reason it appears in the female-

shorter than in the male.

c. The Third Nephridium (figs. 1, 3, 4, 10, and 13).

The third nophridium has much the same position in both

sexes. It arises in the anterior part of the third segment and

runs back to bend outwards in the male and slightly in-

wards in the female, and terminates in the anterior part of the

generative region. AMien the body is retracted it overlaps

the posterior third of the second. The head, of the organ, as

already mentioned, at its point of origin is in the normal con-

dition on a level with the opening of the second. It is situated

close under the epidermis, as in the case of the first nephridium,

and on the dorsal surface. It runs backwards, and about the

middle of its course makes a sharp turn ventralwards (fig. 5).

In the female it overlaps considerably the fourth, its openings

on the exterior being internal to the course of this organ.

While in the male it makes only one turn outwards, in the

female it is S-shaped, the terminal portion running inwards

(fig. 3).

D. The Fourth Nephridium (figs. 1, 3, 10, and 13).

In the male the fourth nephridium arises in the posterior

part of the generative segment in the region immediately

behind the clasper. It runs backwards and terminates in the

anterior part of the caudal segment. Its course is short and

somewhat difficult to observe. It is much the smallest of all
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the nepliridia, and its action more feeble than that of the

others, as the motion of its Hagella is the first to stop when

the animal is compressed under a cover-slip. It, however,

•assumes a much darker colour on impi-egnation with methyl-

blue than do the other nephridia, and for this reason seems to

play a considerable part in the excretion of waste products.

Its position in the male has been correctly indicated by

Foetting-er, who remarks that no organ is to be found in

this position in the female.

Unlike Strati odrilus, the organ does not begin in a loop

•or run back so far in the tail region, but opens on the exterior

just over the line of separation between the generative and

the caudal segments (fig. 12).

4. Body-Cavity and Nephridia.

As in Dinophilus, there is an extensive blastocoelic cavity

surrounding the gut, which sends prolongations into the head

region, and also into the anterior and posterior feet. It has

been described by Foettinger as lined by a more or less

definite coelomic epithelium. I cannot find that this is strictly

the case. The gut surface of the cavity is covered by a

delicate cuticle, in which at rare intervals are seen small

flat nuclei. It is difficult to say if this membrane is a definite

structure or a mere secretion from the blastocoelic ends of

the cells of the gut-wall. The soraatopleuric side of the cavity

is not lined by any such membrane. The longitudinal muscles,

as in Stratiodrilus, are surrounded by a similar delicate

cuticle, but no nuclei are to be seen in it as in the gut

membrane. I believe in neither of these cases can this

membrane be considered a true peritoneal or ccfilomic epithe-

lium. No mesenteries are present, nor can I observe the

fusion of the gut to the dorsal ectoderm as mentioned by

Foettinger. The gut is more or less closely applied to the.

dorsal Avail, but I cannot find that any true fusion takes

place.

In the head the blastocoelic space sends prolongations into
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the feet, and forward on the under side of the brain. It is

more or less separated from the cavity of the trunk by the

neck muscles and the narrow constricted condition of this

region. Its extension into the posterior feet is in free

communication with the trunk, so that in living- preparations

the eggs in the female can sometimes be forced into the leg

portion of the cavity V)y slight compression of the cover-

glass. 'J^liey slip back, however, to the main blastoccelic

space surrounding the gut when this pressure is removed.

The wliole of the blastocoelic cavity is very irregular in out-

line, and is divided, as has been described, in the trunk

region by the oblique muscle strands into two lateral

chambers.

In evei'y respect it corresponds with the same cavity sur-

rounding the gut in Dinophilus. There is this difference,

however, that the numerous brown granules seen in it in

Dinophilus are wanting in Histriobdella, although

Histriobdella, like Dinophilus, has no specialised vascular

system. It is sharply divided from the sac of the ovary,

there being no communication between the two. When the

ova are forced into the blastocoelic space of the hind limbs

the sac of the ovary is either pushed with them, or is definitely

ruptured, and the ova pass directly into the blastocoele. Both

at the anterior and posterior regions tlie wall of the ovary is

considerably thickened where it crosses the blastocoelic space

between the body-wall and the gut. In the male the sac of

the testis is likewise sharply cut off from the blastocoelic

space in the anterior and posterior part of the generative

region. Histriobdella, like Dinophilus, shows the primary

and secondary body-cavity existing together, but sharply

divided from one another. The nephridia, as in Dinophilus,
are in relation with the blastocoelic cavity alone.

From the fact that we get two nephridia in the generative

region in the female, there is considerable reason for concluding

that the oviduct and its funnel can hardly represent a trans-

formed nephridium as Haswell has suggested. The ari-ange-

ment of the ganglia and the external appearance of the
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segmentation Ijeai' out the conclusion that in the male and

female this region is composed of two segments. Haswell,

in Stratiodrilus, states that *'in the fourth segment the

nephridia are probably represented in the female by the ovi-

ducts, in the male by the vasa deferentia." I have shown

in the male and female that two nephridia are present in the

generative region, altliongh holding slightly different positions

in the two sexes. It is therefore impossible that the ovi-

duct and vasa deferentia represent transformed nephridia,

unless we consider the generative region to be composed of

three segments, for which there is no evidence.

In my paper on the nephridia of Dinophilus taeniatus

I have given some reasons for opposing the view brought

forward by Schimkewitsch (28) and Harmer (12), that the

oviducts and vasa deferentia in the male of this animal

represent modified nephridia. IIei*e there are four pairs of

close solenocyte-bearing nephridia in the male and five in the

female. They show the same primitive relationship with

the blastoccfilic cavity as do those of Histriobdella.

Harmer's suggestion is that in the male the fifth nephridium

has been modified into the vesiculae serainales and vasa

deferentia, while it remains unmodified in the female as the

fifth nephridium. In the male he holds that one of the

pairs of nephridia has lost its primitive relationship with the

blastocoelic cavity, and here becomes highly modified into

the large ciliated apparatus of the vesicula seminalis and

the vasa deferentia. The principal evidence relied on by

Harmer in making this comparison is the resemblance of the

funnel-like opening of the vasa deferentia into the cavity

of the testis, to the funnels with which he thought the

nephridia were furnished. I have shown that these do not

exist, and that the nephridia of D. tseniatus are definitely

closed. Therefore the funnels of the vasa deferentia

cannot be derived through modification from those of the

nephridia.

In Histriobdella and Dinophilus, I believe the ovi-

ducts, funnels, and vasa deferentia represent structures
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belonging to an entirely different set of organs from those of

the nephridia, viz, the coolomoducts of Lankester's nomen-
clature.

5. Muscular System,

The muscular system has been described by Foettinger,

whose account is correct in its main particulars. The muscles

of the ti'unk region, as described by him, consist of two

groups, the dorsal and ventral longitudinal, and the irregular

oblique or transverse muscles. It is to these last that I wish

to call particular attention in the present account, as they

are only mentioned briefly by Foettinger.

In addition to this I have been able to add new details in

the division and arrangement of the fibres of the longitudinal

muscles that escaped Foettinger's observation.

A. Longitudinal Muscles.

The chief muscles of the body are these powerful longi-

tudinal bands. They have already been described by
Foettinger in considerable detail. They consist of two
dorsal and two ventral sets. Each band is composed of from
twenty to thirty fibres, flattened dorso-ventrally. They are

attached by their outer margins to the cuticle, while their

free edges project into the body-cavity. In the generative

segment their number seems reduced, but this is due to their

confinement Avithin a limited space—against the gut dorsally

and the nerve-cord ventrally. In the caudal region they

spread out, forming a more or less complete wall round the

segment, only interrupted dorsally by the gut and ventrally

by the nerve-cord. They split up in the head and tail regions,

sending fibres to the jaws and the anterior and posterior feet.

In the head dorsally they converge on one another, uniting

in the median plane, and are inserted in the anterior surface

of the jaw apparatus. The ventral bands, on the other hand,

divide into two sets of fibres, the outer of which split again

to supply fibres to the anterior and posterior surfaces of the
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anterior feet, while the other set run forward and are inserted

ventrally into the anterior part of the jaw mechanism. In

the posterior region each baud splits likewise, the ventral

sending fibres to the foot of the same side, other fibres cross-

ing to be inserted in the small appendage of the posterior

limb. The dorsal send part of their fibres into the leg ou the

same side, while the internal ones cross over to be inserted in

the leg of the opposite side, these fibres thus forming a cross

dorsal to the anal part of the gut. The dorsal longitudinal

bands give off a few fibres to the two segments of the caudal

region, which run towards the median line and are inserted

into the cuticle. It is due to the action of these fibres that

the contraction of the caudal segment is brought about.

As already mentioned, the ventral bands split in the head

region into two sets of fibres. One of these runs forward to

> be inserted in the anterior part of the jaw apparatus, while

the other supplies the extensor and flexor surfaces of the

anterior feet. The manner of insertion of these last is some-

what peculiar. The fibres of the external side of the longi-

tudinal band are not inserted immediately into that side of

the foot nearest them, but run to the anterior surface of the

organ, while those of the inner side of the band cross these

to run to the posterior surface. In addition to these there

are also other fibres, derived from the bands of the opposite

side of the body, that also run to the anterior face of the foot.

These fibres form a cross ventral to the anterior end of the

stomach. Besides these there are some strands that run

from the same side of the foot directly towards the median

line, and appear to be inserted into the anterior end of the

jaws. All these are inserted into the distal joint of the foot.

The course of these different fibres can be readily understood

on reference to text-figs. 1 and 2.

B. Special Muscles of the Generative Segment.

In the anterior and posterior part of the generative segment,

in the intersegmental region, a few transverse fibres are

present, running beneath tlie epidermis.
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Ill the male special muscles aie developed iu relation with

the claspers and the penis. These are similar in their arrange-

ment to tlie same muscles of Stratiod rilus. The penis

possesses a pair of protractors and retrHctors. The retractor

muscles also function as the retractors of the claspers. They

Text-figs. 1 and 2.

I. Ma-le. *'• "^ Femaule.

The muscles seen from the dorsal side in the male and female.

The division of the longitudinal bands in the head and
caudal regions is also represented.

run from the base of the penis to the base of the claspers,

and by their contraction at the same time retract the penis

and claspers. The claspers have also, as in Stratiodri lus,

a set of protractor muscles, which run obliquely forwards and

inwards in the generative segment, and also a few fibres that

run from the bottom of the clasper sheath to the anterior lip

of the same.
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- It will be seen that there is some difference between the

arrangement of the main muscles in Histriobdella as com-

pared with Stratiodri lus. In the neck region I cannot

find the complicated crossing of fibres shown by Haswell in

his fig. 1. Nor in the posterior legs can I distinguish some

of the fibres he I'epresents. The muscular system of Stratio-

driliis is much better developed, and the presence of cirri

and the reti'actile condition of the anterior feet give it a more

elaborate muscular system than that of Histriobdella.

c. Oblique Muscles.

If we examine a number of transverse sections we will see

the body-cavity traversed occasionally by oblique strands

(figs. 39, 40, 41, 43, and 44). Foettinger mentions their

resemblance to the oblique muscles of Protodrilus, but he

was somewhat uncertain as to their nature. He says, " Je

n'ai pu m'assurer si elles etaient de nature musculaire ^'

(p. 457). They divide the body-cavity, as in the Archi-

annelids,into a circular portion surrounding the gut and a right

and left lateral chamber. In some of my sections they form

almost a continual sheet of fibres, and they are much better

developed than one might suppose from Foettinger's remark.

They are found as irregular bundles crossing the body-

cavity from the head to the tail region. They are well marked

in the posterior part of the head ; commencing at a point on

a line with the chitinous jaws, they are continued back into

the neck region in an unbi'oken succession. In the middle of

the segment they almost disappear, while they are more

prominent in the intersegmental i*egions. • In the anterior

and posterior parts of the generative segment they are also

present, but are entirely missing from the middle in the male,

being interrupted by the muscles and accessory glands of the

penis. Anteriorly they divide the testis in two portions,

forming a right and left chamber (fig. 39). In the anterior

part of the first segment they are shown in fig. 43. Here,

during part of their course, they touch the wall of the gut.
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In Stratiodrilus their presence has been observed by
Hasvvell (13), who states: "Throughout the body slender

oblique bundles occur at fairly regular intervals, running

from the cuticle of the lateral surface to that of the ventral

near the nerve-cord" (p. 306). Here, however, they would

seem to be much less developed. I think there is no doubt

that they correspond to the oblique muscles of Polygordius.
It is interesting to note that the nephridial canals, as in

Polygordius, are always within the limits of the lateral

cavities formed by them. Another point of similarity consists

in the manner of their insertion into the dorsal body-wall.

They spread out in a fan-like manner, as Hempelmann (15)

has shown takes place in Polygordius (see his text-fig. 14).

This same arrangement of the fibres, it will be seen, is found in

Histriobdella (fig. 41). The anterior and posterior feet, in

addition to the fibres they receive from the longitudinal

bands, also possess a special musculature of their own. In

the anterior foot this consists of a series of parallel fibres that

run from its base to the distal, flat, saucer-like pad of the

foot. The foot itself is composed of two parts, a distal

retractile portion and a larger non-retractile, cone-shaped

basal portion. Some of the fibres are applied closely to the

cuticle of the outer part of the basal portion, Avhile those of the

bauds, as ah-eady mentioned, are inserted into the retractile

distal portion. They surround and run into the basal gland

of: the foot. There is a collection of granular mucus cells at

the base of the foot, abutting internally on the jaw muscula-

ture. They stain deeply with carmine, each cell having a

darkly granular periphery, with a clear centre hollowed out

in a small cavity. The gland gives off a number of straight

tubes, that open on the pad surface of the foot. They run up
amongst the muscle-fibres, and can be readily distinguished

from these by the manner in which they take the stain. The
gland pours out on the surface of the pad some sticky secre-

tion, by means of which the animal is enabled to obtain a firm

hold. In the case of the posterior limbs a similar, but larger,

gland is present. It extends from the wall of the gut out of
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.the centre of each leg to the commenceraeut of the outer

third, where it gives off a mass of tine, darkly staining

tubules, which open on the pyramidal pad of the foot. This

gland is able to pour out a copious viscid secretion. Fre-

quently, when the animals are irritated, this secretion can be

Text-fig. 3.

tr.m.

Head showing the muscles in connection with the feet and
the jaws. bl. vi., Bnlb-like mnscnlar organ of the jaws

;

cl.p., ciliated pit of the head; cr.f., crossed strands of the
dorsal longitudinal muscles ; on. d.f. a., dorsal longitudinal

muscles I'unning into anterior surface of the foot; tn.d.f.p.,

doi'sal longitudinal muscles running into posterior surface

of the foot; m. <//., salivary gland of the mouth; m.d.j.,

dorsal longitudinal muscle running to jaw apparatus

;

tr. VI., transverse muscle-strands running into the feet.

seen pouring out from the ends of the tubules, forming

minute round drops on the end of the foot. Like the anterior

limb, the posterior has some muscular fibres apart from those

it receives from the longitudinal muscle-bands. These are a

delicate set of fibres just under the cuticle on the posterior

surface, that run from the extremity to be inserted on either

side of the anus. In addition to these there are some oblique
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fibres, as in Stratiodril us, but they are but feebly developed.

A considerable prolongation of the blastocoelic cavity takes

place into the posterior limbs, running out along each leg

between the muscle-fibres and the glands. Into this space

the ova in the female are sometimes forced when the animal is

compressed under a cover-slip, sliowing that it is in free com-

munication with the cavity surrounding the gut.

The movement of the limbs takes place alternately, the

head being swung from side to side with the movement of

the feet. It is a most remarkable sight to see the animals

rear up, as they sometimes do, on their hind feet, and stand

executing movements with their head while they remain

tirmly attached with their powerful hind feet. 'J'hey also

crawl quite readily, by means of the feet, on the underside of

the surface-film of the water. In the ordinary movements of

crawling the glands do not appear to throw out any secretion

on the pads of the feet; only when they are disturbed do

they pour out a thick secretion, which firmly attaches the

feet to the surface on which they happen to be. While the

animal violently twists its head and body, it never moves its

feet. This hold is remarkably firm. On the lobster ova the

parasites can be seized by the middle of the body by means

of a pair of fine forceps, under a dissecting microscope, and

the body pulled off, leaving the feet still attached, the limbs

having been torn from the body without loosening their

hold.

As alreadv mentioned, the front limbs in Hi striobdella

differ from those of Stratiodrilus in that thev are non-

retractile. I have never been able to observe any retraction

of the feet in the living condition, or in preserved specimens

treated with different reagents.

6. Digestive System.

The digestive system is sharply specialised into a number

of divisions. These are readily seen in the figure of an

immature parasite (fig. 30). Here they are more marked
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than in the adult. A more or less slender oesophagus leads

dorsalwards and backwards from a quadrilateral-shaped

mouth (text-fig. 4). This^ although small, is capable of

considerable expansion. It is completely everted in allowing

the jaws and teeth to be protruded in the act of biting. It

commences in a slight ciliated depression, which rapidly

deepens into a groove in the anterior part of the head. The
oesophagus terminates, on a line with the posterior boundary
of the jaw musculature, in a narrow constriction leading into

the stomach. It is difficult to say where the mouth ends and
the oesophagus commences. The mouth and oesophagus are

lined throughout with fine cilia, those of the oesophagus

being much stouter than those of the mouth.

Text-fig. 4.

4.

Showing the outline of the mouth when partially closed.

The stomach may be defined as that portion of the intestinal

tract lying between the first and the third segment. Its wall

is composed of a single layer of cubical cells. It is for the

most part uniform in thickness. The rounded internal ends

of cells project irregularly into the lumen and are ciliated.

At the anterior end, near the oesophagus, the cells are very

columnar and contain many granules. They have probably

to do with the elaboration of the digestive secretions, as they

are seen to be very opaque after tlie animals have taken food.

Those of the ventral wall in this part are somewhat larger

than the dorsal. The nuclei are always placed at the bottom

of the cell, that is, farthest from the internal ciliated surface.

In the anterior region they are long and oval in shape, while

in the middle and posterior regions they are spherical, and

the cells themselves cubical in outline. In the posterior
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vegiou of the stomacli the wall is relatively thin in comparison

with that of the anterior part, and its cells on the ventral

side are fnrnished with very long, dense cilia.

About the middle of the end of the third segment the

stomach contracts into a narrow mid-gut, which runs

through the generative region to widen somewhat in the

caudal region into a more or less straight hind-gut. The

lumen of the intestinal tract, from the stomach backwards, is

greatly reduced in size, and, in the contracted condition of

the animal, somewhat folded on itself. The character of its

ciliation is also different from that of the stomach. At the

point where the stomach passes into the mid-gut there is a

sort of valve formed by the thickening of the stomach-wall.

A similar valve is found at the point of union with the hind-

gut. The wall of the mid-gut is relatively the thinnest part

of the tract, and its cells are not of the marked yellow colour

of those of the stomach. The course of the mid-gut is

irregular, from its being slightly folded on itself. That of

the hind-gut is comparatively straight, but its lumen is

irregular and wavy in outline, due to the irregular thicken-

ing of the wall at different points on its course. Throughout

the generative segment the gut is- very closely confined

against the dorsal body-wall. The anus is dorsal. The cells

of the hind-gut are of a character quite different from those

of the other parts of the tract. They are quite irregular in

size, and extend into the lumen so as to make its outline very

broken, as if thrown into a number of convolutions. In no

part of the wall of the stomach or gut are any contractile

muscular fibres to be seen. In the body-cavity, ventral to

the anus, and close to the point where the gut joins the body-

wall to form the anus, there is usually present a conspicuous

cell on either side. The anus itself is an oblong, vertically

placed, T-shaped slit placed more towards the dorsal than the

ventral side of the animal. It is apparently kept closed b}-

some contractile fibres of the cuticle which function as a sort

of sphincter muscle.

The digestive tract of Stratiodrilus agrees in all essen-
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tial details with that of Histriobdella as far as can be

judged from Haswell's somewhat brief description. There is

the same reduction of the tract in the generative region, this

being much greater in the fenmle than in the male, and its

expansion into a more oi- less large hind-gut in the caudal

region.

As compared with Dinophilus there is a greater difference.

Yet with the exception of the peculiar mid-gut portion of the

tract, which is a development due to the peculiar condition

produced by the presence of a special generative segment,

there is considerable resemblance between Histriobdella

ajid Dinophilus, and in many of the finer histological

details there is a very close resemblance. In the first place,

the appearance of the cells of the stomach, each composed of

a single layer of ciliated cells, the yellow vacuolated appear-

ance of their protoplasm, and the basal arrangement of the

nuclei, ai'e the same in the two. The terminal dorsal position

of the anus and the configuration of the oesophagus and

pharynx are remarkably the same in both.

According to Nelson (25) there is a feeble strand of muscle-

fibi-es that act in Dinophilus as sphincter ani, as in

Histriobdella. Throughout the stomach region there is a

lack of muscular strands, and the stomach is not supported

by mesenteries, but is closely applied to the dorsal wall, as

in Histriobdella. The blastocoelic surface of the stomach,

as in Histriobdella, is covered with a fine cuticle.

The jaw apparatus of Histriobdella is very similar to

that of Stratiodrilus. Haswell has given an extensive

description of this, so that I need only briefly consider it.

As in Stratiodrilus, it consists of two portions—the upper

and the lower. The upper consists of a median rod (fig. 36),

which Haswell has called the fulcrum. This is slender,

round, and slightly curved ; it articulates by means of a

number of basal pieces with a series of jointed arms, each

terminating- in a curved tooth (text-fig. 5). It lies in the

median plane dorsal to the two blades of the lower jaws, being

set at a different angle to these. Its length is somewhat less
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than these last. The cubical basal pieces with which it

articulates support four arms on each side, each being com-

posed of three or four pieces, the last of which is fashioned

into a sharply-curved claw-like tooth. This is strongly

serrated on its inner edge. One difference between the jaw

parts of Histriobdella and Stratiodrilus consists in the

length of the middle joint of these arms. They are much

Text-fig. .">.

m.d.i

bl.

f—

m-^;^^

-' b^p j-

sb.m j.

Jaw apparatus. Enlarged figure showing the sti'uctnre of

tlie teeth and the arrangement of tlie jaw-muscles, ha.p.j..

basal piece of jaAvs ; hi. m., Jmlh-like muscular organ of the

jaws; /.. fulcrum; vi.d.j.. strands of the dorsal longi-

tudinal muscle-bands running to the jaws; st.vi.j.,

striated muscles of the jaws : //(.. teeth.

longer in Histriobdella, and allow of the teeth being

folded back in the mouth or oesophagus to a greater extent

than in Stratiodrilus. When at rest in the ordinary

position the teeth are not folded back to their full extent.

The middle piece of the arm projects at right angles to the

jaws, and in this position the most anterior part of the arm is

the distal joint, the tooth being strongly flexed. When the
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arms are folded to their full extent the fulcrum is drawn back

on a level with the extremity of the blades of the lower jaws.

These are paired throughout. They consist of two long wide

blades, thickened at their outer margins, and articulating at

their basal ends with two curved wedge-like pieces, the

pointed end of the wedge being directed forward in the

ventral lip of the mouth. Yentrally they articulate with one

another in the median line, and turn up dorsally to form a

support for the upper jaws. The upper anterior angle of

each plate is turned outwards and backwards, some of the

fibres of the dorsal longitudinal muscle-bands being inserted

into it. The internal interior edges of these plates are finely

serrated, and evidently assist the teeth in their action. As
far as can be judged from Haswell's figures, the shape of

these plates differs slightly in Histriobdella from that of

Stratiodrilus. They fold up dorsalh^ to a greater degree.

The main portion of the lower jaws are the wide blade-like

portions Avhicli project backwards parallel with one another.

They are widest behind, and taper slightly in front, where

thev articulate with the Avedge-like portions. Connecting

the upper with the lower jaws are the pieces that Haswell

distinguishes as " bridles." Into the posterior extremities of

these are inserted the powerful striated muscles. Apart

from their action in binding together the jaw-sets I have not

satisfactorily determined their function. They Avould seem

to be composed of a single curved piece in Histriobdella,

and its chitinous substance is broken up into a number of

dark hairs where the muscle is inserted, giving it a furred

appearance. The powerful nature of these fibres shows that

their action in pulling on the bridles has to do with some

essential movement of the jaws. It is likely that the actual

process of biting is brought about by their contraction, as

Haswell has suggested, while the fulcrum has merely to do

with their protrusion and opening. In addition to these

there is the peculiar bulbular muscular organ, not unlike the

snb-oesophageal muscle pad of Dinophilus. This is attached

to the posterior ends of the ventral surfaces of the lower
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jaws. Its fibres form an oval mass attached directly to the

jaw blades. Into this mass some of the striated muscle-fibres

are inserted. Its action is hard to understand. It is well

shown in Foettinger's figures. In the movements of the

jaws the lower blades are sometimes seen to separate con-

siderably from one another posteriorly, and it is possible this

motion is brought about by them. What this movement has

to do with the teeth I have been unable to observe. Tliis

muscular organ appears to be wanting in Stratiodrilus, as

it is not shown in Haswell's figures.

On either side of the jaws about their middle there pro-

trudes laterally a small pear-shaped gland composed of from

three to four large granular cells with conspicuous nuclei

(text-figs. 1 and 2). This gland opens into the mouth or the

anterior part of the oesophagus, and is evidently of a mucous

nature, as it absorbs the methyl-blue colour very strongly

when the parasites are placed in it for a short time. The

protoplasm of the gland-cells is finely granulai*, each having

a very large, darkly staining nucleus with a prominent

nucleolus. The duct of the gland converges and opens on

the ventral side of the mouth. The posterior portion of the

organ lies against the muscular pad of the ends of the lower

jaws, while its dorsal surface touches the cuticle of the dorsal

surface of the head.

In position and structure it is in all respects similar to the

glands occupying the same position in Dinophilus, and

undoubtedly answers the same purpose. In Protodrilus,

also, similar glands are present. It appears to have been

overlooked by Foettinger. In fig. 1 of his paper he shows a

mass of tissue on either side of the jaws, which in great part

belongs to these salivary glands, and not to the jaw muscles,

as he evidently thought. Haswell makes no mention of its

presence in Stratiodrilus, although it is probably present

here also, for he shows a number of round cells in the position

that it occupies in Histriobdella.
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7. The Nervous System (figs. 15, 21, and 28).

'J'he nervous system extends throughout the body, and is

composed of a brain, oesophageal commissures, and ventral

nerve-cord, with ganglia at intervals corresponding to the

exteimal segmentation. The brain is situated well forward

in the head, its main mass being anterior to the oral opening,

and close to the dorsal surface. It is composed externally

of a mass of nerve-cells surrounding a clear fibrous core.

The uervo-cells are distributed over its dorsal surface.

Behind, the brain is deeply cleft ventrally, descending in

lateral lobes on either side of the anterior part of the mouth.

This cleft runs forward, forming a small closed sinus in the

anterior end of the organ.

The brain terminates rather abruptly at a point about on

a line with the anterior third of the jaws; here it gives off

two fine commissures that run directly ventralwards and

backwards, connecting it with the first ganglion of the ventral

nerve-cord. At the point where these come off some fibres

go to the anterior legs, and others run directly backwards in

the dorsal region. They probably correspond with the

" nerfs sympathiques " of Foettinger. In addition to these,

the brain supplies nerves to the anterior tentacles.

The commissures are closely applied to the oesophagus, and

are difficult to follow in sections on account of their small

size.

At about on a line with the posterior boundary of the

brain, and slightly in front of the anterior feet, there is a

small ciliated pit on either side of the head. The anterior

lip of this protrudes slightly, forming a sort of papilla. This

pit is undoubtedly sensory in nature, and appears to have

some fine nerve-fibres running to it from the brain. The

nerve-cells of the dorsal surface of the brain are distinctly

differentiated from the cells of the ectoderm. They are

recognisable by the elliptical outline of their nuclei, and the

marked way in which they take the stain when treated with

the heematoxylin mixtures. As compared with the ectoderm
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cells, tlieii* nuclei are rich in chromatin. This peculiarity

renders them distinguishable from the supporting cells of the

surrounding tissues. Some of the ganglion cells are clearly

multipolar, but axons and dendrites are not recognisable. At
the base of the tentacles the cells are bipolar, one process

going into the tentacle while the other enters the neuropile.

They form a dense mass of cells on the anterior dorsal surface

of the brain-core. They are, however, quite distinct from it,

only sending a few fine threads into its substance. In the

median plane a small space, a prolongation of the general

blastocoelic space, extends up under the brain, and separates

them from the core, dividing them into two lateral masses.

The central core of the brain is composed of a dense mass

of interwoven nerve-fibres. It is distinguishable by its

yellow colonr and its non-nucleated character. It is remark-

able that both in relation with the bl•^un and the ventral cord

the nerve-cells seem quite apart, and outside the fibrillar part

of the nervous system. Their relationship seems closer with

the ectoderniic tissues of the head and the mesodermic

and ectoderniic tissues in the trunk than with the fibrillar

material of the nervous system in these regions.

The fibres of the ventral portion of the neuropile seem to

run from side to side, while those of the superficial layers run

more longitudinally. In sagittal sections it is lenticular in

outline, and in the median plane is divided by a transverse

fissui-e into an anterior and posterior part. Haswell also

shows these divisions in the brain of Stratiodrilus (fig. 8).

This division is only limited to the median plane ; laterally

the neuropile swells out into two large lobes on either side.

Thus it Consists, as in Dinophilus, in a median and two

lateral lobes, the median being in turn divided into an

anterior and posterior portion. In the figures of the brain

accompanying this paper these divisions do not show, as the

brain surface is taken from the o-anglion cells and not from

the central core. Behind the brain, and dorsal to the

muscular apparatus of the jaws, there is a second accumula-

tion of nerve-cells. These may possibly have to do with the
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innervation of the jaw muscles ; they are dorsal and median

to the oesophageal commissures. I have been unable to make
out their connection with the muscles. 'J'hey take up methyl-

blue much more readily than do the other cells of the brain,

and retain it considerably longer.

The ventral nerve-cord, like the brain, consists of a similar

central fibrous core, surrounded with nerve-cells. The two

halves of the cord are sepai-ated in the intersegmental

regions, joining up in the middle of the segments to form ii,

ganglion. From what can be judged from Haswell's draw-

ing^, in Stratiodrilus this separation is much less than in

Histriobdella. Unfortunatelv, most of the sections drawn

by Foettinger are taken through the middle of the segments,

and do not properly illustrate the extent to which the two

portions of the cord separate in the ititei'segmental regions.

The two halves of the cord are crescentic in transverse

section, the nerve-cells being imbedded on the ventral surface.

Where the coj-ds unite these cells are drawn out laterally to

form considerable masses on either side.

The main ganglia, as already mentioned, correspond closely

with the five main segments into which the trunk is divided.

The first is situated in the anterior region of the first segment,

and is of considerable size. The second is somewhat smaller,

and is situated about the middle of the second segment. It

has fewer nerve-cells, and, like Stratiodrilus, it is placed

nearer the first than the third ganglion. The third is the

largest, taking up the greater part of the length of the cord

in the third segment, and having a great number of nerve-

cells. Between all the ganglia in the intersegmental regions

of the anterior segments the component parts of the cord

separate as already mentioned ; between the third and fourth

ganglia this is hardly perceptible, and from this point back-

wards to the tail region the two portions of the cord are in

close union, with the exception of a small area near the end.

The fourth ganglion is the largest of all, and occupies the

middle of the generative segment. The fifth is in the middle

of the caudal segment. The position of these ganglia can be
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seen from the reconstructions shown in figs. 15, 21, and 28.

In these figures the nervous system is seen from the ventral

side. The outlines of the cord and ganglia have been

measured from the nerve-cel!s, as far as these could be

roughly differentiated from the surrounding tissues.' From

fig. 15 it Avill be seen that the main mass of the fourth gan-

glion lies just in front of the penis, but many of its cells extend

backwards in the region dorsal to the penis. Here they

would almost seem to form a second division of the ganglion.

I have not attempted to determine its structure, which differs

considerably from that of the other ganglia, on account of the

great size of ils lateral parts. A few of its cells are distri-

buted on the penis sheath. Past the fourth ganglion the cord

diminishes rapidly, but enlarges again rather suddenly in the

interior part of the caudal region. It is the second in this

segment that is the largest. In the posterior region the cord

divides to run into the posterior feet. At this point a number

of nerve-cells are arranged, forming quite a mass. It is diffi-

cult to decide whether each of these ganglia is to be considered

as representing a segment. If so, then there are three main

o-ans'lia in the segment itself, and counting- the mass of cells

at the termination of the cord, it would be composed of four

see-ments. Foettinger came to the conclusion that it was one

segment, formed by the partial fusion of three metameres.

In the female there are a number of differences in the con-

figuration of the nervous system, due to the somewhat different

size of the segments as compared with the male. This is

most pronounced in the generative region. The absence in

the female of the penis and accessory glands results in the

almost complete disappearance of the cord and ganglia in the

posterior part of the generative region, and throughout this

portion of the body the cord and its ganglia are much less

prominent than in the male. In the absence of the penis the

cord retains its ventral position. In the caudal region, on

' In the reconstiiiction of the male nervous system shown in fig. 15

uo allowance has heen made for the dorsal ciu-vatm-e of the cord in

the generative region.
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the contrary, the cord and ganglia are much the same as in

the male (fig. 15).

In Stratiodrilus the cord and ganglia are much the same
as in Histriobdella. In the male the fourth ganglion is

opposite the claspei'S. After this the cord is very much
reduced where it passes dorsalwards over the penis. In

Histriobdella this reduction is not so marked. In the

caudal region also the ganglia are smaller. Hasvvell remarks,

regarding the nervous system of the caudal region of

Stratiodrilus, that "the ventral chain may be described

either as represented by a single elongated ganglion imper-

fectly divided into five or six portions, or as consisting of five

or six imperfectly separated ganglia" (p. 315). The nerve-

cells are arranged on the ventral surface of the cord, and
the lateral ganglia are much better developed in Histrio-

bdella, especially those of the generative region. They send

fibres into the cirri. The second ganglion would seem to be

double.

Haswell has drawn attention to the fact that the nervous

system in Stratiodrilus does not show the complete union

with the body-wall tissues as does that of Histriobdella.

I think, however, no great importance can be attached to this

point. The separation shown by the nervous system in

Stratiodrilus is due in great part to the thinness of the

body-wall as compared with Histriobdella, and not to a

more highly difi'erentiated condition of the system itself.

It is of considerable interest to compare the nervous system

of Histriobdella with that of the Archiannelid it resembles

most, that is, Dinophilns. From the study of a species

closely allied to D. gyrociliatus, Nelson (25) has deter-

mined the main structure of the central nervous system in

considerable detail. In the first place there is a marked

separation of the two parts of the ventral nerve-cord in the

intersegmental regions, much more so than in Histrio-

bdella. Unlike Histriobdella they do not unite to form

the ganglia, but are joined by commissures, the two portions

of cord remaining separated throughout their course. There
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ai'e four well-marked ganglia corresponding to the four main

segments of the trunk. In addition to this, there are a few

cells that probably form a fifth, corresponding with the

somewhat reduced caudal segment. If we compare the

reconstruction iigure he gives of the nervous system with

that of cither the male or female Histriobdella given in the

present paper, it will be seen that, with the exception of this

greater separation of the cords, there is a remarkable resem-

blance in the general configuration of the nervous system of

the two forms. The brain and the oesophageal commissures

are much the same. In transverse sections the cords hold

similar positions in the ectoderm. The ventral sinus found in

the brain of Histriobdella, it would seem, is also present

in Dinophilus as a small closed cavity in the bi-ain substance

itself.

In minor histological details they bear a striking resem-

blance to one another. The brain is clothed dorsal ly and

laterally with a mass of nerve-cells, having the peculiar

granular nuclei so characteristic of these cells in Histrio-

bdella. They are similarly differentiated from the supporting

tissue cells. The circum-oesophageal commissures are better

developed, however, in Dinophilus, and pass backwards

round the oesophagus just below the dorsal longitudinal

muscle-strands. The centre of the brain is composed of a

mass of clear fibrillar material that stains with difficulty.

As in Histriobdella, fibres are given off by the oesopha-

geal commissures at the point where these leave the brain.

They are much bigger in the case of Dinophilus, and are

more easily traced through consecutive sections. In His-

triobdella there are no pre-oral commissui-es, and the

ofano-lia are more circumscribed and definite than in Dino-
pliilus.

As compared with the nervous system of Protodrilus

there is a greater difference than in the case of Dinophilus.

This is due to the lack of ganglia on the ventral cord. In

Protodrilus the ventral cord shows no ganaflionic divisions

corresponding to the external segmentation. This is very
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slight, being shown only by the ciliated rings. Internally it

is better marked by the dissepiments and the nephridia. The
two halves of the cord remain separate throughout their

course, uniting at their ends in a small ganglion. Such a

nervous system can hardly be compared with that of His-
triobdella.

According to Pierantoni (26), the nerve-cells in Proto-
drilus are equally as difhcult to distinguish from the sur-

rounding tissues as in Histriobdella. While retainin":

their primitive position in the ectoderm, they send fibrils to

the tentacles and the digestive system. In the ventral cord

there would seem to be no localisation Avhatever of the nerve-

cells corresponding to the segmentation.

8. Sense-Okgans.

Among the sense-organs of Histriobdella are to be

classed the five tentacles of the head and the palps of the

posterior legs. All these receive nerve-fibres from the central

nervous system, and are armed with short, stiff, sensory hairs.

The most essential of the tentacles appears to be the median

one of the head. In the larva this is the first to appear, and

its nerve supply in the adult would seem to be greater than

that of the others. In addition to the tentacles, scattered

over the cuticle of the bodv are a number of cells of a sensorv

nature that stain readily with methylene blue.

On the dorsal latei-al parts of the head are the sensory pits

described by Foettinger. These, as already mentioned, are

very small, and placed a short distance in front of the anterior

feet. Foettinger has sought to compare them with the ciliated

grooves of Archiannelids. They measure about 14 /.t in their

longest diameter, and are oval in outline. They are therefore

much smaller than the long grooves of Protodrilus and

Polygordius. In the bottom of the pit are placed a few

fine sensory hairs. As described by Foettinger, the anterior

edge of the pit is developed into a slight lip or ridge that is

capable of being folded completely over the pit and of
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obliterating it. From the way in which this lip is protruded

and the pit opened when the animal is feeling its way or

examining any small object it may come across in crawling

on the bottom of a watch-glass^ it is evident that the pit

functions in some way as an organ of taste or smell. It

appears to receive a set of nerve-fibres from the brain. There

is no doubt that these pits correspond to the ciliated pits of

the Archiannelids, despite their small size. Tbey are present

ill both sexes. According to Haswell they are not present in

Stratiodrilus.

9. The Refkodcctivk System.

T^he reproductive organs in the male consist of a testis,

paired in its anterior part, two vesicula) seminales, two

vasa deferentia, and a median penis. Dorsal to each vesicle

is the so-called granule gland (fig. 11). In relation with the

penis there is a gland of unknown function, as in Stratio-

drilus.

In the female the organs consist of a lai'ge sac or ovary

filling the whole of the generative region. On its ventral

surface this is furnished with a paired oviduct, armed with a

large funnel, the dorsal lip of which only is ciliated. On the

course of the oviducts and close to their external openings

are the ampnllje or shell-glands.

A. In the Male.

The testis in the male when fully developed tills the anterior

and middle third of the generative region. Its extreme

anterior end is separated into a right and left portion, its

middle portion is fused in the median line. Behind it ends

somewhat abruptly in front of the penis. The remaining pos-

terior third of the generative region is taken up with the

penis and its accessory glands. This portion is sharply

divided from the anterior two thirds by the limiting membrane

of the testis. This fact has not been clearly shown by

Foettinger. He seems to have overlooked the well-defined
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nature of the limiting membr<ine, and fails to show the sharp

manner in which the testis is shut off from the general blasto-

coelic cavity surrounding the gut. He states that the testis

takes up the whole of the generative i-egion, which is not the

case, for the penis and its glands take up the posterior third as

I have mentioned. The anterior paired portion of the testis

is shown in section in fig, 39, while the niain unpaired portion

is shown in section in fig. 35. Internally the testis is filled with

a number of oval bodies, the spermatidia (figs. 27 and 35).

These consist of a number of nuclei with granular chromatin,

arranged round the circumference of a small mass of cyto-

plasm. In the region close to the anterior end of the testis

they form a solid mass, while in the middle they crowd its

cavity as a number of oval bodies. The mature spermatozoa

are found in the spaces of the testis cavity between them.

If we regard the generative region as due to the fusion of

two segments, then this conclusion is supported by the arrange-

ment of the nephridia and the ganglia. The testis itself takes

up the first and largest of these, while the penis and accessory

glands take up the second. The division between the testis

and penis portion comes at just that point we should naturally

conclude that it should from the position of the ganglia.

In the female the double nature of the generative region is

not so clear as in the male, and the metamerism is masked
by the extensive prolongation backwards of the ovarian sac.

In the young female, however, the ovary is confined to the

anterior two-thirds. The double nature of the generative

region then is almost as distinct in the female as in the male.

The vesiculaj seminales are found in the posterior part

of the testis, and are pear-shaped bodies with their pointed

ends directed forwards. They are readily recognised on

account of the large quantities of sperm with which they are

always crowded. Leading into the lateral surface of each

vesicle is a fine duct from the granule gland.

These are a mass of large mucus-like cells that lie against

the inner surface of the cuticle of the body-wall of the genera-

tive region. They secrete a granular mucous substance which
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tliey discharge into the vesica he, K;ich glund is composed

of about twenty cells, arranged in a single layer, laterally,

against the wall of the segment. They fill up the greater

part of the middle third of the region. They commence

anteriorly, just behind the orifice of the retracted claspers,

and stretch back to a point, on a line behind the vesiculae

on either side. J)orso-ventrally they extend from the border

of the dorsal longitudinal muscles round the sides of tlie

segment to the border of the ventral bands. IMieir cells

have a waxy appearance, and their cytoplasm, which is rela-

tively large in amount, is very finely granular. Each cell

possesses a round nucleus and a dark karyosome. On a line

with the vesiculas the dorsal cell of each group gives off a

fine duct, that crosses the space of the testis cavity and runs

into the ventral external surface of the vesicle of the same

side. The wall of this tube is also, like the protoplasm of the

cells of the gland, fineh' granular. About its middle there

are usuallv two laro-e nuclei embedded in the wall. Where

the tube runs round the outer surface of the vesiculae it is

much thickened, and this appears to be due to the accumulation

of drops of the gland secretion in its lumen (fig. 31).

The vesicular are roundish bodies with thin walls. The

lateral and ventral third of their cavities is taken up with

the mucous secretion derived from the granule glands. This,

in sections of fixed material, projects upwards into the cavity

in a mass of finger-like digitations. On the outer ventnil

surface of each vesicula there is a small slit. Its edges are

armed with short stout cilia. It was the motion cf these

that Foettinger evidently mistook for the presence of a pair

of excretory organs in this region. Through this slit the

spermatozoa gain an entrance into the vesiculte.

The vas deferens leads out from the posterior ventral

portion of each vesicle and turns in towards the median line,

and is continued as a small tube to the base of the penis. It

is of considerable diameter, and forms a sac-like canal on

either side. At the base of the penis the vasa deferentia

of both sides meet, forming a small receptac ul urn seminis.
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wliicli lies between the two lateral halves of the org'an.

During life this is always full of vei'y actively moving

spermatozoa.

The penis is a firm, semi-solid, peai'-shaped body, the

pointed end being directed backwards. It is always carried

retracted within the sheatli. Unlike Stratiodrilus, it is

not composed of black chitiuous material similar to that of

the jaws, but of some transparent substance, sufficiently

rigid, however, to enable its being driven through the firm

cuticle of the female in the act of copulation. It is pro-

truded through the quadrilateral-shaped mouth of the penis-

sheath by the action of the strong pi-otractor muscles. The

organ itself is composed of two lateral blades, the spermatozoa

being ejected through the median canal between them during

copulation.

In relation with the dorsal surface of the penis on either

side, and taking up the lateral posterior corners of the

generative region, are the so-called accessory glands of the

penis (figs. 11 and 40). These are large vacuolated groups

of cells forming oval masses running up to the dorsal surface

on either side of the gut. From each gland a small duct

leads down to the penis, and is inserted laterally about its

middle. This opens into the canal on the penis on its ventral

side. The gland-cells are divided into an anterior and pos-

terior group. In horizontal sections the gland appears as a

four-lobed structure, posterior and dorsal to the base of the

penis. The anterior and smaller of these groups is composed

of numerous cells, while the posterior, although larger, consists

of fewer cells. The cytoplasm is granular and very vacuolar.

This is shown in figf. 40, where their anterior ends come in

the section on either side of the gut. In transverse section

the gland will be seen to be composed of two groups of

cells, one of which is much smaller and more dorsal than

the other. This is wedged in against the gut on either side.

Towards the posterior region of the gland the cells are

somewhat larger. The largest of these contains a vacuole

of considerable size. This probably acts as a receptacle for
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the gland secretion. It is connected with tlie penis by a

strand of cytoplasm that runs to its ventral side, and is con-

tinuous across the median line with a strand from a similar

cell from the opposite side. Posterior and ventral to this

ai-e a number of small, darkly staining cells. They are

lenticular in shape, with prominent nuclei. They fill up the

corners between the large cells. The largest cell of the

gland is placed about the middle or slightly towards its

posterior end. The section shown in fig. 24 passes just

behind its posterior border. The nuclei of the smaller cells

are rod-shaped, and frequently bent in a semi-circular form.

On the inner wall of the gland, close to Avhere it abuts against

the penis-sheath, are a number of darkly staining masses of

nuclear material. The ends of all the gland-cells converge

on the penis. When the cells are charged with secretion

their nuclei are seen to be large and round, with a well-

marked karyotheca. The karyoplasm is collected into a

darkly staining kai-yosome. In the cells that have dis-

charged their secretion, on the other baud, the nuclei are

invariably long and rod-shaped, with a uniformly staining

karyoplasm, and no karyosorae.

In fig. 23 are represented some of the cells of the posterior

group under high magnification. The cytoplasm forms a

superficial layer which throws threads aci'oss the vacuolar

interior of the cell. The nucleus is always situated about the

middle of the cell and is of considerable size, and contains a

darkly staining karyosome.

The compai-tment of the generative region holding the

glands is sharply separated from the anterior part of the

segment, which contains the testis, as already explained.

This is clearly separated from the granule cells and the

vesiculee, which are within the limits of the testis proper,

and enclosed by its membrane.

The region of the accessory gland is often seen distended

with the accumulation of secretion within the gland. With

dark ground illumination this appears opaque and whitish in

colour. In the surface view of a living preparation the two
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portions of the gland appear somewhat as shown in fig. 11.

The anterior lobe seems distinctly separated from the pos-

terior. The function of these glands is problematical. They
doubtless pour some secretion into the canal of the penis

during copulation, which assists in this act in some way.

They \vaere first described by Haswell in Stratiodrilus,

where they are much larger and somewhat different in appear-

ance from those in Histriobdella. They seem to have been

overlooked by Foettinger, although he plainly figures them in

his sections. He evidently mistook them for a portion of the

testis. That they are separate structures from this can be

easily seen in horizontal sections. They cori'espond to the

similar glands found in connection with the male organs in so

many Tnrbellaria, as in Proxenetes, Provortex, and
Plagiostoma.
Under the heading of the male reproductive organs come

the claspers. These are usually carried retracted, only being

protruded when the males are impregnating the females.

Under the action of strong reagents during fixation they are

sometimes extended, in which case they are always seen pro-

jecting ventralwards and never laterally. Each clasper is

furnished with a protractor and a retractor muscle that runs

to the base of the penis, as already explained. At the base

of each organ there is a large mucous cell with a large nucleus.

This, in the retracted condition, occupies the anterior wall of

the clasper-sheath, and is a conspicuous feature in a trans-

verse section through the anterior region of the generative

segment. In a full-grown male the cell is very large. A fine

duct leads from it to the tip of the organ and pours some
adhesive secretion on the surface of the clasper, similar to

that poured on the surface of the feet. This cell is shown in

fig. 2. The anterior lip of the orifice formed by the retrac-

tion of the organ forms a marked projection which overlaps

the orifice (fig. 13). When the organ is extended this lip is

obliterated, as shown in fig. 9. The gland cell then occupies

the middle of the clasper. At the top of the organ there are

a few short, stiff hairs. I have already mentioned that once
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the male has seized the female by means of the claspers its

grip is immediately rendered secure by the gland secretion,

and then the male is only able to free itself from the female

with difficulty. Sometimes the male can be seen being carried

about by the female, making violent efforts to free itself.

The claspers never seem to be used for any other purpose than

that of seizing the female, and are never extended to enable

the animal to hold more securely when an attempt is made

to brush them off the lobster ova.

B. In the Female.

The ovary in the female holds the same position in the

generative region as the testis in the male. It has a more

sac-like appearance, however, and its lining membrane is

thicker than in the case of the testis. In the anterior and

posterior regions of the segment there is not the great

thickening of the wall seen in the male. It is more uniform

in thickness, and the contour of the limiting membrane

throughout more distinct. In sagittal sections in the median

line it appears as a long chamber lying ventral to the gut

(fig. 22).

Foettinger's account of the oviduct and funnel is correct,

the funnel being large and collapsible, ciliated on its dorsal

side only. It projects downwards into the ventral region of

the middle third of the generative segment. Its ventral lip

is a short distance from the nerve-cord on either side ; its

dorsal lip is the longest, and almost meets that of the

opposite side in the median line. The funnel is composed of

a large number of flattened cells, a conspicuous one being

usually seen in the edge of the dorsal lip. The cilia are

remarkably stiff and short. It leads into a small, round

ampulla which is usually crowded with spermatozoa. This

leads into a still larger one, the walls of which are drawn out

in a number of digitations. This functions as a sort of shell-

gland. Its lumen is filled with a granular secretion that

forms the egg-capsule. A short canal leads from the second
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ampulla to the exterior. When the ovary is full of ova it is

sometimes difficult to see the funnel and oviduct, as its

lumen is obliterated by compression against the body-wall.

The inner surface of the ovary is closely invested with a'

thin layer of nucleated cells—the true coelomic epitlielium.

It is from this in the anterior region that the primitive ova

arise. This takes place close to where the sac abuts against

the end of the third segment. Here certain of the nuclei are

much larger than the rest. They are the oogonial cells.

They have relatively little cytoplasm and. large, transparent

nuclei. A considerable number of them are seen at this

point in different stages of development. The fact that the

oogonia arise from a small, circumscribed portion of the

anterior end of the ovary, and not from its epithelial surface

in general, recalls the condition described by Nelson (25) in

Dinophilus conklini, which differs from the other species

of this group, D. vorticoides, D. taeniatus, andD. gigas,

in that only a small portion of the ovary likewise gives rise

to the oogonial cells. It is evident that the epithelium of the

middle and posterior portions of the ovarian cavity play no

part in their formation. As they pass backwards and become

the primary oocytes, the epithelium of this part of the cavity

throws out processes that attach themselves to the growing

oocytes, folding up round them and forming a supporting-

matrix crowded with small nuclei. They furnish them with

the material for their growth, but beyond this take no part in

their formation. As the oocyte grows these follicle cells

diminish rapidly in size, and their nuclei undergo degenera-

tion, becoming long and granular. They appear to have

something to do with the formation of the yolk-granules, but

how this is accomplished is not plain. These arise in situ,

as nothing similar to them can be distinguished in the follicle

cells, which are always clear and transparent. At the time

of their formation the granules are also clear and. transparent,

and only acquire their dark appearance after they have been

formed some time. For this reason the [small oocytes,

although highly granular, are almost as transparent as the
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oogonial cells. By the time tlie oticytes reach the middle of

the generative region they turn dark brown in colour. In a

few days they increase greatly in size. Their outline becomes

regular, and the superficial layer of their cytoplasm seems to

stain much more intensely than the deeper portion. Their

nuclei become large, round, and transparent, and ai-e readily

distinguishable in the living animal. 'J'here appears to be no

yolk-nucleus present, but the germinal nucleus goes through

a number of changes during the formation of the deutoplasm,

that probably has to do with the great elaboration of this

material.

The mature eggs are found in the posterior region, where

they take up the greater part of the ovarian chamber. They

measui-e from 80-200/« in their longest diameter, according to

the size of the female. They are oval in shape and somewhat

flattened. They are highlv granular, the granules being very

uniform in size.

Unlike Stratiodrilus, there may be a number of ripe

eggs within the chamber at one time, although one usually

predominates in size over the others. In the violent move-

ments of the animal small fragments of the egg are some-

times broken off by compression against the gut, or from

fi"iction against the other eggs of the cavity. These are seen

to move about the cavity quite freely, and, by some peculiar

cohesive process, are capable of joining up Avith the egg

again. This can be seen taking place under the microscope.

The fragments have a membrane of their own, and may be

seen lying against the egg from which they have separated.

The membrane between them breaks down, and the}- flow

together rapidly.

Normally the ripe ovum is almost divided in two portions

by its compression against the gut. When a ripe ovum is

discharged its place is immediately taken b}- the next in size.

I have never actually observed the female in the act of

depositing her eggs; as I have mentioned, this takes place

usually at night. From the fact that the funnel in the female

is well forward at the generative region and the ripe ova are
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sometimes far back at the caudal end of the ovary, they have

to move some considerable distance forward before they can

find exit through the oviducts. In passing through the

second ampulla the egg is surrounded by its capsule, which

binds it firmly to the membranes of the lobster's ova, or the

hairs of the carapace surface of the branchial chamber.

I have already drawn attention to the fact that the oocyte

commences to prepare for the first maturation division and

the extrusion of the polar bodies when it has acquired only a

portion of its yolk material. It is noteworthy that only one

of the oocytes undergoes this change at a time. It is the

most advanced and the largest. While the amphiaster is

seen in this egg, I have never observed it in any of the

younger ones, although some of these to all external appear-

ances are as large and as mature as the one in which it has

appeared.

As the oocyte prepares for maturation its staining reaction

changes. Up till this time the superficial layer ot" its cyto-

plasm stains darkly, while the deeper portions surrounding

the nucleus do not take the stain. With the appearance of

the maturation spindle the staining reaction of the cytoplasm

becomes uniform throughout the cell.

The first sign of approaching maturation is announced by

the changes undergone by the nucleus. It is distinguishable

in the living egg as a clear spot in the middle of the dark

graimlar cytoplasm. By a number of changes, which I have

not followed in detail, the chromosomes form, the germinal

vesicle breaks down, and the amphiaster of the first polar

body forms. This at the moment it appears is very small, but

grows rapidly with the growth of the egg. From the time it

appears to the time it reaches its full dimensions it at least

trebles its length, while the egg grows considerably in size.

From measurements made of the length of the central spindle,

from centi-osome to centrosome, and the diameter of the egg

in its longest axis, it was found that from the time the central

spindle was clearly visible to the time it ceased to grow it

trebled its length, while the egg a little more than doubled
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its longest diameter. Tlie spindle seems to grow witii the

agg. 'i'lie size of the amphiaster is always proportional to

that of the ovum. In the large female, where the eggs are

almost double the size of those of the small ones, the spindle

is correspondingly larger. 'J'lie size of the spindle is appa-

rently determined by that of the cell.

In Limulus, according to Munson (23), the growing centre

of the egg is the vitaliue bod3^ This, in the early stages,

presents all the appearances and features of the centrosotne

and sphere, atid, in fact, is the centrosome of the dividing

ocigonia. In later stages it remains as the deKnite centrosome

in the cytoplasm. Thus it appears as the primitive basis or

centre of growtii of the cytoplasm, building this in part from

the granules supplied by the follicle-cells. In Histrio-

b del la growth does not seem confined to the region near the

iimphiasters, but seems to take place generally throughout

the cytoplasm of the egg. No yolk-nucleus or vitaline body

is present. In sections of fixed eggs the cytoplasmic material

in the immediate vicinity of the spindle is markedly less dense

than ill the peripheral region of the ovum. In some sections

the middle of the ovum appears as a space, in the middle of

which is the spindle with its chromosomes.

The ovum goes through a portion of maturation during the

time it is still adding material to its cytoplasm. AVhile the

achromatic threads of the amphiaster can be readily seen in

the living egg, the chromosomes cannot be detected "without

staining. At the end of the prophase eight chromosomes are

found in the equatorial plate of the spindle.

The astral rays are much less definite than the strands of

the central spindle. AVhile the former seem in the living egg
as if due to the arrangement of the yolk-granules in definite

lines, the latter appear as actual tlu'eads running between

the gi-annles themselves. In speaking of the astral rays

Wilson (32) says :
" A careful study of their relation to the

meshwork in the Echinoderm, and in manv other forms

(especially in Nereis, Thalassema, Lamellidoris, and

Asterias), leaves no doubt in my opinion that tiiey are actual
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fibrillge, that thread their way aniOHg the crowded alveolar

spheres. In my best preparations the astral rays appear like

wires bending to and fro among the alveoli" (p. 13). "From
a study of Toxopneustes one would be led to the conclusion

that they ^arise in rows of granules or microsomes, held

together by the continuous substance" (p. 15). These words

exactly describe the appearance of the astral rays in the

living egg of Histriobdel la.

Towards the centre of the astral figures the rays appear as

continuous fibres, while peripherally they break up into rows

of granules. I believe in both the asters and the central

spindle the granules do not build up the achromatic figure,

but are merely incidental to it. This is borne out by the fact

that they are less numerous within it than in the surrounding

cytoplasm. For this reason the area of the amphiaster in the

living egg is always the most ti-ansparent. The archoj^lasra

can be distinctly seen as a clear substance running between

the microsomes.

The less dense nature of the astral rays, as compared with the

Hbi'es of the spindle, has been clearly demonstrated recently by

Lillie (18) on centrifugalised eggs, where the egg-granules are

readily driven through the substance of the astral rays, while

they are stopped and forced to go round that of the spindle.

The chi'omosomes in Histriobdella are arrano-ed round

the periphery of the equatorial plate. Each chromosome lies

directly against one of the spindle-fibres. These run from

one centrosome to the other without any break in their con-

tinuity. It is obvious that the chromosomes have no proper

mantle-fibres, and that the number of fibres composing the

spindle is in excess of that of the chromosomes. In sections

the number of fibres can be counted. There are twenty,

while there are only eight chromosomes.

The centrosome itself is not distinguishable »s a distinct

point or granule iu the living egg, but its position is indicated

by a small area where the fibres of the astral rays and those

of the spindle all converge on one another. No sphere can

be distinguished.
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In the early stages, during the formation of the central

spindle, its fibres in part appear to arise outside the area of

the nucleus. In one instance I was able to distinguish the

spindle-fibres beyond the still evideut remains of the nuclear

wall. The centrosome clearly arises beyond the limits of the

nucleus, and from the reticulum of the cytoplasm, and its

presence can be clearly detected before the dissolution of the

nuclear wall.

Much has been written on the origin of the spindle and the

centrosomes as to whether they are of nuclear or c3'toplasmic

origin. It has been established that the spindle-tibres may
arise from either. In the case of the mantle-fibres they arise

almost invariably from the nucleus, while the spindle sub-

stance proper arises from the cytoplasm, as has been shown

by Meves (22) in Salamandra, Calkins (3) and Ishikawa(17)

in Noctiluca, Flemming and Heidenhain (14) in leuco-

cytes. In cases where no central spindle is present the

astral rays seem to arise from the cytoplasm, as in a number
of plants, some worms, as Thalassema, according to Griffin

(11), and in a number of Annelids as described by Mead (21).

In other cases from the nucleus, according to Flemming (7),

Huckert (27), Wilson (33), and Korschelt (18).

According to Watase (31) the centre of the aster is merely

the point where the greatest number of cytoplasmic filaments

meet, the centrosome thus produced giving rise in turn to the

spindle filaments. Thus the spindle-tibres originate from the

centime of the aster, and not from the nucleus. This is clearly

shown in the case he instances of the blastomeres of Loligo,

where the nucleus remains a clear area in the middle of the

central spindle. There is a short period in the formation of

the spindle in Histriobdella when almost the same con-

ditions ai-e shown. Again, the observations on eggs that

have been artificially fertilised by salt solutions clearly point

to the origin of the spindle quite independent of the nucleus.

According to Wilson (34) all degrees exist between the asters

that lie remote from the nucleus and of undoubted cyto-

plasmic origin, and those close beside it.
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When the amphiaster attains the pi'ophase, it remains in

this stage until the egg is fertilised and deposited in the sea-

water. If this does not take place, or if the conditions for

egg-laying are unfavourable, it apparently remains in this

state indefinitely, not making any further progress.

In one instance I was able to keep a large female under

observation for the greater part of a week with the amphi-

aster of its largest egg in the prophase. At the end of this

time the fibres of the central spindle and the astral rays were

as distinct as at first, and showed no evidence of dissolution.

It is evidently contact with the sea-water that is necessary

to cause the completion of maturation and the extrusion of

the polar body.

The spindle is of considerable size, measuring from 50-

60 // from centrosome to centrosome. It can be readily seen

in the living egg with the aid of a good hand-lens. As the

animal moves and the egg outline is changed by compression

against the body-wall, it does not change the position of its

main axis with regard to that of the egg. According to

Hertwig's well-known law, as the result of the interaction of

the nucleus and protoplasm the spindle comes to lie in such

a position that its longitudinal axis corresponds with the axis

that passes through the greatest protoplasmic mass. In figs.

18-20 are shown the position of the amphiasters in the egg

as it has undergone change. The axis of the spindle, it will

be seen, does not always correspond with that of the main

axis of the egg, but on the whole it lies very close to this,

and the cytoplasm always shows a tendency to group itself

symmetrically about the spindle. I have made a number of

observations that seemed to show that the form of the egg

does not greatly affect the direction of the spindle-axis.

In fig. o2 is shown the egg when it has undergone con-

siderable pressure in its long axis through contraction of the

animal. The spindle shows no appreciable shortening as the

result of this pressure. In fig. 18 the egg shows the com-

mencement of two furrows running into the cytoplasm, due

to compression against the gut. In fig. 32 a small portion
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has been broken oft' the posterior end. This subsequently

joined up with the egg again.

No pokxr body is given off by the egg while it remains

within the cavity of the ovary. I have had a female under

observation for several days, and have been able to follow the

growth and maturation of a particular egg from the first

without seeing the formation of any polar body taking place.

I have mentioned that the male is often seen to fertilise the

female while she is without eggs and still immature and in the

larval state. In these females the sperm can be seen working

their way through the tissues and finally collecting in the

oviduct. 1 believe this invariably takes place. Whether

the spernij once in the oviducts, retain their vitality till the

female reaches maturity and bears eggs I have been unable to

determine. It would seem that it is immaterial whether this

does or does not take place. The female is usually fertilised

over and over again before she reaches maturity and bears

eggs, so that fertilisation is probably effected by the last supply

of sperm she may happen to receive. It is clear that the

presence or absence of ova in the female play no part as a

factor in fertilisation.

No matter where the sperm are injected into the body of

the female—and the male exercises no choice in this respect

—

they seem to collect ultimately in the ampulla? of the oviducts.

It would seem as if some substance in this situation exerted a

chemotactic influence over their movements, causing them to

collect here from all parts of the body.

The sperm are frequently seen in the blastocoelic cavity in

small masses beneath the gut. In this situation they are still

shut off fi-om the cavity of the ovary and the eggs.

In the anterior end of the ovary, crowded among the small

oogonial cells, are frequently seen small masses of sperm.

These appear to have undergone considerable change and to

have partially lost their tails. It is probable that these sperm

have gained access to the ovary by way of the oviducts. It

is i-emarkable, however, that in the posterior region of the

ovarian cavity no sperm are seen free among the ova, but they
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would seem to be confined to its anterior region. Fertilisa-

tion takes place within the ovarian chamber, as a large

oblong sperm-nucleus is always found in the ovarian egg, in

which the amphiaster has appeared. This always lies at some

distance from the spindle and close to the egg-membrane,

while the spindle is centrally placed. I have been unable to

determine at just what stage in the growth of the ovariau

egg fertilisation takes place. As the egg is seen to increase

considerably in size after the amphiaster has appeared, and as

the sperm nucleus is always found in the ovum when this is

present, it is possible that the egg is fertilised at a stage in

Avliich the yolk-granules are first beginning to appear. The

fusion of the pro-nuclei takes place only after the polar body

is extruded, and this takes place when the egg has been

deposited in the sea-water.

In Stratiodrilus Haswell has observed the fertilisation of

the egg taking place within the ovarian cavity.

In Dinophilus tseniatus, according to Harmer (12), the

same conditions hold regarding impregnation and fertilisa-

tion as in Histriobdella. The penis is inserted anywhere

under the skin, the act of copulation taking place repeatedly

with the same female. He says, " the act of copulation has

no relation to the maturity of the ova of the female, nor is it

prevented by the fact that the female has already received an

ample supply of spermatozoa by a preceding operation"

(p. 13). The spermatozoa can be seen collected in small

masses beneath the gut. Fertilisation is therefore internal.

The polar bodies are given off apparently when the eggs reach

the exterior, or shortly after they are deposited in the sea-

water.

In the ripe egg, after the amphiaster of the first polar

body has been formed in this manner, a remarkable occur-

reuce can be brought about, which demonstrates most clearly

the semi-solid nature of the spindle itself. In compress-

ing the cover-glass on a preparation of a living parasite

I happened in several instances to rupture the body-wall in

the vicinity of the ovum. The egg-envelope was also broken
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at the sam6 poitit. The yolk-granules then rapidly poured

through the opening into the sea-water, and carried the

amphiiister with them. It held together as a semi-solid body,

and could be seen turning over and over as it was pushed

along by the granules. Once in the water outside the body

the granules tended to disjaerse, while the amphiaster remained

with its immediate surrounding granules, apparently a solid

body. It remained like this for several minutes until it finally

dissolved and disintegrated. I have tried to represent this

taking place in fig. 8. The asters go first, while the central

spindle still remains intact. This seems to show that the

substance ol the spindle is of firmer texture than that ot' the

asters and centrosphere ; and this is borne out, as I have

mentioned, by the actual appearance of the archoplasmic

substance of the asters as compared with the sharp, definite

structure of the spindle. The yolk-granules adhere and

seem almost a part of the archoplasmic substance of both

asters and spindle, the amphiaster really appearing as a mass

of brown yolk-granules held together by the thread-like

archoplasmic substance. As the spindle begins to dissolve

the yolk-granules can be seen being liberated from the trans-

parent substance of the archoplasm and moving away in the

sea-water. In fact the whole process of the dissolution of

the amphiaster, as seen under an oil-immersion lens, is similar

to that of some gelatinous substance slowly dissolved by the

action of sea-water. That the spindle has some considerable

rigidity is borne out by the fact that it keeps its shape, and

can be seen rolling over and over as it is drawn along in the

sea-water. It shows no tendency at first to flatten under the

pressure of the cover-glass. This is always considerable,

although its corners ai-e supported as much as possible by wax

feet, as the capillary attraction invariably draws the cover-

glass down somewhat in the middle. It is not till the spindle

has begun to dissolve that this rigidity is lost, when it under-

goes flattening. It at the same time becomes more trans-

parent, the archoplasmic threads appearing as if actually

undergoing dissolution by the sea-water, leaving the dark
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yolk-granules behind them aiTang-ed in positions that had

previously been held by the arclioplasm. There is a short

period during which the spindle almost remains alone, the

astei's having completely disappeared from either end. It is

at this time trhat the spindle can be seen to roll over as it is

pushed farther and farther away from the point of rupture

in the body-wall by the escape fi-om the egg of fresh cyto-

plasm.

In a number of experiments I subsequently ascertained

that this rupture of the egg and extrusion of the spindle will

not occur if the egg is far back in the body-cavity. The
body-wall ruptures at its thinnest part, which is well forward

in the generative region. If the egg has to move forward

some considerable distance under pressure, before it can

begin to flow thi'ough the rupture the amphiaster is usually

broken and destroyed. It takes place most satisfactorily

when the egg is only a short distance from the point of

rupture of the body-wall. It can only be observed to occur

when the amphiaster itself is fully mature. When not fully

formed it dissolves immediately any movement of the yolk-

granules takes place. Unless, moreover, the rupture in the

body-wall is fairly large, the amphiaster is usuallj' broken

in the act of being forced through, being destroyed by the

granules pushing it through from behind.

In one instance the central spindle had the appearance of

being composed of a mass of distinct threads, some of which

on one side of the spindle had been injured and broken,

the yolk-granules appearing as small grains entangled in

these fibres.

I think this obseiwatiou clearly demonstrates the truth of

a suggestion that has been put forward, that the achromatic

threads and amphiasters are firm structures, or at least more

I'igid than the reticulum of the cytoplasm. Gardiner (10),

in his paper on the egg of Polychoerus caudatus, states

(p. 89), "That the amphiaster is much more rigid than the

surrounding cytoplasm is shown by two instructive prepara-

tions which were the result of accident. Ova containing
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ampliiasters in the stage now under discussion were ruptured

just before the worm containing them was placed in Hermann's

fluid. The cytoplasm had flowed or been pressed out of the

ovum, carrying with it the amphiaster. In both cases the

cytoplasmic network had been completely bent and twisted

into a confused snarl. The achromatic rays were somewhat,

but not nearly so much distorted, but the centrospheres were

almost unchanged. From this I infer that the amphiaster

and the rays are, on the whole, much more rigid than the

cytoplasmic network or the cytoplasm from which they are

formed." Evidently the same thing took place in this

instance as I have observed in Histriobdella, where the

large size of the spindle and the granular nature of the egg

renders the various steps in the process clearly visible under

the microscope.

By pricking the egg-membrane of Allolobophora, Foot

and Strobell (9) have been able to get the egg contents on

the slide, and there pliotograph it after fixation. " By this

method the germinal vesicle, and sometimes even the spindle,

flow out of the egg-membrane intact" (p. 201). Some

excellent photographs are shown of these in figs. 125-130

of this paper. In Allolobophora, as in Histriobdella,

the early stages of the first maturation division are gone

throuo-h by the egg while it is still within the receptacula

ovorum.

10. Conclusion and Slmmary.

Harmer (12) was the first to point out that Histriobdella

was more closely related to Dinophilns than to any other

Archiannelid, although Pierantoni (26), in his recent mono-

graph, has placed Histriobdella and Dinophilus as an

appendix to the PolygordidtB (including Protodrilus).

Schimkewitsch (28) has contended that Dinopliilus is closely

related to the Rotifers, and Haswell (13) has put forward a

similar claim for Histriobdella. In Histriobdella it is

certain that the parasitic mode of life has resulted in a

peculiar specialisation, which, combined with its direct mode
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of development, renders its relationship hard to determine,

and hides the primitive characteristics of its organisation.

That the Rotifers themselves are likewise a highly specialised

class of somewhat uncertain affinities is an opinion that is

gaining ground, since so much doubt has been thrown on their

supposed relation to the Annelid trochophore. The work of

Wesenberg-Lnnd (20) has shown that the most simple and

trochophore-like of the Rotifers are probably the most highly

specialised and the farthest removed from the Annelids. Yet

the clearly segmented plan of both Dinophilus and His-

triobdella, it must be admitted, is essentially similar to that

of a Chsetopod. This, combined with the clearly Polychajt

nature of egg-segmentation in Dinophilus, is sufficient to

place these forms in direct connection with the Annelids,

quite apart from either Protodrilus or Polygordius.
Under the heading of the various organs I have already

gone into a more or less detailed comparison of Histrio-

bdella with Dinophilus, so that it is only necessary to

review the subject here from a more general standpoint.

In both forms the animal consists of a distinct head and

trunk, the latter composed of relatively few segments. In

both the nervous system consists of a well-defined brain or

peuropile, and a double ventral nerve-cord, with metameri-

cally arranged ganglia. In Dinophilus these are formed

by transverse commissures, while in Histriobdella the two

parts of the cord unite directly to form the ganglia. The

external segmentation corresponds with that of the nervous

system. Dinophilus does not possess the feet, cirri, or

tentacles that so clearly mark segmentation in Histrio-

bdella. But the metamerism is less definitely shown by the

ciliated bands, mucus glands, and the ring-like constriction

of the body into a series of segments. On the other hand the

nephridia show a more matamerically placed arrangement than

they do in Histriobdella. In both (with the exception of

Stratiodrilus) the nephridia open to the exterior in the seg-

ment following that in which they arise, as in Annelids. In

Histriobdella the muscular system shows a very high
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degree of development, and for this reason can hardly he

compared witli that of Dinophilus; in hoth, however, the

main musculature consists in a series of longitudinal ventro-

lateral and dorso-lateral muscles. The alimentary canal shows

the same divisions, although differing considerably in the

relative proportion of its parts. The sti-ong chitinous jaws

are wanting in Dinophilus. In each the cavity surround-

ing the gut is a primitive blastocele with no definite epithelial

lining. This cavity sends prolongations into the head. The
equivalent of the coolom in both is repi-esented by the cavity

of the reproductive glands. In the male these consist of a

more oi- less paired testis, vesicuhe, vas deferens, and

median penis, and in the female a large ovarian cavity,

paired or nnpaired, with oviducts.

With Annelids Dinophilus shows a closer relationship

than Histriobdella, mainly due to its less direct develop-

ment. In fact the development of Dinophilus brings it

into line with that large gi'oup of animals such as thePoly-

chgetas, Echiuridse, Gephyrea, Laraellibranchs, and

the Gasteropoda, in having the ectoderm arising from the

first three quartettes, mesoderm from the left posterior cell of

the fourth quartette (4 d.), and the endoderm from the remain-

ing cells. In the derivation of a large part of the ectoderm

of the trunk from the posterior cell of the second quartette

the resemblance to the Pol3'cha3t Annelids is most pronounced.

This is further enforced in the origin of the bilateral cleavages

in the cross cells and in the products of 2 D. "The transition

from the spiral type of cleavage to the more specialised

bilateral type occurs in precisely the same directions as in

the Polychasts. Moreover the second bilateral divisions of

the cells of the posterior arms of the cross continue this

resemblance. All these characters, if such thev mav be

called, when viewed as a whole point in no uncertain way
to the descent from the Annelid stem, and at a point not far

fi'om that at which the Polychasta arose" (Nelson, p. 728).

The weio-ht of our evidence, furnished bv recent work on

the morphology and embryology of Dinophilus, is strongly
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in favour, therefore, of a close relationship with Annelids.

The general ciliation, the caudal appendage, ciliated rings,

nervous system, general configuration of the head, trunk, and

alimentary can^l are what are fonnd in a number of Annelids,

and most clearly in such a form as Ophyotrocha. Nelson

(25) has even suggested that the pre-oral nerve commissures

can be satisfactorily explained by deriving them from tlie

nerve-ring of the Trochopore. He comes to the conclusion :

" On the Avhole, Di nophilus can best be considered as a very

young Polychget worm, retaining some of its larval features,

with setae and parapodia undeveloped, and whose peritoneum

and coelom have been transformed into a generative organ"'

(p. 135).

The relationships of Histriobdella to Polygordius and

Protodrilus have been gone into fully by Foettinger (8),

Harmer (12), and Haswell (13), so I need not repeat their

arguments for this relationship here. It seems to me, from

the Archiannelid point of view, it is important to determine

what features of Histriobdella are primitive, and what

have been derived from its peculiar mode of life. Eisig (5)

has gone so far as to suggest that in Histriobdella we
have to do with a highly modified, possibly degenerate animal,

and not an Archiannelid at all. If Histriobdella is a

degenerate form then it must be a degenerate Chastopod as

Haswell (13) has pointed out. " If we are to take this view,

we must at the same time acknowledge that side by side with

the supposed degeneration, there must have gone on a special

development in certain directions; that, while the definite

characters of the segmentation became lost, a special set of

locomotor organs with an elaborate musculature became

evolved." "This view appears to me to involve difficulties

so great that they render the degeneration theory extremely

improbable, and it seems to me more in accordance Avith the

facts of the case to conclude that the Histriobdellidas are

reallv primitive Annulates, and that the rudiments of their

specialised features have been inherited from forms lower in

the scale" (p. 327).
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Apart from any degeneration I agree with Haswell (13)

that the relationship of Histriobdella with Polygordius
*'is extremely remote, and not such as to justify their inclu-

sion in the same class." The absence in Histriobdella of

a blood-vascular system, a distinct prostomium and peri-

stomium, the presence of mouth opening well forward in the

head, chitiuous jaws, and complicated generative apparatus

in the male, paired limbs, and mucous glands, clearly

separate it from Polygordius and Protodrilus, placing

it quite apart from these forms. With the Rotifers, on the

other hand the relationship is undoubtedly more pronounced.

Haswell has pointed out that all the main features of His-

triobdella can be traced to this class, although in general

features the resemblance is greater perhaps with the

Gastrorichia than with the Rotifers proper. The

chitinous jaws of Histriobdella can be readily homo-

logised with the mastix of Rotifers. In the absence of

solenocytes and the general similarity of the nephridia of

Histriobdella to the flame-cell type nephridia of Rotifers,

we have a further resemblance. In both the cuticle is firm

and shows a tendency to contract into ring-like folds. In

both, also, the generative organs, especially in the male, can

be reduced to the same plan.

In Paraseison we have a Rotifer not unlike Histri-

obdella in many of its features. The body is elongated and

worm-like, with a distinct head bearing the mouth at its

anterior extremity. In the middle of a very rudimentary

coronal disc which bears no ciliated apparatus ai-e four small

bundles of hairs, placed in two pairs. Behind the mouth are

found the orifices of two glands, similar to those found on the

anterior feet of Histriobdella. On the top of the head is

a small tubercle representing the dorsal median tentacle of

Histriobdella. There is a narrow oesophagus, which leads

into a large cylindrical stomach. There is no gut, and the

stomach, which is not ciliated, is definitely closed. But this

condition has plainly been evolved within the limits of the

ffenus, as it is not characteristic of other Rotifers. It is
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noteworthy that Paraseison, like Histriobdella, is para-

sitic, being found on the gills of the Crustacean Nebalia.
It is undoubtedly with such forms as Paraseison among the

Rotifers that Histriobdella must be compared. The
greatest objection to the comparison of Histriobdella with

the Rotifer is encountered in regard to the nervous system.

This in Histriobdella is already so elaborated, and of that

type found among the higher Annelids, as to be hardly com-

parable to the diffuse, and less differentiated, and centralised

system of Rotifers.

I cannot agree with Haswell that Zelinka's (36) discovery

of a sub-oesophageal ganglion in Callidina and Discopus
renders this comparison more easy. A further difficulty is

found in the absence of any true metamerism in the Rotifers.

This difficulty is possibly not so great when we consider the

arrangement of the transverse muscle-cells in such a rotifer

as Discopus synaptas. Leaving aside any comparison,

therefore, of the nervous system, it nevertheless remains a

fact that Histriobdella undoubtedly resembles the Rotifers

more closely than any other group of animals.

If Histriobdella is related to the Rotifers it becomes

necessary to determine the relationship of Dinophilus to

the same class. Schimkevvitsch (28) was the first to point out

the similarity of the caudal appendage in Dinophilus to

the foot of the Rotifer. In Dinophilus, as in the Rotifer,

this is used in attaching the animal. In both forms there is

a marked sexual dimorphism. But as Nelson (25) has pointed

out, the caudal appendage in Dinophilus i-esembles more

that of some of the polytrochal annelid larv« than the foot of

the Rotatoria, and the sexual dimorphism can have arisen

within the genus, as it is found in other groups of the

Annelida besides the Rotifers. One striking difference

between the Rotifers and Dinophilus is the apparent total

absence of a definite mesoblast in the Rotifers, while it is

clearly present in Dinophilus, where it has the same cell-

oi'igin as in Polychasts. In Rotifers the mesoblast would

seem to be represented by the germ-cells alone, and it is
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necessary to suppose tliat tlie Kotifers sepanited from the

main stem of tlie Annelida at a stage earlier tlian tliat of the

formation of a definite mesoderm, wliile Dinophilus arose

only after the coelo-mesoblast had definitely appeared. On
the whole, Dinophilns is not so closely allied to the

Rotifers as Histriobdelhi. Unfortunately our lack of

information with regard to the development of the coelo-meso-

blast in Histriobdella prevents our forming any opinion as

to how mncli it resembles the Kotifers in this i-espect.

It is remarkal)le with regard to the llotifers that, despite

their wide distribution and their great number of species, so

comparatively few marine forms should be known. What
has become of these if they have ever existed ? Are forms

like Belatro and Hemidasys (Claparede, 4), Turbanella
(Schultz, 29), or the Echinoderes (Zelinka, 37) to be looked

npon as the modified descendants of a marine branch of

these animals ? Here Ave have a marked metamerism coupled

with the main features that characterise both Histriobdella

and the Kotifers. It is possible that it is with some of

these somewhat obscure groups that the relationship of

Histriobdella really lies.

In conclusion, it may be stated that our present knowledge

does not warrant us farther than to conclude that Histrio-

bdella is a highly specialised form, retaining many Kotiferan

features, and that it is to be grouped with Dinophilus as a

primitive Annulate, but not directly related to Polygordius

and Protodrilus.

Summary.

(1) Histriobdella liomari is a normal inhabitant of the

branchial chamber of the European lobster. It is found in

equal numbers throughout the year, on both the male and

female.

(2) The anterior feet of the head, unlike those of Stratio-

drilus, are non-retractile.

(3) There are four pairs of nephridia in both sexes. They

are closed, and are of the primitive flame-cell type similar to
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those of Rotifers. Unlike those of Diiiophilus, they bear

no solenocytes.

(4) There is a pair of salivary glands in connection with

the mouth.

(5) There are fewer teeth in the jaw-apparatus than^

Foettiuger has represented.

(6) The ventral nerve-cord is composed of two portions,

which separate in the intersegmental to unite in the

segmental regions, in prominent ganglia. The metamerism

of the nervous system corresponds with that of the external

form.

(7) In the male there is a complicated generative apparatus.

It is similar in all respects to that of the male generative

apparatus in Stratiodrilus.

(8) Fertilisation takes place internally. The largest egg is

usually seen in the prophase stage of the first niatunition

division. The amphiaster and the spindle can be seen to

pass out through the body-wall with the cytoplasm, when the

egg is ruptured by pi'essure. It remains for some seconds

intact in the sea-water surrounded with yolk-granules.

(9) In the equatorial plate there are eight chromosomes in

the first maturation division.

(10) Histriobdella is to be placed close to Dinophilus.

It retains many Rotiferan features, and is more closely con-

nected with this group than Dinophilus. Histriobdella

and D i n o p h i 1 u s show distant relationship with Polygordius
and Protodrilus, but cannot be classed with them as true

Archiannelids.
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EXIM.ANATION OF PLATES 17—20.

lUustratit)^ Mr. Cressvvell Shearer's paper "On the Anatomy
of Histriobdella Homari/'

Lettering.

ac. Accessory j^lands of the male reproductive apparatus, an. Anal

aperture. ap. p. Appendage of the posterior leg. hie. Blastocoelic

cavity. hi. m. Muscular organs of jaws. hr. Bridle piece of jaws.

hrn. brain, cd. g. 1-cd. g. 3. Ganglia of the caudal region, cl. Clasper.

cl. p. Ciliated pit of the head. cce. Coeloni. cce. ep. Cceloniic epithelium.

coin. Nerve commissures. /. Fulcrum of jaws. fol. Follicle cells. Jgl.

Flagella of the nephridial canals, g. \-g. 5. Ganglia of the ventral neiTe-

cord. gl.cl. Gland-cell of clasper. gr.g. Gi-anule gland. ?«<. Intestine.

int. 2. Intestine, postei'ior part. j. Jaws. j. 1. Upper ramus of jaws.

j.i. Lower ramus of jaws. La. Anterior legs or feet. I. p. Posterior

legs. i». Mouth. )a.d. Dorsal longitudinal muscles, m.d.p. Median

duct of the penis, m. gl. Salivary glands of the mouth, m. oh. Oblique

muscles, m.v. Ventral longitudinal muscles, h. <". Ventral nerve-cord.

neph.l-ueph.-i: Nephridia. neph.c. Nephridial canals, nepli.h. Head

of the nephridium. nepli. o. Opening of the nephridial canal on the

external sui-face. neph.s. Spaces on the course of the nephridial canals.

OPS. (Esophagus, o. im. Immature ova. or.jy. Orifice of the penis

sheath, or. Ovary, ovd. Oviduct, p. Penis. >: Ramus of upper jaw.

sprm. Spermatidia. sj^c. Spermatocyte, st. Stomach, t. 1. Median

tentacle, f. 2 and /. 3. Lateral tentacles, te. Testis, th. Teeth, v. def.

Vas deferens, ves. Vesicula seminalis. vn. c. Ventral nerve-cord. vit.

Vitellarium or shell-gland.

PLATE 17.

Fig. 1.—Female Histriobdella with eggs. The largest egg shows

the presence of a maturation amphiaster x 3(.)0.

Fig. 2.—Clasper extended.
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Fig. 3.—Third and foiii'th nepliridiuni in the female. This and all

the subsequent fij^ures of the nephridia have been drawn from living

preparations impregnated with methyl-blue ; 12 mm. oil-immer., comp.

DCS. 4 and 6. x oOO and x 1000.

Fig. 4.—Third nephridium in the male.

Fig. 5.—Third nephridium in the male.

Fig. B.^Second nephridium in the male.

Fig. 7.—Male Histriobdella with claspers retracted, x 300.

PLATE 18.

Fig. 8.—Rupture of an egg through the Ijody-wall in a living prej)ara-

tion by compression of the cover-glass. The first maturation amphi-

aster is seen outside the body-wall in the sea-water, x 300.

Fig. 9.—Male with claspers extended, x 300.

Fig. 10.—Third and fourth nephridium in the male. X 800.

Fig. 11.—Generative segment in the male. Taken from a living

preparation, showing the reproductive organs.

Fig. 12.—Fourth nej)hridiuni in the male, x 800.

Fig. 13.—Fourth nephridium in the male. Segment contracted.

X 800.

Fig. 14.—Second nephridium in the female. X 800.

PLATE 19.

Fig. 15.—Reconstruction of the nervous system in the male, showing

the dorsal ciarve taken by the ventral nerve-cord in the region of the

penis. Lateral view, x 300.

Fig. 16.—Young in egg-capsule.

Fig. 17.—Young in egg-capsule. Earlier stage than that shown in

fig. 16.

Fig. 18.—Oocyte with first maturation amphiaster. This, with the

subsequent figures, 19, 20, 26, and 32, are all drawn from the same egg-

cell. They show the changes of shape assumed by the egg in the move-

ments of the animal. They were drawn at intervals of from ten to

twenty minutes.

Fig. 19.—Oocyte, same as that shown in fig. 18, drawn twenty minutes

later.

Fig. 20.—Oocyte, same as that of fig. 19, fifteen minutes later.
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Fig 2i.—Reconstruction of tlie'nervous system in the female. The
brain surface is measured from the ganglion cells and not from the

fi!n-ous core. Ventral view, x 300.

Pig. 22.—Sagittal section in the female showing the sac-like nature

of the ovarian cavity.

Fig. 23.—A cell of the accessory gland of the male.

Fig. 24.—Transverse section in the male in the region of the penis.

X 400.

Fig. 25. — Eggs attached to the membranes of the lobster " beny."

Fig. 26.—Oocyte twenty minutes after that shown in fig. 20.

Fig. 27.—Spermatidia.

Fig. 28. — Reconstruction of the nei-vous system of the male.

Venti-al view, x 300.

Fig. 29.—Longitudinal section of the wall of the intestine in the

posterior region.

Fig. 30.—Young, a short time after hatching. X 300.

Fig. 31.—Section through the generative region in the male showing

the granule glands.

Fig. 32.—Oocyte twenty minutes later than fig. 26.

PLATE 20.

Fig. 33.—Transverse section in the male through the region of the

vesicuht seminales.

Fig. 34.—The same. In a region a little posterior to the last.

Fig. 35.—Transverse section through the middle of the generative

I'egion in the male.

Fig. 36.—Chitinous jaws.

Fig. 37.—Horizontal section in the male.

Fig. 38.—Transverse section through the middle of the second

segment.

Fig. 39.—Transverse section through the anterior region of the

generative segment in the male, showing the divided nature of the

anterior portion of the testis.

Fig. 40.—Transverse section thi-ough the posterior region of the

generative segment in the male.

Fig. 41.—Transverse section through the dorsal region of the body-

wall in the caudal segment, showing the insertion of the obliq[ue muscle-

fibres.



ON THE ANATOMY OF HISTKIOBDELLA HOMARE. 359

Fig. 42.—Horizontal section through the region of the first segment
in the male, showing the head of the first nephridium.

Fig. 43.—Transverse section through the neck region.

Fig. 44.—Transverse section through the caudal region, showing ti.e

oblique muscles.
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Introduction.

The observations to be recorded in this paper were com-

menced in March, 1905. Tliey originated in an attempt to

find a general method for rearins: marine larval forms.

Several investigators had previously succeeded in rearing

eohinoderms, molKiscs, and poljchtetes fi'ora artificially

fertilised eggs, under laboratory conditions, but the process

was generally difficult and the results more or less uncertain.

The most promising method seemed to be that adopted by

Cnswell Grave (26), who was able to rear his larva3 by feed-

ing them on diatoms. Grave obtained his diatoms by placing

sand, collected from the sea bottom, in aquaria, and using

such diatoms as developed from this material. All the

uiethods, however, suffered from the uncertainty of not
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knowing what organisms were introdnced into the acjuaria in

which the larva? were to be reared, either in the original sea-

water or along with the food supply.

It appeared, therefore, at an early stage of the work, worth

while to make an attempt to carry out rearing experiments

on a more definite and precise plan, to endeavour, in fact, to

introduce the larvae to be reared into sterile sea-water, and

to feed them with pure cultures of a suitable food. This was

the ideal to be aimed at. As a matter of fact it has seldom,

if ever, been attained in practice ; nevertheless, a consider-

able measure of success has been achieved by working upon

these lines, and during the course of the Avork innumerable

problems relating to the physical conditions under which

plankton organisms can best flourish have presented them-

selves. Some account of the experiments made may be of

interest to other workers, although nmny of the problems

raised are not yet solved, notwithstanding tlie fact that some
1500 cultural experiments have been under observation. It

is rather with a view of stimulating other work upon similar

lines than of bringing forward conclusive results, that this

paper is being published.

In the summer of 1907 Mr. E. W. Nelson became associated

with the investigation, and since that date the experimental

work has been carried out by him. The discussions in this

paper of a more chemical character, particularly the section

on alkalinity, are almost entirely the work of Mr. Nelson, and
we have both had throughout the advantage of the constant

advice and help of Mr. D. J. Matthews on all such matters.

I. Culture op Plankton DiatomsI

(a) Practical Culture Methods.

1. MiquePs Method.— Attention was first directed to

the culture of plankton diatoms ; and the methods, which
had been elaborated by Miquel (11) for fresh-water diatoms

a.nd had been found by him to succeed with marine bottom
diatoms, were tried.
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The essential features of Miquel's method, as applied to

marine diatoms, are as follows :

Two solutions are prepared :

Solution A.

Magnesium sulpliate .

kSodium cliloride

Sodium sulphate

Ammonium nitrate .

Potassium nitrate

Sodium nitrate .

Potassium bromide .

Potassium iodide

Water ....
Solution B.^

Sodium phosphate

Calcium chloride (dry)

Hydrochloric acid

Ferric chloride .

\Yator 80 c.c.

Forty drops of solution A and ten to twenty drops of solu-

tion B are added to each 1000 c.c. of sea-water, and the sea-

water is sterilised by keeping it at 70° C. for about twenty

minutes.

According to Miquel it is also necessary to add " organic

nutritive material in the form of bran, straw, or filaments of

^ " The preparation of sohition A presents no difficulty. Solution B
sliould l>e made up as follows : To tlie sodium phosphate dissolved in

40 c.c. of water are added first the 2 c.c. of hydrochloric acid, then the

2 c.c. of hydrous ferric chloride, and then the 4 grm. of calcium

chloride dissolved in 40 c.c. of water, taking care to shake the mixture,

which I call phospho-ferro-calcic solution. The addition of this last

solution to the maceration throws down a slight brownish flocculent

precipitate, formed for the most part of ferric oxide, which should be

carefully sepai'ated from the liquid used for cultivations."

- ' Acid chlorhydrique pur :\ 22"." Presumably meaning degrees

Baume = sp. gT. Il(i9.

s i- Perchlorure de fer liqi;ide a 4-5°.'' As above = sp. gr. 1421.

. ]0
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weeds, such as Zostera. Macerations of these should be made
up separately some time before they are required for use,

and should be carefully filtered and sterilised. Organic

matter must, however, be used very sparingly, or else putre-

faction will set in and the cultures will be irrevocably lost."

As a matter of fact we have found that such organic infusions

are unnecessary when dealing with plankton diatoms, and it

has not been our practice to employ them (cf., however, p. 392).

Miquel obtained cultures of single species of diatoms either

by picking out individual diatoms under the microscope and
introducing them into the prepared water, or by adding a,

small quantity of water containing a mixture of diatoms and

other organisms to some prepared Avater, and subdividing

this into a number of tubes. If the subdivision has been
carried out sufficiently some of the tubes may contain one

kind of diatom only, from which fresh cultures can be made.

In this way, by repeated subdivision, cultures can be obtained

which, by inoculating fresh quantities of prepared water from

time to time, may, with care, be maintained indefinitely. Such
cultures, however, must practically always contain bacteria,

and Miquel distinguishes them frotn bacteria-free cultures,

which he terms " cultures des diatomees a I'etat de purete

absolue." The latter he found very difficult to obtain, but

through repeated washing in sterile water, followed b}^ frac-

tional subdivision, he succeeded in getting- some in which he

could find no trace of bacteria by ordinary bacteriological

methods (Miquel [11], p. 155; cf. also Richter [16-18]).

We propose to call any diatom culture which can be'

carried on practically indefinitely by inoculating fresh

supplies of prepared water a "persistent" culture, the

term "pure" culture being reserved for cultures which

can be proved to contain not more than one organism. We
are not satisfied that we have yet succeeded in obtaining

cultures of the latter kind. For the most part our persistent

cultures contain one species of diatom only, and are free fmm
all organisms larger than small flagellates. '

''
"^

In our earlier experiments with plankton diatoms Wei

VOL. 55, PART 2. NEW SERIES. 24
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obtained persistent cultures, containing a single species of

diatom, by both of the methods recommended by Miquel. We,
however, have i-arely succeeded ])y picking out single diatoms

or chains of diatoms, for although we have passed the selected

diatom through several changes of sterilised sea-water, the

resulting cultures, even when the diatoms have multiplied to

some extent, have generally shown evidence of contamination

by harmful organisms, and have soon died down. Only in

one of the earliest experiments, and in one more recent, has

complete success resulted. In the first case a small chain of

six or eight frustules of Skeletonema costatum, picked

out in April, 1905, gave rise to a culture which still persists

(November, 1909). Subcultures can still be obtained even

from the original flask inoculated in April, 1905. In the

second case a chain of eight or nine cells of Chaetoceras

densum, picked out from a Petri dish culture, has given a

particularly good growth.

The method of dilution and subdivision has been more suc-

cessful, and persistent cultui'es of a number of species have

been obtained in this way.

A more ready method of obtaining the cultures is, we have

found, to add one or two drops of plankton to, say, 250 c.c.

of a suitable sterile culture medium, and to pour this into

shallow glass dishes (Petri dishes). The dishes should be

placed in a position as free as possible from vibration, and

where they can be easily examined with a lens in situ. The

temperature should be kept as constant as possible and the

dishes exposed to light of moderate intensit}', direct sunlight

being avoided. In the course of a few days, colonies of

diatoms of different species will be seen at different spots on

the bottom of the Petri dishes. These can be picked out

with a fine pipette and transferred to flasks containing fresh

culture medium. The colonies should be picked out from the

Petri dishes at as earl}' a stage as possible, because if left too

long some one organism, a diatom or a flagellate, may have

multiplied so rapidly that the whole of the water in the dish

becomes infected with it. In this case persistent cultures of
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a single species would not be obtained. The above method is

similar to one described by Miquel, excepting that he placed

gelatinous silica at the bottom of the vessel. Some very

successful persistent cultures were obtained from the follow-

ing experiment, which will serve to illustrate the method : A
sample of plankton, from a very fine-mesh bolting-silk tow-net,

was diluted down with sterile sea-water, until a single drop

examined under a f in. objective contained on an averag-e

ten organisms, chiefly diatoms, of various species. Petri

dishes (4 in.), containing 60 c.c. each of Miquel sea-water,

were then inoculated Avith various numbers of drops of the

diluted plankton. The two dishes, to which two and three

drops respectively were added, gave the best results, and
from these persistent cultures of several species of diatoms

were obtained. Hence we may conclude that the most advan-

tageous number of single cells or short chains of cells to be

added to a 4 in. Petri dish, containing 60 c.c. culture medium,

is about twenty to thirty.

We have succeeded in obtaining the following species of

plankton diatoms in persistent cultures :

Aster ionella japonica Cleve.

Biddulphia mobiliensis (Bail.) Crrun.

Biddulphia regia (M. Schultze).^

Chaetoceras densum Cleve.

Cheetoceras decipiens Cleve.

Chsetoceras constrictum Gran.

Cocconeis scutellum Ehr. var. minutissima Grun. ,

Coscinodiscus excentricus Ehr.^ i

Coscinodiscus Granii Gough.

Ditylium Brightwellii (West) Grun.

Lauderia borealis Gran.

Nitzschia closterium W. Sm.

Nitzschia closterium W. Sm. forma minutissima.
Nitzschia seriata Cleve.

Rhizosolenia stolterfothii H. Perag.

1 See p. 413.

» See p. 412,
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Skeletonetna costatum (Grev.).

vStreptotheca thamensis ShruVjs,

Thalassiosira decipiens Grun.^

• It is hardly necessary to add that in dealing with these

cultures similar precautions to those used in bacteriological

work must be taken, all vessels and instruments being care-

fully sterilised before they are brought into contact with the

piepared sea-water. The cultures are best made in small,

wide-mouthed flasks, which may be plugged with cotton-wool,

or simply covered with watch-glasses. The flasks should be

kept at as uniform atemperature as possible (from 12*^-17° C.)

and should be exposed to strong daylight, direct sunlight

being avoided. A fiask should not be more than half filled

with culture fluid, so that the surface exposed to the air may
be large in proportion to the volume of fluid.

Other Methods.—The addition of the solutions devised

by Miquel to sea-water has in all cases given us good cultures

of diatoms, and the method is certain in its action. We have,

however, made numerous experiments by treating sea-water

in other ways, with a view to finding out what are the best

conditions under which plankton diatoms will grow, and of

arriving at some explanation of the action of the different

salts contained in j\Iiquel's solutions.

2. Houghton Gill's Method.—H. Houghton Gill (5),

a contemporary of Miquel, made use of a culture medium not

essentially different from that employed by the latter. Unfor-

tunately he died before publishing his work, but an account

of his principal results is given by Van Heurck. In his final

ii^ethod Houghton Gill made use of four distinct solutions, as

follows

:

Solution 1

.

Crystallised sodium phosphate

Calcium chloride . .

Syrup of iron chloride

Strong hydrochloric acid

Water . . ...
1 See p. 412.

2 grm
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Solution 2.

Crystallised magnesium sulphate

Crystallised sodium sulphate .

Crystallised potassium nitrate

Common salt (sodium chloride)

Potassium bromide .

Potassium iodide

Water .....

4 grm.

4

4

8

0-2 „
0-2 „

100 „

Solution 3.

Crystallised sodium carbonate

Water .... 4 grm.

100

Solution 4.

Well-washedj precipitated calcium

silicate . . . . .25 grm.

Water 75 ,,

All the salts employed must be chemically pure. Three

c.c. of each of these liquids are added to 1000 c.c. of fresh

water or sea-water (according to circumstances), and the

whole sterilised. In his earlier work Houghton Gill added a

sterilised infusion of grass or of diatoms, but it is not clear

from the accounts whether this was still employed with the

above solutions. We have obtained very good cultures with

the above solutions, to which we did not add any organic

infusion.

3. (a) Modification of Miquel's Method: "Miquel
Sea-water."—Since several of the components in MiquePs

formula for solution A (p. 363) are obviously unnecessary

when sea-water is being used as the basis of the culture

medium, we adopted for our own work the following modifica-

tions : After some preliminary experiments it was found,

as would be expected from the composition of sea-water,

that the only salts of value to the medium are the three

nitrates KNO3, NaNOs, NH^NOg, and possibly KBr and KI.

The omission of the two latter was soon found to make no
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difference. Experiments also showed that the formula for

solution A could, without any appreciable detriment to

results, be further simplified to the one salt KNO.5 or NaNO^,
but not NHjNO.j. At first the amount of KNO.^ dissolved in

100 c.c. distilled water, used to make the modified solution

A, Avas the same as the sum of the weights of the nitrates in

Miquel's own formula, viz. 5 grm. But later experiments

showed that a considerably greater concentration of KNO3
than this gave more lasting cultures; the strength of solu-

tion and amount to be added to a litre of sea-water iu

order to obtain the best results being 2 c.c. 2 M KNO3.
In the case of solution B no modification has been adopted,

but it has been found that small variations iu the amounts of

the ingredients used do not affect the results. A convenient

method for measuring the right amount of FeCl.5 is to warm
the salt until it just melts in its own water of crystallisation,

and to pipette out 2 c.c. with a previously warmed pipette.

No temperature corrections need be considered. Also 2 c.c.

of the ordinary pure concentrated hydrochloric acid at room-

temperature will suffice.

Our own formula for preparing Miquel sea-water is now :

Solution A.^

Potassium nitrate, 20*2 grm. 1 _ .^ ^r ij-fjf)

Distilled water, 100 ,, J

Solution B.-

Sodium phosphate (Xa.HP0^12H.O)

Calcium chloride (CaCL6H.O) .

Ferric chloride (melted)

Hydrochloric acid impure concentrated)

Distilled water ....
' This strength has only lieeu used in the most recent experiments

;

and solution A in this paper, unless otherwise stated, means the 5 96

solution of KXO3.
- For preparing this solution see p. 364.

4
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To each 1000 c.c. of sea-water^ add 2 c.c. solution A and

1 c.c. solution B and sterilise by heating to 70° C. When cool,

decant off the clear liquid from the precipitate, which will

have formed when solution B is added to the sea-water.

As a rule our cultures were made in 60 c.c. of this medium
contained in short-necked, wide-mouthed flasks of 125 c.c.

capacity, so that the proportion of air-surface to volume of

liquid was large.

The medium was found to give constantly satisfactory

results. On inoculation from a persistent culture of such

diatoms as Thalassiosira, Skeletonema, Chsetoceras,

etc., a growth visible to the eye is obtained in about ten days,

and then multiplication takes place very rapidly. In from

three weeks' to a month's time a very considerable growth will

be seen making a brown, flocculent mass at the bottom and

back of the vessel containing the culture.

In from two to four months the culture begins to show

signs of exhaustion and the frustules lose colour, but they do

not, as in the case of sterilised outside and tank-water, com-

pletely die off. A great number certainly do die, but some

remain in a resting condition, and often, after a period of six

months or so, these begin to multiply again and the culture

regains its former vigour. This is probably due to the food-

stuffs contained in the dead frustules going into solution again,

possibly by means of bacterial action. This periodicity in

cultures is interesting in that it resembles what takes place in

the ocean. Cultures in this medium will persist indefinitely,

so far as our experience goes. The oldest culture in our

possession is one of Skeletonema costatum made at the

very commencement of this work, dated April, 1905. Although

the frustules in this culture ai-e quite unrecognisable as any

diatom now, on making a subculture in fresh Miquel a normal

and healthy growth can always be obtained.

In old cultures the diatoms are nearly always found to be

very much deformed, and often appear to be only a mass of

1 " Miqiiel water " seems to succeed equally well, whether it is made

by adding Miquel's solutions to "outside water" or to "tank-water."
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broken-down chromatophores. AVliether regeneration can be

successfully obtained from a single chroinatophore, which

must presumably be contained within a cell-wall of some

kind, has not been definitely decided, but results seem to

point in this direction.

At the start of a culture a tendency to teratological forms

is often exhibited, but when the growth is well advanced, the

shape of the frustules is nsually quite normal.

(b) English ChannelWater ("Outside Water").—In
a large number of our experiments sea-water brought in from

outside the Plymouth breakAvater, and therefore taken at some

distance from the shore, has been used. This is referred to as

"outside water." It has an average salinity of about 35'0 °/qq

and the temperature range for the year is from 8° to 10° C.

If a sample of "outside water" is inoculated from a persis-

tent culture of a plankton diatom, a small growth is obtained

in from five to fifteen days. But soon minute bottom forms of

diatoms, other algaj, flagellates, infusoria, etc., ap])ear, and the

inoculated species is lost. The total growth of any form is

never large. If the growth of these foreign forms is pre-

vented by sterilising the water before inoculation, a consider-

ably better growth of the plankton form is obtained. The
water was, as a rule, sterilised by simply heating to 70° C,
which temperature was found to be quite adequate. Boiling

gave equally good results, but the former was preferred, as

less concentration due to evaporation took place. Even
under these conditions no permanent culture can be obtained,

the diatoms soon beginning to lose colour and getting into an

exhausted condition. Death takes place in from two to three

mouths after tlie culture has been started, and in manv cases

considerably sooner. Long before inability to start new
cultures, the test of death, has been established, the valves

appear on examination quite colourless and practically empty.

Samples of outside water, taken at times when the quantity

of plankton was widely different, gave no appreciable varia-

tion in the results obtained by culture methods. It is, how-

ever, doubtful whether differences in the amounts of growth
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ill cultures, proportional to the seasonaj variation in the

quantity of phytoplankton, would be sufficiently marked to

be appreciable.

The total growth under cultural conditions, although small

for a culture, is very much greater than any natural plankton

that has come within our experience.

(c) Tank-Water.—"Tank-water," or water taken from

the supply of sea-water circulating through the tanks of the

Aquarium at Plymouth, shows some striking and interesting

differences from " outside water." This water is pumped up

from the sea, just below the Laboratory, into two large,

covered-in, settling reservoirs, with a capacity of 50,000

gallons each. Pumping is only done at higli-water spring-

tides, so as to get the least contaminated water, and no water

is pumped that does not show" a specific gravity, measured

with a hydrometer, of
i>^'-'

= 26-00 (S = 34-00) or over. The

water is allowed to settle for about a fortnight before being

used for the general circulation.

The tanks themselves are made of slate and glass, and the

pipes which convey the sea-water to them are of vulcanite,

so that the water does not come in contact with metal,

excepting in the pumps, which are of cast iron. The two

settling reservoirs are used alternately for about a week each.

From time to time, tide and water allowing, waste is re-

plenished, and about twice a year each reservoir is emptied,

cleaned out, and refilled. The aquarium takes about 20,000

gallons, and this is in circulation with one of the two 50,000

gallon reservoirs. An estimate of the amount of life in the

tanks of the aquarium must be exceedingly rough, but the

intensity of the larger forms of life is far greater than any-

thing met with in natural waters. About 500 fish and 2000

invertebrates, including all forms as large as an Actinia

equina, might be somewhere near the mark. So it will be

seen that the accumulation of excretory products must be a

by no means negligible factor. The flora of the tanks is very

restricted, and is chiefly composed of minute forms of algae.

Minute naviculoid diatoms, Ectocarpus, Cladophora,
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Entei'omorplia, Vttucheria, and unicellular algse are the

commonest forms. The large seaweeds, such as Fucus and
Laminaria, do not live long if introduced. Plankton

diatoms, although a great number must be pumped up when
the reservoirs are being filled, are not represented.

As in the case of outside water, a sample of '* tank-water,"

inoculated from a persistent culture, will only give a very

small growth, minute forms, etc., soon multiplying and
choking out the plankton form. The ultimate growth of

minute unicellular algte other than diatoms is often con-

siderable, and many quite unknown and unidentified forms

have been obtained. The total growth of vegetable forms is

always found to be greater than iu the case of outside water.

In cultures of plankton diatoms made with sterilised tank-

water, a very great improvement on outside sterilised water

was always noted. The culture of the diatom used to inocu-

late this medium persists for a considerable period, and the

coloui of the frustules remains normal for two to three months.

(d) Animal-Charcoal Water.— The use of animal

charcoal, as a means of purifying the water in small aquaria,

has for a long time been known and practised by those who
have kept such aquaria in inland places. At an early stage

iu our experiments, water from a tank, which was not in

a satisfactory condition, was treated with some powdei'ed

animal charcoal and filtered. It was noticed that a good

growth of diatoms took place in this water. Systematic experi-

ments with the use of animal charcoal were then commenced,

and these have resulted in a method of great value, both for

the culture of diatoms and for the rearing of pelagic larvte.

Animal charcoal is made by the carbonisation of bones,'

' Aiitdysis of animal charcoal, from Thorpe's " Dictionaiy of AppUed
Chemistry "

—

Carbou . . . . . . lOol

Ca., Mg. phosphates, Ca. fluoride, etc. . . 80'21

Calcium carbonate .... 8"30

Other mineral matter .... 098

10000
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and is sold in two g'i*ades known as "pure" and "commercial."

Our earlier experiments were all made with "pure" animal

charcoal, but subsequently the " commercial " animal char-

coal was largely used, and appears to give equally good, if not

better results. In both cases the animal charcoal is used in the

powdered form. Animal-charcoal water is prepared as follows

:

(1) A quantity of sea-water is sterilised by heating it in

a flask to 70° C, at which temperature it should be kept for

about twenty minutes. At the same time some animal

charcoal is heated sufficiently to sterilise but not to burn it,

covered over, and allowed to cool. When both are quite

cold the charcoal is added to the water (ca. 15 grm. to

1000 c.c), and well shaken up in it several times. After

an interval of half an hour or more the water is filtered

through fine filter-cloth,^ the whole filter having been first

sterilised with boilinu: sea-water, and is received in a sterile

flask. It is then ready for use.

(2) For many experiments, where larger quantities of water

were required, the sea-water was not sterilised before being

treated with animal charcoal. In this case, it" the first part

of the filtrate be rejected, the subsequent water will generally

be practically sterile, and few, if any, extraneous organisms

will develop in it.

(3) At a later date an automatic apparatus was set up in

the Plymouth Laboratory, by which very considerable quanti-

ties of sea-water could be treated with animal charcoal, and

subsequently filtered through a "Berkefeld" filter; water

treated in this manner we call "Berkefeld water." Tank-

water Avas always used in this apparatus, and was mixed with

animal charcoal," in a clean sulphuric acid carboy, by Mowing

air through Avith a pair of bellows. The mixture was allowed

to settle for at least twenty-four hours, and then syphoned

' The filter-cloth iised for this jnirpose is the same as is made for use

in filter presses, and is known as extra-super swansdown. To prevent

this becoming clogged another cloth, known as hydraulic twill, was, as

a rule, used over it.

" Ca. 300 grm. to 20 litres o£ water.
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over into au inverted bell-jar, with a tubulure at tlie bottom,

into which the Berkefeld candle was fitted. Filtration under

these conditions was found to be rather slow, so in order to

increase its rate an apparatus was devised by which the

pressure on the filter was considerably augmented.

This apparatus (see Fig. 1) consists of a glazed earthenware

'' tobacco jar," with two tubulures, one at the side, the other

at the bottom, and a lid which can be screwed down tightly

on to a rubber washer, by means of a triangular metal

arrangement fitting into grooves above the lid.^ The internal

Fig. 1.—Dia;4ram of apparatus for pi'eparing sterile sea-water

l)y filtration, without contact with metal.

dimensions of our jars are 1 1 in. by 6 in., and the diameter of

the opening at the top is 3| in. The tubulures are coned,

with the smaller diameter external, and make a good fit for a

No. 8 rubber bung. When setting up this apparatus a bung,

through which a short glass tube bent at right angles is

passed, is fitted into the side tubulure. This tube is con-

nected, by means of rubber pressure-tubing, to another glass

' These jars were made to our specification by Messrs. Price, Powell,

and Company, Bristol. The clamps usually supplied with such jai-s are

not strong enough to obtain a tight joint. Ijnt these are easily replaced

by stronger ones.
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tube leading down from the bottom of a small inverted bell-

jar, placed some height above (in our case 14 ft., which gives

a pressure of ca. G lb. to the square inch inside the jar). A
screw pincli-cock on this connection serves as a tap. The

carboy containing the treated water stands just above the

bell-jar, and is fitted with a tightly fitting rubber bung,

through which two tubes pass. One is an ordinary syphon,

the other the only air-inlet into the carboy. This latter auto-

matically keeps the level of the water in the bell-jar constant,

by closing the air-inlet as soon as the water covers the end

of the tube. When filtering water the modus operandi is

as follows : The carboy is filled with tank water, treated, and

alloAved to settle as before. The Berkefeld candle,^ bung,

delivery tube, and connections (see fig. 1) are sterilised by

boiling for half an hour, and fitted into place from within.

(The delivery tube is shaped so that any drops of water,

accidentally running down outside it, do not enter the vessel

receiving the filti-ate ; and the jar should be large enough to

allow the hand to fit the filter into place without much

trouble.) The pinch-cock is closed, and the syphon from the

carboy started, whicli will automatically stop if the bung htis

been properly fitted. This should be watched to avoid acci-

dents. The pincli-cock is tben opened until the water rises

in the jar well above the top of the candle, but still leaving

some air-space. The lid can now be fitted into place and

screwed down. The tightness of this joint can be tested by

pouring a little water into the crack round the lid, and

observing if any bubbles are formed when the pinch-cock is

opened. If all is right, no bubbles will be seen, and a good

stream of water will flow out from the delivery tube. Our

apparatus will filter about 20 litres an hour, and the filtrate

is exceptionally bright and clear. The candle should be

sterilised every three or four days that the apparatus is in

use to avoid indirect contamination by growths of organisms

through the substance of the filter.- The water while passing

^ No. 5 porcelain mount, length 8 in., diameter 2 in.

2 See Bulloch and Craw, ' Joiirn. of Hygiene,' vi. No. 3 (1906), p. 409.
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through this apparatus only comes into contact with glass,

earthenware, and rubber, the use of metal having been pur-

posely avoided.

(e) Peroxide of Hydrogen Water.—As it seemed

probable that the action of animal charcoal was due to contact

oxidation with the oxygen occluded in the charcoal, experi-

ments were made to determine whether a similar effect could

be produced by the use of hydrogen peroxide (HjOo). This

was used in two ways. In the first method a sufficient quantity

of HoO;3 was added to the sea-water to ensure complete

sterilisation (1 c.c. of H^Oo of twenty vols, strength per 1000

c.c. of tank-water was found to be satisfactory), and the

excess of HnOo was decomposed by adding manganese dioxide.

Tiie water was then filtered through filter-cloth, and the

filtrate appeared to remain quite sterile. Good cultures of

Chaetoceras constrictum, Biddulphia mobiliensis,

and Skeletonema costatum were made iu tiiis water,

which seemed to be as good as water treated by the animal

charcoal method.

The second way of using the peroxide of hydrogen was to

start with water sterilised by heating to 70° C. and to add to

this HoOo, in small quantities at a time, until its presence

could just be detected on testing the sea-water with perman-

ganate of potash. In these circumstances, the first amounts

of HnO^ are decomposed iu the oxidation of organic substances

in the water, and a very slight excess of H^Oo persists. For

tank-water 1 c.c. of one vol. HoOg per 1000 c.c. was found to

give the best general effect. Cultures grown in water

prepared in this way developed satisfactorily, being practi-

cally equal to those made in animal-charcoal water, but they

became exhausted rather quickly.

The treatment of aquarium water with ozone was also tried,

as this seems to offer a possibility of treating large quantities

of Avater,^ such as the whole bulk of water in an aquarium

' The use of ozonised air for the purification of fresh water for town

water supplies has been adopted in some localities. (See Bridge. J. H..

paper read before Franklin Institute, reprinted in ' English Mechanic,'

1907, pp. 369 and 392.)
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circulatiou, without very considerable expense. Experiments

on a small scale, which we were able to make, unfortunately

only with imperfect apparatus, showed that Avater treated with

ozonised oxygen gave distinctly better cultures than untreated

water. Although the sea-water was not absolutely sterilised

by the treatment to which we actually subjected it, a sample

of water which was visibly clouded with bacteria became

quite clear and bright.

(f) Cultures in these Media.—In order to make clear

the different results which are obtained by using these

different waters, we will describe the probable result which

would be got from a series of flasks set up with the following

media, and each inoculated with a persistent culture of a

true plankton diatom, such as Thalassiosira, Skeleto-
nema, or Ch as toe eras.

A. " Outside water" untreated.

Small growth in from five to fifteen days, almost

immediately swamped by growths of foreign forms

;

the latter, however, will never be large.

B. Ditto, sterilised.

Slightly larger growth, very soon becoming ex-

hausted,

c. "Tank-water" untreated.

Same result as in a, but growths will be much larger

and healthier, and will last longer.

D. "Tank-water " sterilised.

A fair growth of the inoculated species, but the total

growth will not be as great as in c ; the diatoms will

retain their normal appearance for some time.

E. "Outside water" + Miquel's solutions A and B, sterilised.

Best culture in series, both in quantity and quality.

The diatoms will remain normal and healthy for a

very long period,

r. " Outside water " sterilised and treated with animal

charcoal.

Fair growth, especially at first; diatoms will soon grow

pale and become exhausted ; better than n.
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a. "Tank water" sterilised and treated witli animal

charcoal.

As F, only growth will be slightly greater and will

last considerably longer. Third best in series.

H. ''Tank-water" treated with animal charcoal and filtered

through Berkefeld filter.

This will usuall}^ be the second best culture in the

series, but the difference between this and G will

only be slight.

K. "Outside water" treated with H^O^.

This will most resemble f, but will not be quite so

good.

L. " I'ank-water " treated with HoO.,.

A distinct improvement over k. This medium is

rather variable, and in some cases the growth

obtained has been quite equal to f, if not better.

B. Experiments with a View to Determining the

Conditions which underlie the Successful

Culture of Diatoms.

The attempt to make cultures of diatoms for use as food

when rearing pelagic larvae, led naturally to an effort to

determine the best culture medium antl the most favourable

conditions for the rapid and continuous growth of diatoms.

Before success can be attained in this direction exact know-

ledge as to the nature of the essential food-stuffs, and, in

fact, as to the general physiology of the Diatomacege, is

necessary.^ Numerous experiments, extending over the last

three years, have been carried ou»", with a view to obtaining

such knowledge, and the results, though still by no means

complete or conclusive, are perhaps Avorth recording.

A great difficulty which has to be met in carrying out such

investigations on marine diatoms, is caused by the fact that

when sea-water is used as a basis for the culture media, we

' For general references to literatiu-e see " Bil>liographj-," especially

Miqnel (12), Richter (18).
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are dealing; with a solutiou of a very complex and very

variable character, the exact nature of which it is extremely

difficult to determine. The most direct method of research,

namely, chemical analysis, has not proved of much service,

owing to the vmcertaiuty, and in many cases impossibility, of

accurate determinations, in sea-water, of such minute quan-

tities of substances as those upon which the growth of

plankton diatoms has been found to depend.

We have bad, therefore, to rely, for the most part, on the

lengthy and tedious process of analysis by "trial and error,"

the experiments being largely conducted on lines suggested

by Liebig^s well-known "law of minimums" (Pfeifer, vol. i,

p. 413). The ideal at which we aim is to find a culture

medium with artificially prepared sea-water as its basis, such

that the absence, or diminution in quantity, of any one of its

constituents would have a profound effect upon the growth of

diatoms in it. Whether the conditions regulating growth in

such a medium would be at all comparable to the natural

conditions of life in the sea is a question that would have to

be decided by experiment, but in any case this could be made

a starting point for much more definite research than has yet

been attempted. Up to the present time we have not, unfor-

tunately, succeeded in finding such a, culture medium.

Throughout the work we have had very great difficulty, in

spite of much care and many precautions, in obtaining

consistent results. It may even happen that in two flasks

containing the same culture medium, inoculated with the same

culture of diatom and standing side by side, under exactly

identical conditions, as far as can be recognised, quite

different degrees of growth will be observed. All experiments

must therefore be frequently repeated before entire confidence

can be felt in any conclusions which they seem to indicate.

It must be remembered, also, that in all the persistent

cultures of diatoms that we have used, bacteria have pro-

bably been present, and this fact has probably had some

influence on the result. Unfortunately our attempts to

obtain absolutely pure cultures have not met witli success.

VOL. 55, PART 2. NEW SERIES. 25



882 E. J. ALLEN AMj E. W. NELSON.

Methods.—In carrying out the experiments to be described

in this section the procedure has been as follows: All media

have been prepared from sterile sea-water, and sterile vessels

and instruments have always been used. The cultures have

usually been made in 60 c.c. of liquid, in short-necked, wide-

mouthed flasks of 125 c.c. capacity. When a number of

cultures were to be compared, the flasks were kept standiijg

in a row together in such a way as to keep the physical

conditions as similar as possible. Control cultures in standard

media were included in each series, so that results from

different series could be compared by reference to the

controls. The various media were inoculated from a persistent

culture of a species of plankton diatom, which in the great

majority of cases was Thalassiosira decipiens (p. 412).

When preparing the different media the methods used were,

as far as possible, identical, and although only about 60 c.c.

was needed for a culture, a litre was made up, so that errors

due to measuring very minute quantities might be avoided.

The media were all freshly prepared for each compaiative series

of cultures, the same sample of sea-water being used, when

the basis of any two or more was the same. Comparative

estimates of the amount of growth in the different cultures

were made by eye alone. Any difference between amounts of

growth that has been described here as appreciable has always

been accompanied by a marked difference in appearance to

the eye on holding the cultui-es up to the light. A few drops

from each culture were also, from time to time, examined micro-

scopically, as a test of the quality and purity of the growth.

The Sea-water Employed.—The sea-water employed as

a basis for the culture media has been either (1) "outside

water " or (2)
" tank-water." A general description of these

will be found on pp. 372-374. An accurate chemical analysis of

both ty{)es of water would probably make clear many difficult

points, but, as already pointed out, no chemical methods of

sufficient delicacy have yet been devised.

We have seen that if we compare '^tank-water," i.e. water

from the closed circulation of the Plymouth Aquarium, with



ARTIFICIAL CULTUKE OF MARINE PLANKTON ORGANISMS. 383

off-shore sea-water in situ, a most obvious difference is the

much increased density of the larger forms of animal life in the

former, combined with the almost complete absence of plant

life. Hence the concentration of excretory products in the

tank-water must be very much higher than in outside water.

Other factors, such as increased bacterial action, artificial

aeration, etc., in tank-water, must also be taken into account

(cf. Vernon [58], Smith [56]). There seems to be direct

evidence to show that the concentration of nitrates, possibly

due to the action of nitrifying bacteria on the products ol

excretion, such as urea, ammonia, etc., is considerably higher

in the tank-water, and the presence of soluble organic

matter in concentrations never met with in the sea, can

ahnost certainly be assumed. It is probably due to the

presence of these nitrates and soluble organic substances that

sterilised tank-water is a much better medium in which to

grow diatoms than sterilised outside water (see p. 379).

The Constituents of Miquel's Solutions.—It has

been already stated that no better medium for the culture of

plankton diatoms has been found by us than the solutions

recommended by Miquel, although these solutions may be

modified and simplified in various ways with equally good

results. The formulae recommended by Houghton Gill give

very similar cultures. The essential features of Miquel's and

Houghton Gill's methods, when adapted to sea-water, ai-e the

same. Miquel's solution A and Gill's solution 2, can both be

replaced by a solution of potassium nitrate (p. 369). Again,.

Miquel's solution B and Gill's solution 1 only differ in the

proportionate amounts in which the various constituents are

prescribed. The formula3 are :

Miquel's sol.
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The proportionate amounts added to equal volumes of sea-

water are :

Miquel's sol. B. H. Gill's sol. 1.

NaoHPO^ . . . 10 . . .12
CaClo . . . . 10 . . .24
FeCl.^ .... 5 ... 3

HCl .... 5 ... 6

Since cultni'es can be obtained with no appreciable difference

by using media prepared by adding either of these solutions,

together with Miquel's solution A, to sea-water, a con-

siderable latitude in the proportions of the salts present is

tolerated.

We must now consider what is the role of the various

constituents in Miquel sea-water. The part played by any

salt of a culture medium may be considered as being either,

firstly, " nutritive," or secondly, *' protective." ^ Under the

first heading, any direct addition of food material must be

included; iinder the second, any removal or neutralisation of

harmful substances, such as toxins and possibly bacteria, and

any more remote effects, which, although influencing growth,

do not directly enter into the metabolism of the plant.

Our experiments have proved that solution A can be

reduced to a simple solution of potassium nitrate- without

detriment (cf. p. 369), and that the amount of growth is,

within limits, roughly proportional to the amount of KNO^
added, as the following experiment shows :

—

Inoculated from persistent culture of Thalassiosira

d e c i p i e n s

:

A. Normal Miquel sea-water.

Growth as usual.

B. Ditto, but only half amount of solution A.

1 Loeb, ' The Dynamics of Living Matter,' New York, 1906, p. 77.

- For the sake of convenience the expression solution A will be used

throughout the rest of this paper to indicate a simple solution of potas-

sium nitrate (5 per cent.), and solution B to indicate Miqiiel's phospho-

ferri-calcic solution. Unless otherwise stated ihe amounts of each

added to 1000 c.c. sea-water will be normal, i.e. 2 c.c. solution A and

1 c.c. solution B.
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Good growth at first, but exhausted sooner than A.

C. Ditto, but two and a half times amount of solution A.

Was slower than either A or b at start, but after-

wards was better than a or b, and lasted lonsrer.

D. Ditto, but five times amount of solution A.

As c, but in greater degree.

Considering the nature of the substance added, and its

already well-knawn action in plant metabolism, these results,

coupled with the fact that exhausted cultures can often be

regenerated by the simple addition of nitrates (see below, p.

390), are quite consistent with the assumption that solution

A is simply nutritive in action. The concentration of nitrates

in natural sea-water is so low (Brandt [47] ) that the amount

available in a culture of untreated water very soon becomes

completely exhausted, and it is this deficiency that solution A
probably corrects.

Considering now the action of solution B, it must first be

observed that increased concentration of nitrates alone will

not explain the whole action of Miquel's solutions, for no

increase in growth is obtained when nitrates or solution A
only are added to sea- water. To illustrate this point an

account of an actual experiment may be given :

—

Inoculated with Thalassiosira decipiens:

A. Normal Miquel sea-water.

Good strong culture, in every way normal.

B. Outside water sterilised.

Small growth at first, very soon exhausted,

c. Ditto + solution A.

No improvement over B.

D. Ditto + solution B.

Fair growth. Great improvement on b and c, but

exhausted considerably before A,

E. Tank-water sterilised.

Appreciably better than b, but growth not large.

F. Ditto -f solution A.

Not even as good as e.

G. Ditto + solution B.
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Next best in series to a ; lasted longer than d, and

had better colour.

To generalise, no improved culture is obtained with solution

A alone, but a fair, though not very lasting, growth can result

from using solution B only.

The action of solution B is to some extent obscured by the

fact that, when this solution is added to the alkaline sea-

water, a precipitate is formed. This precipitate is at first

white, but, on heating or standing for some time, it becomes

greenish-yellow. We are indebted to Mr. D. J. Matthews for

the following analyses.

Ten litres of normal Miquel sea-water were prepared, and

the precipitate was collected on a filter-paper, washed, and

<lried at 100° C.

Weight of dry precipitate from 10 litres = 0*2949 grm.
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additive effect on tlie sea-water is, therefore, a sliglitly in-

creased concentration of phosphate and calcium.

An analysis of a sample of tank-water for phosphorus,

before and after treatment with solution B (1 c.c. per 1000),

gave the following figures :

Tank-water '5 nigrm. P per litre = "OOlOo grm. P0O5.

Tank-water + solution B (without precipitate) TS mgrm. P
per litre = '00488 grm. P0O5.

It will be noticed that the figures from the different

analyses do not agree very well. This is probably due to

the fact that different samples were used for analysis in each

case, and also to the fact that the solutions were made up in

the ordinary way, without any special precautions, volumes, for

instance, being measured in cylindrical glasses, pipettes, etc.

Cultures were tried in sea-water containing the normal

amount of solution A, plus the normal constituents of solution

B, less all the iron and less the amount of phosphate that would

combine with the iron to form basic ferric phosphate (PoO-

2Feo03l2H20). This solution should have very nearly the same

chemical composition as normal Miquel sea-water from which

tlie precipitate has been removed. Successful cultures could

not, however, be obtained in it. Neither could cultures be

grown in sea-water to which had been added the normal

amount of solution A and 1 mgrm. P (as sodium phosphate)

per litre.

To ascertain the effects of the different constituents of

solution B, experiments were carried out with separate solu-

tions of these constituents, each of the same strength, as in

Miquel's formula. Different combinations of these solutions

were added, together with solution A, to sterilised sea-water,

and the resulting media were inoculated in the usual way. It

was found necessary to repeat these exjDeriments a great

number of times, as the results obtained were rather contra-

dictory. To illustrate the methods used a list of the ditt'erent

media, and notes of the cultures obtained in them, are given

below. These media wei*e inoculated from cultures of

Thalassiosira decipiens, and the cultures were kept
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under observation for at least four months. Series were

made as uniformly as possible, and controls in standard

media were included in each. The strength of the various

solutions used in these experiments was the same as in

Miquel's formula.

A. Outside water + solution A + solution ]5 (normal Miquel

sea-water.

First control.

B. Outside water + solution A + Na;2HP0t solution +
FeCl.j solution + CaCL solution.

Second control.

Good normal cultures were alwavs obtained in these two

controls.

C. Outside water + solution A + Na.iHl^Oj solution.

A very uncertain medium. Sometimes no growth has

been recorded, and at other times a fair growth

results, but these cultures are never equal to normal

Miquel.

D. Outside water + solution A + FeCl. solution.

Occasionally a very small growth has been obtained,

but at the best it is very poor.

E. Outside water + solution A + CaCL solution.

About equal to D.

F. Outside water + solution A + NaoHPOi solution +
FeCla solution.

Uncertain as c. No cultures have been obtained equal

to the best in c.

G. Outside water + solution A -1-NaoHPOi solution + CaCl,

solution.

Some cultures very nearly equal to the controls have

been obtained in this medium.

H. Outside water + solution A + FeCl.s solution + CaCU
solution.

Poor, about equal to D.

Analysing the above results we see that

—

(1) None of these modifications of solution B give results

equal to solution B itself.
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(2) The best result is obtained from the combination of

the phosphate and calcium chloride solutions.

(3) Of the solutions used singly the phosphate is the

best, the iron and calcium chloride being" about equal.

(4) The additiou of FeCl.^ to Na^HPOj, or the addition of

CaCljto FeCl.., does not improve the medium to any extent.

Experiments were also made to determine whether the

precipitate thrown down in sea-water by Miquel's solution B,

itself had any influence on culture media. A quantity of this

precipitate was prepared, filtered off, and then added t(j

outside sea-water + solution A (nitrates). A small growth

was obtained, which was a distinct improvement on the

control without the precipitate, but exhaustion soon set in.

Further discussion of the mode of action of solution B,

and as to whether that action is purely nutritive, or partly

nutritive and partly protective, is better postponed until a

later section, after the action of animal charcoal and other

substances has been considered (see p. 405).

Animal Charcoal and Peroxide of Hydrogen.—The

most successful culture medium for plankton diatoms, next

to Miquel sea-water, is that prepared from animal charcoal

(cf. p. 379). Animal charcoal water gives at first almost

as good cultures of plankton diatoms as Miquel sea-water,

but the tendency to paleness and exhaustion appears much

sooner. The best cultures were obtained in "Berkefeld

water,'^ that is, tank-water from the Plymouth Aquarium

treated with powdered commercial animal charcoal and filtered

through a Berkefeld filter. Tank-water as a basis for animal

charcoal water is very much better than outside water,

probably on account of the higher concentration of nitrates,

etc.

There is a very striking resemblance between the effect of

animal charcoal and of Miquel's solution B upon sea-water

used for diatom cultures, and the growths obtained by using

tank-water + solution B and tank animal-charcoal water are

very similar in character. If Miquel's solution A is added to

animal-charcoal water there is a great improvement, both in
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the colour and quautity of diatom growth, and in the case of

Thalassiosira decipiens the chains are long and well

formed. With animal-charcoal water + solution B, on the

other hand, practically no growth was obtained.

It is possible that a certain amount of phosphate, and

perhaps of calcium, from the animal charcoal, goes into

solution and serves as a "nutritive^' material for the diatoms.

J5nt we are inclined to think that its chief action is "protec-

tive," and due to its power of occluding gases, such gases

being in a state of higher chemical activity than under

normal conditions.^

As was explained in a previous section (p. 378), the

possibility that the action of animal charcoal might have

some sort of effect comparable to oxidation, led us to experi-

ment with hydi'ogen peroxide. Fair growths of diatom could

be obtained in sea-water prepared in the manner described,

but they always showed a tendency to rather rapid exhaustion.

As in the case of animal-charcoal water, tank-water proved

a much better basis for treatment with H^.O^ than outside

water.

Keviving T^xhausted Cultures.—Several experiments

were carried out with water from old, exhausted cultures.

The sediment was filtered off, the filtrate was sterilised by

heat, and then treated by various methods.

In one typical experiment the following was the result :

—

Water from an exhausted culture of Skeleton ema
costatum in jliquel sea-water, reinoculated with the same

diatom :

A. Filtered and sterilised.

No growth obtained.

B. Ditto + solution A (nitrates only).

Good culture, but did not last very long; farther

addition of nitrates made no improvement,

c. Ditto -|- solution B.

' Against this view -would seem to be tlie fact that when powdered

oocoa-niit charcoal, which has a still higher power of occluding gases,

Avas used in place of animal charcoal, very poor cultures were obtained.
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No growth,

D. Ditto + solution A + solution B.
,

Very good growth, lasting considerably longer

than B.

E. Ditto + animal charcoal.

No growth.

Exhausted cultures in animal charcoal water gave, the same

general results on treatment and reinoculation. In an old

culture of Biddulphia niobiliensis in outside water +
solution B only, which was in a very exhausted condition

(nine months old), the addition of KN0;5 gave a very rapid

regeneration, and the diatoms became of normal colour and

form. This renewed growth, however, did not last very long-,

and a further addition of KNO- did not give any result. The

addition of sodium phosphate also failed to stimulate growth.

The same rapid regeneration, on the addition of potassium

nitrate, has been obtained with almost every medium, but a

second attempt has always failed.

Silica.—A very noticeable character of the true plankton

species of marine diatoms is that their skeletons are very

markedly less siliceous than the great majority of other forms.

Their valves are only feebly marked, if at all, and they will

not stand the vigorous treatment of cleaning with acids and

heat that is commonly used in the case of fresh-water diatoms.

In cultural forms this absence of silica is still more obvious,

and no mai'king can usually be seen on even those forms,

which, under natural conditions, are the most siliceous, e.g.

Coseinodiscus excentricus. Deformed and distorted

frustules are the rule in certain stages of growth in our

cultures, and it is often very hard to make out more than the

thinnest coating of silica. It is quite probable that this

deformity can be accounted for simply by the absence of a

strong siliceous skeleton. As a rule, the more rapid the

growth the more teratological forms will be found. In

untreated outside water little deformity will take place, but

in normal Miquel, where very rapid groAvth takes place, the

diatoms may assume almost any conceivable shape. The
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form of the frustnles tends to come Ijack to tlie normal again,

when the culture is well started, and in old sta<:^es the

majority will be perfectly formed, although small and pale.

It was found that the addition of silica (in early experiments

as fragments of potassium silicate) was, as far as could be

judged, immaterial, which fact led to the conclusion that a

sufficiency dissolved out from the glass flasks in which the

cultures wei-e kept. During rapid growth, it is possible that

the silica does not dissolve out fast enough to supply the

demand, although it is also ])ossible that diatoms, during rapid

division, cannot absorb silica and form a perfect skeleton,

even when the supply is abundant. Kichter (18) has proved

the necessity of either CaSi.iO; or KoSi^Oj for the growth of

Nitzschia pa lea, grown in pure cultures. We tried the

addition of silica in various forms, and in one instance, in a

cultui*e of Coscinodiscus excentricus, to which a little

pi-ecipitated calcium silicate had been added, the uniformity

and markings of the valves were much more regular than in

the control. The presence of a trace of pnre, dialysed silica

also, in one experiment, gave an improved regularity of form,

but the quantity or rapidity of growtli did not seem to be

affected. No sign of regeneration could be obtained in

exhausted cultures by the addition of silica.

Organic Infusions.—Miquel recommends the use in

culture media of infusions of organic substances, such as

bran, straw, diatom broth, etc., in addition to the saline solu-

tion. He does not make it quite clear if he ever dispensed

with them at all. In his general directions he certainly

states that the addition of both saline and organic nutrient

material is necessary. As would be expected from the general

metabolism of plants, the saline constituents are sufficient for

growth. At the same time, excellent cultures have been

obtained from dilute organic infusions, both with and without

the addition of Miquel's solutions A and B. About a square

inch of Ulva was boiled in GOOc.c.of sea-water for half-an-hour,

cooled, and filtered. In this medium an excellent growth of

Coscinodiscus excentricus in one case, and Biddulphia
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tnobiliensis in another, was obtained, the growth lasting

for some considerable time.

Infusions, made in the same way from a small piece of fresh

fish, gave the same results, and although growth was rather

slower at first, the final result was, if anything, slightly

better. As Miquel points out, these infusions must be made
very dilute, otherwise growths of bacteria, moulds, etc., will

completely swamp the diatoms. Karsten (7), in some interest-

ing' experiments, showed that Nitzschia palea (Kutz)

W. Sm. could be made to alter completely its mode of nutri-

tion. On placing this diatom in organic nutrient solutions,

it lost all chlorophyll and became colourless, but in saline

media the chlorophyll would not regenerate, and the nutrition

change back from heterotrophic to autotrophic.^

Of course, with our infusions, it cannot be said that the

diatoms were necessarily feeding on dissolved organic

material, as some necessary, saline, nutritive materials could

have dissolved out from the weed or fish. If the former is

the case, it might explain the superiority of tank-water over

outside water, since the tank-water must contain a much
higher percentage of organic substances in solution. If an

alternative mode of nutrition, autotrophic or mixotrophic,

could be proved, especially in the case of the '^ bottom"

forms of diatoms, a great many phenomena could be ex-

plained, but the evidence is as yet far too slight to warrant

any such assumption.

Artificial Sea-water.—As we have explained in a

previous section, the ideal aimed at in this part of our work

has been to obtain strong growths of Diatomaceae in purely

ai'tificially prepared solutions of simple salts. If this end could

be satisfactorily attained the difficulties due to the unknown

and variable composition of natural sea-water at once dis-

appear. According to van 't Hoff (35) sea-water is a solution

containing salts in the following molecular concentrations:

NaCl 100-0, KCl 2-2, MgCL 7-8, MgS0^3-8, CaCL I'O (varies).

^ Cf. Zumstein, ' Zur Morpliologie n. Pliysiologie d. Euglena
gracilis,' Leipzig, 1899.
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Using these molecular concentrations, a sea-water of any
desired salinity can be prepared. The chlorine content of

average Athintic water is about CI = 19'4, and samples of

artificial sea-water were prepared with the same chlorine

value, thus :

NaCl . 26-75

KCl -75

MgCl, 3-42

CaCIo -51

Mgsb, 2-1

Double distilled water . . , 906-47

1000-00

To make this solution comparable to natural sea-water, the
"^ alkalinity" must be raised by the addition of an alkali such

as Na^CO.s. After the importance of " alkalinity " as a factor

had come befoi'e our notice, 2*4 c.c. M/.^ Na^CO.^ was always

added to the above solution in order to make the amount of

base in equilibrium with CO., equivalent to the usual 40 mgrm.

Tiie only success we attained with artificial sea-water as a

basis for culture media was with four isolated cultures in one

of our earlier experiments. Two of these were cultures of

C oscinodiscus excentricus in artificial sea-water

+

Miquel's solutions A and B. The two cultures were identical

except that one was in an ordinary bohemian glass flask and

the other in a " resistance glass " flask. Xo difference between

these two could be seen. The growth obtained in both was in

every way equal to normal Miquel sea-water, and is still fair,

although over two years old. The other two successful

cultures were growths of the same diatom in the same media,

plus a small quantity of weed infusion, made by boiling up a

small piece of Ulva in artificial sea-water. These gave just

as good results, but the addition of unknown factors from the

weed detracts from their general interest. In spite of

frequent attempts, over fifty in number, we have not been

able to repeat this experiment, which may possibly be due to
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some accidental impurity in the salts or distilled watei* from

which the successful media were prepared.

Alkalinity.—Torncie (43) and Dittmar (33) were the first

to investigate the fact that sea-water showed on analysis an

apparent excess of base over acid, which excess they termed

''the aliialinity of sea-water." Dittn^ar defines the alkalinity

of sea-water as "a measiii-e of its potential carbonate of

lime," but this definition and his supposition that this excess

of base combines directly with dissolved COo to form car-

bonates and, further, but only in veiy small proportion, bicar-

bonates, is liable to give a quite erroneous idea of the state of

equilibrium actually occurring in the ocean. For, as Fox (34)

has shown, " sea-water reacts in situ very nearly neutral, and
actually just slightly more acid than distilled water." This

is due to the fact thnt sea-water always contains a consider-

able quantity of dissolved C0.2-

If a salt solution with neutral reaction, that is, containino-

H* and OH^ ions in concentrations equal to one another and
the same as for pure water, be exposed to an atmosphere con-

taining COo, a definite amount, depending on pressure, tem-

perature, and salinity, would go into solution. This CO.^

would combine with water and form the very weak acid

H^CO.;, which would ionise with the formation of free H* ions,

thus :

H.CO, --^ H- + HCO',

(HCO', ~Z H- + CO'y

The second stage of dissociation is so small as to be
negligible. The concentration of H* being now increased

and OH^ decreased, the solution would have an acid reaction.

The actual amount of COo thus dissolved would always be
small ; for instance, a salt solution of strength CI = 20*00

(average Atlantic water CI = 19-4) will at 10° C. dissolve

about "3 c.c. CO3 per litre from an atmosphere containing

3 %oo C0._, (about normal). But the ocean is found to contain

very much greater quantities than this, 60 c.c. or 200 times

this amount being a not unusual figure for the total CO.
The difference between this amount and the '3 c.c. or so dis-
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solved by tlie neutral salt solution, us above, is kept in

equilibrium witii the 3 7ooo ^^2 ^^^ ^^^^ atmosphere by the

amount of " excess '' base equivalent to the amount of acid

neutralised when an acid such as HCl is added to sea-water

in excess, Jf a solution identical with sea-water but abso-

lutely free from CO^ (a pi-actical chemical impossibility) could

be obtained, then there would Ije present an excess of base

over acid, and consequently an excess of OH^ ions over H.

ions, and an alkaline reaction. On exposing such a solution

to the atmosphere, COj would go into solution, ionise, and the

H* ions thus set fi-ee would react with the OH^ ions, due to

the excess base, to form water. And this reaction would

continue to take place, on more COo dissolving, until all the

excess OH^ ions were neutralised, at which point the solution

would react neutral. Now, as before with the neutral salt

solution, a further small amount of CO^ would go into solu-

tion, bringing the solution into equilibrium with the atmos-

phere, and the excess H" ions thus formed would give an

acid reaction. The final result would be a solution exactly

identical with natural sea-water. The total COo found in sea-

water can be considered as existing in two parts : the larger

part in equilibrium with free base, its amount depending on

temperature, pressure, and alkalinity; the smaller in equili-

brium withthe partial pressure of COo in the atmosphere, its

amount depending on temperatui-e, pressure, and salinity.

Although sea-water in situ has an acid reaction, it still main-

tains the property of being able to neutralise a certain amount

of any acid stronger than H^CO.,, that is, any acid which, on

dissociation, forms a higher concentration of H* ions; for the

stronger acid will turn out the HoCO., in equilibrium with the

" excess base " and COo will be evolved.

In consideration of these points, a less confusing definition

of the "alkalinity of sea-water" would perhaps be a

measure of its potential capability of neutralising a

strong acid^ with the evolution of COo. This can be

conveniently expressed, as is usual, in mgrm. OH °/^.

' Such as HCl, with a high degree of ionization.
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Some of onr eai'lier experiments seemed to show that

" alkalinity " was a factor of considerable importance for the

successful growth of cultures of plankton diatoms ; so an

attempt was juade to analyse the various samples of water

both before and after treatment as culture media. The

method adopted was a modification of that used by Tornoe

and Dittmac. Solutions of NaOH and H3SO4 of strength

N/jQ, by intention, were made up and stored in five-litre

" aspirator " bottles. Two accurately graduated burettes

standing side by side were connected to these by tubes, so

that they could be readily filled by gravity. All air inlets

to burettes and stock bottles were fitted with tubes of soda

lime. A standard solution of Na^CO^ of exactly known
alkalinity, approximately that of average sea-water (40*00

mgrm. OH %o)j was prepared by diluting down from a N/n,,

solution, all operations being performed by weighing. These

standards were stored in stoppered bottles of the fairly

insoluble dark green glass, but those that had been kept for

any length of time were riot trusted, fresh standards being-

prepared. On analysis these standards agreed with one

another to well within '1 mgrm. OH °/qq. The water used for

diluting the standards was distilled water from the laboratory

still, re-distilled in all-glass apparatus with potassium bichro-

mate and sulphuiic acid.

When carrying out an analysis, equal volumes (about 100

c.c.) of sample and standard were measured out into Jena

glass Erlenmeyer flasks with a Knudsen automatic pipette.

The specific gravity of each was determined by weighing in a

25 c.c. pyknonieter. Sample and standard were then titrated

by running in acid from the burette and back titrating with

alkali, using a 1 per cent, alcoholic solution of aurine as an

indicator and keeping the liquid boiling. The acid to alkali

equivalent was determined by titrating a pipetteful of double

distilled water in the same manner. The mean of at least four

readings ^vas always used. Let N and n be number of burette

divisions of alkali equivalent to standard and sample respec-

tively, and D and d their density at the time of pipetting out.

VOL. 55, PART 2. NEW SERIES. 26



398 K. J. ALLEN AND E. W. NELSON.

Then if A is the alkalinity of the standard andX the required

alkalinity of sample:

Nd
Since all operations were carried out at the same room

temperature, no corrections for temperature are necessary.

In spite of the greatest care consistent results could not be

obtained by this method of analysis. A sample analysed

against the same standard would sometimes give results

vai-ying as much as 0'5 mgrm. and occasionally 1*0 mgrm.

OH °/qq. 'J'he work on indicatoi-s by Salm (42) and its

application to this question has only recently come to our

notice, and it is our intention to experiment on this in future

research. 'J'he figures quoted below as the results of analyses

have been rounded off as whole nujnbers, since their interest

lies in their comparative rather than their absolute value.

For convenience they are quoted as " alkalinities," although

we are fully conscious that the methods used do not warrant

this assumption, and that their actual chemical significance

is still obscure.

The mean value for " outside water " was found to be

fairly constant at 40'0 mgrm. OH ^/qq, which figure agrees

with results obtained by others for average ocean water.

Samples from the aquarium tanks never gave as high figures

as this, the average being approximately 37"5 mgrm. OH °/^^.

From this it seems that the amount of base in equilibrium

with COo in tnnk-water is appreciably less than in outside

water. A series of thirteen samples taken from seven miles

beyond the Eddystone to well inside the Cattewater (an

inner tidal harbour near Plymouth) showed a gradual lowering

of the alkalinity from the normal 40, to 38 mgms. OH °!^ as

the water became more estuarine and polluted.

The addition of Miquel's solution B to sea-water was found,

on analysis, to reduce the "alkalinity'^ by an amount equiva-

lent to 10 mgrm. OH °/^^ or more. The 1 c.c. solution

B added to a litre of sea-water in itself contains a certain

amount of free acid, equivalent to less than 4 mgrm. OH °/
'oo*
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But this reduction of alkalinity cannot be accounted for by

the addition of free acid alone, because if only one quarter the

amount of solution B is added, the alkalinity of the sample

will be found to be, if anything*, only very slightly higher.

Also, if the various constituents of solution B are added as

separate solutions, tlius obviating any addition of free acid, a

reduction equivalent to about 6 mgrm. OH °/oo '-^ ^^^^^ obtained.

The presence of ferric chloride in solution B gives a possible

explanation of this phenomenon. If a solution of ferric chloride

is added to a solution of a soluble carbonate, a reaction,

which can be expressed by the following equation, takes place:

SR.CO^Aq. + Fe.ClcAq. = 6 ECl.Aq. + FeAAq. + 3 CO,.

When the ferric chloride is added to sea-water, the final

result will be that a certain amount of the " excess base,"

which was in equilibrium with CO^, will then be in equilibrium

with the chlorine, available on the precipitation of hydrated

ferric oxide, with a consequent liberation of COo, and a

reduction in "alkalinity " will, therefore, take place.

An analogy between the actions of MiqueFs solution B and
:inimal charcoal can be seen in the fact that water treated

with animal charcoal also shows a reduced " alkalinity,^' the

amount being very variable in different samples.

Sea-water treated with HoO^ also showed a lowering of the

alkalinity, but in a much less degree when, as usual, minimal

quantities were used.

Control experiments on double distilled water, which had
been treated with these substances, were tried, but great

difficulty was found in obtaining an end point with the

indicator. As far as could be judged, distilled water treated

with solution B (quantities as with sea-water) showed a

negative " alkalinity," equivalent to about 8 mgrm. OH°/qq,

and in the case of animal charcoal a positive alkalinity

equivalent to 6 mgrm. OH°/qq, but the colour change was so

slow that these results are only the roughest estimates. The
possibility that the above results are due to some effect on

the indicator, which entirely cloaks the true alkalinity, must
always be taken into consideration.
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Before any attempts at analysis had been made, the proba-

bility that considerable differences might be found in tlie

alkalinity of the various media had presented itself. Im-

provement in the growth of diatom cultures Avas found to

result from the purely empirical addition of NaHCO.^, this

result being most marked in normal Miquel sea-water, outside

water + solution B only, and Berkefeld water. No growth

could be obtained in either *' tank-water " or Miquel sea-

water to which had been added 1 c.c. HCl (pure, concentrated)

per litre, but on again raising the alkalinity of the latter

by the addition of NallCO., or KOH, good normal growths

resulted. Richter (18) and H. Gill (5), also, both state

that a weak alkaline reaction is necessary for the growth of

diatoms.

In our most recent experiments, all the media have been

analysed for alkalinity, and those given in detail below

illustrate the importance of determining this factor. Cultures

of Thalassiosira decipiens were made in the following

media

:

A. Tank-water. Control.

Poor growth, hardly normal. Later, good growth of

minute forms, etc.

B. Tank-water, treated with cold commercial animal char-

coal, and filtered.

Very good growth indeed.

c. Tank-water treated with cold, pure animal charcoal, and

filtered.

Very poor growth, comparable to a without minute

forms.

D. Tank-water treated with pure animal charcoal as in c,

• but the animal charcoal was added red-hot.

Fair growth, much superior to c, but not up to B.

The sample of pure animal charcoal used here had been

previoush' found to give very poor results, and it was also

quite coutrai'y to our experience that an}' improvement in

growth should be obtained by adding it hot. But if we
examine the results of analysis of these media for alkalinity
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a probable explanation presents itself. The following figures

are only comparative :

A. 38 nigrm. OH°/QQ(used as standard).

B. 37 ,, ,, (higher than usual),

c. 16 „ „ (very low indeed).

D. 34 ,, „
It will be seen tliat the amount of growth in each treated

sample follows the alkalinity very closely.

Solutions of NaoCOs, NaHCOs and HCl were made up, so that

4 c.c. of anyone contained an amount of acid or alkali equiva-

lent to 10 mgrm. OH. From these a series of norinal Miquel

sea-waters of different alkalinities were prepared. Cultures

of Thalassiosira dec ipi ens were grown in these media.

A. Normal Miquel sea-water. Control. A = 32*7 mgrm.
OH 7oo-

Perfectly normal growth.

B. Ditto + 4 c.c. NaoCOs per litre. A = 41*7 mgrm.
OH -/,,(= -r 9-0). 1..

_

No difference between this culture and A.

c. Ditto + 8 c.c. NaoCOs per litre. A = 50*2 mgrm.
0H°/,, (= + 17-5).

Best culture in series in quality and quantity.

D. Ditto + 4 c.c. NaHCOg per litre. A = 42-4 mgrm»

^0H7oo(= + 9-7).

Slightly better than control.

E. Ditto + 8 c.c. NaHC03 per litre. A = 51-5 mgrm.

OH7oo(= + 18-8).

As D.

p. Ditto + 4 c.c. HCl per litre. A = 22-2 mgrm. OH
- . 7oo(= - 10-5)

•

Fair growth, but never up to control ; exhausted

much sooner.

G. Ditto + 8 c.c. HCl per litre. A = IM mgrm. OH
%, (= - 21-6).

Poorest in series.

^ Figures in parentheses are difference in alkalinity from cont-rol,

in mgrm. OH °/go.
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Except in the cases where the alkalinity was lowered by

the addition of HCl, tlie results obtained from this series

were not up to expectation. Nevertheless the majority showed

a distinct improvement from increased '^alkalinity," and in

c, where the alkalinity had been raised 17*5 mgrm. OH
°/qq, this improvement was very marked.

Another point illustrated by cultural experiment is that in

two samples of animal-charcoal water, one with " outside " and

the other with " tank-water " as a basis, the amount of growth

in the latter considerably exceeded that in the former, and at

the same time it was found that, with the tank-water, the

alkalinity had not been reduced to the same extent as in the

case of the outside water.

How far apparently anomalous results, Avhich have so

frequently occuired in our experimental work, could be

explained by unforeseen changes in " alkalinity," can only be

answered by future research.

Salinity.—The salinity (or amount of salts dissolved in

1000 grm. sea-water) of the outside water used in these experi-

ments only varied between sm.all limits, 8 = 34*5 to 35'5

°/qq. The salinity of "tank-water" is also fairly constant,

the average being about S = o4"9'^/q^; water is only pumped
up into the reservoirs at high Avater, spring tides, and unless

the salinity on analysis is Avell above S = 34*5 °/^^ no water

is taken. Experiments to show what effect salinity pure and

simple had on the growth of diatoms were undertaken.

Samples of sea-water of vai-ious salinities were prepared by

diluting down "outside water" with double distilled water,

and b}^ concentrating "outside water" by slow evaporation.

Two litres of "outside w^ater," S = 34'9, were evaporated

down to the bulk of one litre, giving a 50 °/q^ concentra-

tion. Miquel solutions 4 c.c. A, 2 c.c. B, were now added,

and the solution was divided into ten culture vessels, 20

c.c. in each. Double distilled water was added, 2 c.c. to

the first, 4 c.c. to the second, 20 c.c. to the last, so that a

series of media were obtained, varving' in salinitv from

^ i. e. from every 100 c.c. sea-water 50 c.c. H^O had been subtracted.
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normal to nearly 50°/o concentration, each containing the

same amount of Miquel's nutrient solutions. These were

inoculated from a mixed culture of Skeleton ema costa-

tum, Biddulphia mobiliensis, and Coscinodiscus
excentricus. A good growth took place in all except the

two with highest concentration. Of these two, the last

remained practically sterile and the growth in the other

was very poor. The limit of concentration, therefore, seems

to lie between 35 and 40 °/q. In the same way series of

lowered salinities were prepared, and cultures of the same

diatoms were grown in these. Dilution up to 100 ^/^ did

not seem to make any difference at all in the quantity

or quality of growth. In a series extending the dilution

to 200%, even in the cultures of lowest salinity a fair

quantity of growth took place. The range of salinities

covered by the various series was S = 12 °/qq to S ^ 60 °/qq,

and within these limits no effect on growth could be observed,

except in the very highest, where a distinct deterioration

was noted.

An attempt to grow Coscinodiscus excentricus in

tap-water + Miquel's solutions was tried, and it was thought

that some slight multiplication took place, although it was

certainly not at all considerable. Inoculating* a culture of

normal Mi quel sea-water from this after six weeks gave no

growth.

Light.—Of all the factors controlling the rate of growth

of a culture, light seems to be by far the most important. With-

out light a culture soon dies off completely, showing marked

signs of malnutrition very soon after having been placed in

the dark, the brown pigment being the first to go and later

the chlorophyll. A culture (Thalassiosira) placed in the

dark for five months was found to' be completely killed, the

diatoms being quite colourless. In cultures kept in bulbous

flasks or in any spherical vessel, the strongest and earliest

growth always takes place at the side of the vessel away from

the source of light, where the light will be found to be con-

centrated owing to the lens effect of a sphere of water. By



404 K. J. A1;LEN AND E. W. NELSON.

painting a flask black on the outside up to tlie water-line of the

medium, a very marked diminution in the rate of growth

was obtained. The total growth was not affected, but depends

on the available quantity of food-stuffs present.

Experiments on the reaction of cultures to different rays of

the spectrum, obtained by coloured glass, were tried, but no

results obtained. Miquel obtained marked results with yellow

light, but in our experiments, with plankton diatoms, satisfac-

tory cultures could not be obtained under these conditions.

Temperature.—The highest temperature which diatoms

and allied forms can stand was about uniform for all the

species tested, and lay between 35^-40° C. Cultures of the

following species, viz. Asterionella japonica, Nitzschia
closterium, minute naviculoid diatom, Pleurococcus
mucosus, Chile monas sp., were slowly heated in a water

bath, and at every rise of 5° C. from 15° C. to 45° C. a few
drops of the culture were pipetted out and a fresh flask

inoculated. In all the flasks cultures were obtained whei'e

the heating process had not been carried above 35° C, but

none in those where the temperature had exceeded this.

In the earlier stages of experimentation the cultures of

diatoms were kept in various places abi)ut the laboratory, and
so were under quite different temperature conditions. Those
placed in the warmer situations, i.e. near hot-water pipes, as

a rule gave the most satisfactory results. In all the later work
the cultures have been kept in one room, and an attempt has

been made to keep the temperature of this room as nearly as pos-

sible constant at 15° C. A continuous record of its temjjerature

has been kept by means of a recording thermograph, and no
very great change of temperature has been noted. In a few
isolated cases the temperature has dropped as low as 9° C,
and in hot weather has risen just above 20° C, but these have
only been for very short periods, the average temperature

having kept remarkably constant. An apparatus in Avhich

flasks could be kept at different uniform temperatures from
10° to 25° C, by means of hot air, was used, but no really

satisfactory result could be obtained. About 17° C. seemed
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to give tlie maximum growth, and the cultures below this

temperature were usually superior to those above.

General Cou elusions.—The general couclusions to be

drawn from the experiments described in this section, which

were made with a view to determining the conditions that

underlie the successful culture of diatoms, may now be dis-

cussed. Although the experiments have involved the making

of some 750 different cultures, our conclusions on many of the

questions raised are still indefinite, and much further work

will be necessary before a satisfactory answer can be given

to them.

If we wish to obtain the maximum quantity of healthy

growth of a plankton diatom, the diatom must first be

obtained as free as possible from all other organisms, if not

in a "pure" culture, at least in a "persistent'^ culture. All

culture media should be sterilised either by heat or filtration,

and the experiments should be conducted under sterile condi-

tions. Starting with normal sea-water as the basis for the

culture medium, it seems to be first necessary to raise the

concentration of the nitrates, and possibly also of the phos-

phates, in solution. But this simple addition of nutrient

materials will not in itself suffice. Some other action, such

as that exerted by Miquel's solution B, by animal charcoal,

or by peroxide of hydrogen, seems to be imperative in nearly

every case. The exact nature of this action we have not

been able conclusively to determine. If the substances con-

tained in solution B were purely nutritive in character, we

should expect that, when alterations in the amounts of the

different ingredients were made, or when any one of the

ingredients was omitted altogether, the differences in the

quantity of growth would show a direct relation to the kind

of modification introduced. But our usual experience has

been that solution B can be modified within certain limits,

without producing any appreciable effect upon the resulting

cultures, whilst, if these limits are exceeded, there is an

almost complete inhibition of growth. In supplying a neces-

sary increase of phosphates, both Miquel's solution B and



400 E. J. ALLEN AND E. W. NELSON.

animal charcoal may, and probably do, act as " nutritive " sub-

stances ; but, since the addition of pliospliates alone does not

yield cultures comparable with those produced by either of

them, ,'ind sin'co, excepting phosphates, there is no possible

common nutritive substance in their composition, we are led

to conclude that, in addition to any nutritive effect, they

must exert some other action. 'J'iiis view is supported by the

results obtained by using HoO^. Tiiis substance cannot l)e

directly ''nutritive," although it may be so indirectly, by

oxidising into useful food-material substances which the

diatoms are incapable of using in their metabolism, e.g.

nitrites into nitrates. The absence of any increase in phos-

phates, when using H^Oo, may possibly be the reason why
better results were not obtained with this medium. The
action, whicli, in addition to any nutritive value, we must

assume that solution B, animal charcoal, and H^Ci can all

effect, would appear to fall into the class of " protective
"

actions (p. 38-i). It is quite conceivable that, with different

samples of sea-water, this "protective" action is not neces-

sary in every case, and this would account for the anomalous

results met with when using sea-water + nitrates + phos-

phates only, in which medium sometimes good cultures, but

more often the reverse, are obtained. The effect of Miquel's

solution B, animal charcoal, and HoOo on the "alkalinity" of

the sea-water, also points to souje chemical change, which

does not directly enter into the metabolism of the plants.

It may be pointed out that the action of such substances as

finely powdered carbon, and ferric oxide precipitates, have

been shown to produce a favourable effect on nutrient solu-

tions used for the culture of certain higher plants, and it has

been suggested that the beneficial action of these substances

is the removal of toxic elements from the media (Breazeale [3]).

Such removal of toxins would fall under our definition of

" protective " action.

Of nutritive substances, other than those already mentioned,

we have still to consider, (1) silica, and (2) dissolved oxygen

and carbonic acid. Having regard to the conditions under
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whicli our cultures have been grown, i.e. in glass flasks,

the question of silica does not seem to enter into the problems

which we have discussed. A few words must, however, be

said as to the dissolved gases. Whipple (62) and Baldwin (44)

have drawn attention to the observed relations, which are

found in natural waters, between algal growths and the

amounts of dissolved oxygen and carbonic acid. That these

factors are of great importance cannot be doubted, but in our

cultures it seems reasonable to suppose that the conditions of

saturation of these gases are the same in all, since series of

cultures in standard media, such as Miquel sea-water or

Berkefeld water, can be set up with the certainty that, if not

every one, at least a very high percentage, Avill give normal

results.

Of the purely physical factors, light is by far the most

important. Within limits, the rate of growth in a suitable

medium seems to depend directly on the intensity of the

light (Whipple [60]). Absence of light, as would be

expected, soon completely kills the diatoms.

Temperature also seems to affect the rate of growth to a

certain extent, but for those temperatures at which we have

experimented it does not appear to alter the quantity of

growth.

Salinity, apart from the quantities of available nutrient

materials, can be varied within large limits without appreci-

able effect on the diatoms.

II. Mixed Cultures.

In what has been said up to the present, we have been

dealing with persistent cultures containing a single species of

diatom, which are comparatively, if not entirely, free from

admixture of other organisms. The study of cultures which

contain a considerable mixture of organisms is not without

interest.

A number of experiments have been made on the following

lines : About 10,000 c.c. of water, taken at some distance
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from shore, was placed in a tall Leil-jar fitted with a
" phinger/' wliicli keeps the water in constant movement
(' Jonrn. Mai-. Jiiol. Assoc./ vol. v, p. 170). The water was

treated with Miquel's solutions in normal pioportions, and a

considerable quantity of plankton taken with a fine-meshed

net (150 meshes to the inch) was added, say 10 or 20 c.c. of

a moderately rich sample of tow-netting. The experiments

were made during tlie spring and summer months, and the

general course of events has been the same, with a certain

amount of difference in detail according to the nature of the

plankton present at the time.

During the fii'st two d<i,ys the water often became cloudy,

owing to the rapid multiplication of small Hagellate infusoria,

though this was not always the case. Plankton copepods and

other animals gradually died off, though some survived for as

long as a week or ten days. The plankton diatoms, on the

other hand, generally multiplied rapidly during the early

days of the experiments, the first to become abundant in the

body of the water being usually Skeletonema costatum,

which at the end of a week might be so thick that a number

of chains could be seen in every drop of water examined with

the microscope. Along with the Skeletonema were found

other plankton diatoms, such as Lauderia borealis,

Chc"etoceras (two or three species), Biddulphia mobi-
liensis, Ditylium Brigh twellii, and in nearly every case

Thalassiosira decipiens. These latter diatoms were pre-

sentin moderate numbers only, when the Skeletonema was at

its height, but as the Skeletonema died down they increased

in quantity. At the same time Nitzschia closterium com-

menced to appear, both amongst the precipitate on the bottom

of the jar and in the general body of the water. Small green

flagellates often began lo get numerous also at this stage.

The true plankton diatoms were at their height about a fort-

night after the experiments were started. At this time a

great many diatoius of all kinds were to be found amongst

the precipitate at the bottom of the jar, Asterionella

japonica and Coscinodiscus excentricus being often
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numerous here. During the course of the next week, how-

ever, Nitzschia closterium rapidly increased in quantity,

until not only the sides of the jar were coated with it, but the

whole mass of the water became thick and opaque. By this

time the plankton diatoms had all disappeared, with the

exception of those which may survive for a considerable

period amongst the precipitate at the bottom of the jar.

Bottom diatoms (Navicula, etc.) had begun to grow on the

sides of the jar, and small green and brown algre (Pleuro-

coccns mucosus, Ectocarpus, etc.) also appeared.

Infusoria (Euplotes and other smaller forms) then became

numerous, and as the Nitzschia and bottom diatoms in-

creased on the glass, large numbers of Amoeba? made their

appearance among them. The jars continued in this con-

dition for many months, the algte becoming more and more

predominant.

From these experiments, as well as from instances of mixed

cultures obtained in the course of our attempts to secure

persistent cultures of single species of diatoms, it seems usual

that, in a culture obtained by inoculating Miquel sea-water

with plankton taken freshly from the sea^ the true plankton

diatoms are the first to develop in considerable numbers.

Subsequently bottom diatoms and algae of various kinds

become abundant, and the true plankton forms die out.

A complete explanation of this sequence of events would

probably be of a very complicated character, and we have

practically no evidence from our experiments which bears

veiy directly on the question. It would seem, however, that

the early predominance of the plankton forms in the cultures

would naturally follow from the fact that, in the plankton

material used for inoculation, these plankton forms are

numerous, whilst bottom diatoms and spores of algse are rare.

The subsequent very great predominance of such a species as

Nitzschia closterium may be due simply to a very much

more rapid growth rate, though it is difficult to avoid the

impression that the organisms, which finally take possession

of the cultures, are in some way directly inimical to those
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wliicli they supersede, not merely by robbing them of their

food supply, but perhaps, also, l)y tlie production of toxic

substances. This suggestion does not, however, give an

adequate explanation of the essential facts concerning these

organisms. We have to consider two sets of species—(1) the

true plankton forms, which flourish in the open sea and can

be grown quite easily in the laboratory, provided the cultures

remain pure, and (2) what we may call "aquarium" or

"bottom forms," which under experimental conditions invari-

ably take possession, when present in mixed cultures, whilst

the plankton forms are killed off. AVliy is it that, although

species of the second class are always present in small

numbers in plankton taken from the sea, they are there alto-

gether outnumbered by the true plankton forms, whereas

under conditions such as those of our experiments they

invariably succeed in gaining the upper hand? What are

the factors which determine the difference in behaviour of

these two sets of organisms in the sea and in the culture

vessels ? The whole question offers a very fruitful field for

further experiment. The evidence at present available is so

slight that further discussion of it here is not likely to be of

much service.

The details of two experiments which we have made

bearing on the subject of mixed cultures may, however, be

recorded.

A flask, containing about 1000 c.c. of sea-water treated

with Miquel's solutions, Avas inoculated with approximately

equal amounts of certain persistent cultures of diatoms, which

we possessed at the time. The following diatoms were in

this way introduced: CliEetoceras constrictum, Bid-

dulphia mobiliensis, Skeletonema costatum, Cos-

cinodiscus excentricus, Streptotheca thamensis.

The flagellate (Chilomouas sp.) was also introduced, since

it was present in the culture of Coscinodiscus. The ex-

periment was started on August 26th, 1907. On September

6th (11 days) Biddulphia, Coscinodiscus and Chteto-

ceras were increasing rapidly and were very healthy.
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Skeletonema was not so good, and no Streptotheca was

found.

On October 2nd (37 days) Biddulpliia was numerous and

healthy, Coscino discus was healthy but not so numerous,

Skeletonema was poor, and Chfetoceras was not seen.

Flagellates (Chilomonas) bad become very numerous.

On October 31 st (66 days) all the diatoms were in very

poor condition, Coscinodiscus being slightly better than

the others. The flagellates (Chilomonas) Avere extremely

thick, giving the water a deep red colour.

Subsequently a small green alga (Pleurococcus

mucosus) appeared, having probably been derived from the

Coscinodiscus culture. This increased very greatly in

quantity, whilst the flagellates become inconspicuous.

On July 28th, 1909 (1 year 11 months) some Coscino-

discus, which were still in a healthy condition, were seen in a

sample examined from the flask. A great quantity of

Pleurococcus, in a healthy condition, was also present, but

no other oganisms were noted. On tins date a subculture

was made from the flask in normal outside Miquel. The

subculture gave a considerable growth of Skeletonema,

the cells being, however, of a very abnormal character, and a

good many normal and healthy Coscinodiscus were found

in each sample examined. The whole culture was crowded with

Chilomonas in a very active state, which gave the whole

contents of the flask a deep red-brown colour. Up to August

24th the green alga (Pl.eurococcus) had not become suffi-

ciently abundant to be detected by the naked-eye appearance

of the flask, though it could be seen in samples examined with

the microscope.

In another experiment a flask of Miquel sea-water was

inoculated (May 4th, 1908) from two cultures, one containing

the green alga (Pleurococcus mucosus) and the other

Thalassiosira decipiens. At first both did well, and on

May 20th (16 days) there was a very good crop both of the

diatom and the alga. Gradually, however, the alga became

predominant^ and on October 14th (163 days) only quite empty
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frustiiles of Thalassiosira could he found, whilst tlie

growth of Pleurococcus was abundant and healthy. The

only case where a diatom was observed to flourish in the

presence of this green alga was in a culture of Nitzschia,

a bottom form. In this case a very abundant growth of the

diatom was obtained, but the Pleurococcus did not

multiply to any extent although it could always be found on

microscopic examination.

III. Notes on Particular Species of Diatoms, on their

Methods oi-' Reproduction, and on other Alom Occur-

KiNG IN Cultures.

A list has been already given (p. 367) of those species of

diatoms which we have obtained in '' jiersisfent " cultures.

Of these a species belonging to the genus Thalassiosira

has been used for experimental work in the great majority of

cases. AYe are not quite certain as to the identity of the

species, but since it most resembles T. decipiens Grun, we

have called it by that name, although it does not exactly con-

form to the published descriptions of that form. The most

characteristic feature of this particular species is the eccentric

markings on the valves, which are also seen on the valves of

the diatom Coscinodiscus excentricus Ehr., and, as is

typical of the genus, the frustules ai'e united into chains by

a delicate filament. Jcirgensen (50, p. 96) describes the valves

as "decidedly convex," Gran (49) as "flat," and both agree

that there are marginal spines and a single asymmetrical

spine. Our cultural forms are united together by a filament

into chains, some of which are made up of 500 cells and more,

but the distance between each is considerably smaller than

that figured by Gran. The valves are quite flat and the

marginal spines are often present, although this is not always

the case. The odd, asymmetrical apiculus can nearly always

be seen. The eccentric markino^s have onlv been observed in

a few isolated cases, and are then usually very indistinct. In

one culture these markings on the valves were vei'y distinct.
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and wei-e also easily seen on the megafrustules (cf. below),

which developed in it, but in none of the several generations

of cultures started from this one have we been able to find

any traces of marking- at all. The genus seems to be' in con-

sidenhle confusion, and it is probable that the conflicting

descriptions given by different observers are due to variations

in what is really one species.

Persistent cultures of Coscinodiscus excentricus Ehr.

have also been obtained, and it is interesting to note that this

diatom sometimes forms chains, but they are i-ather excep-

tional. These chains are never as long as those commonly
found with Thalassios ira, two or four cells only being the

rule. The filament joining the valves is also finer and more
easily bi-uken. The two species are quite distinct, and culture.s

of them can be discriminated by a practised eye.

Two species of the genus Biddulphia are commonly
met with in our cultures, namely Biddulphia mobiliensis
(Bail.) Grun. and Biddulphia regia M. Schultze. These

two forms are generally regarded as one species, but Osten-

feld (54) has recently shown that they are really distinct.

We have obtained persistent cidtures of both forms from

several different samples of plankton, and the two species are

easily recognisable, never merging into one another. When
Petri dishes, inoculated from plankton (see p. 367), contain

both species, the colonies can be easily distinguished with a

small hand lens.

The most generally accepted theory of the reproduction of

the Diatomaceae is briefly that the cells divide by simple fission,

but on account of the rigid character of the cell-walls each

division necessitates a deci-ease in size of the new valve, since

this must always be formed inside the old valve. So the

frustules gradually get smaller and smaller as multiplication

proceeds, thus necessitating some process by which the

original size can be re-established. This takes place by the

formation of what are known as auxospores, which ultimately

form megafrustules, and these in turn multiply b}^ division

until the minimum limit of size has again been reached.

VOL. 55, PART 2. NEW SERIES. 27
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There are also several special processes of reproduction, hut

no occurrence of any of these has been noted in our work

(of. Miquel [14]).

The diatoms in our cultures multiply by simple fission, and

although there is, in nearly every case, a considerable diminu-

tion in size when compared with specimens from the plankton,

this diminution soon seems to reach a limit, where further

decrease does not take phice. In chains of Thalassiosira,

several hundred cells in length, no difference in size between

individuals could be made out. Auxospores are commonly

formed with every species, but only in cultures of Coscino-
discus and Th alassiosira have megafrustules been found,

and in these they are very exceptional. These megafrustules

seem to divide once or twice and then die or form new auxo-

spores. What exactly is the fate of these auxospores, which

are often exceedingly numerous, we have not been able to

make out. It seems that cultural conditions are not favour-

able to this mode of reproduction, and that the auxospores do

not further the multiplication of the diatom at all. If this

were not the case, stages of the formation of auxospores into

frnstules must have been seen in some at least of the very

numerous samples examined. As it is, what has been seem to

take place is, that the cell contents expand and force apart the

valves of the diatom and emerge as a spherical body about

three or four times the diameter of the parent cell. The

chromatophores and diatomin then collect to one side, form-

ing a compact cap against the cell-wall. Beyond this point

no stages have been found, except in the case of the few

cultures where megafrustules were formed. In these the

chromatophores, etc., gradually formed into the shRpe of the

diatom (Coscinodiscus) ; the siliceous coat Avith plain

eccentric markings was easily seen inside the spore; and

lastly, the cell-wall of the spore burst, leaving the mega-

frustule free. The megafrustule was measured and found to

have a diameter three times that of the parent cell.

In the case of the diatom w'e have very largely used for

feeding larvfe, etc., namely Nitzschia closterium, forma
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minutissima, a great number of cultures have been made,

all originating from the single drop from which the first

persistent culture was obtained. The total amount of growth

in all the various cultures has been enormous, and the number

of generations must be quite inconceivable. No diminution in

size has, however, been appreciable, and no sign of any method

of re-establishment of size has been seen, although these cul-

tures have ])een under constant observation for over two years.

This seems to prove that the theory of gradual decrease in

size with successive genei"ations cannot be generally applied.

The following experiment on the rate of multiplication of

Thalassiosira in normal Miquel sea-water was carried out.

A single drop from a fresh and vigorous culture was kept

under a microscope as a hanging-drop preparation in a moist

chamber. The number of diatoms in this drop was counted

from time to time and the results are given in the following-

table :
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Besides diatoms, many otlier ort^anisms appear in these

cultures. We are indebted to Mv. G. S. West for the

identification of a foini of unicelhilar al<(a, which is very

common and difficult to avoid when attempting to o})tain

persistent cultures of the Diatomaceae, namely, Pleuro-

coccus mucosus (Kutz.) Rabenh. This small green alga, if

once introduced into a culture of a plankton diatom, will soon

multiply at the expense of the latter with its ultimate extinc-

tion. It is very hardy, and cultures of it in almost every

medium seem to last indefinitely. Multiplication Ijeyoiid a

certain point probably does not occur, but the cells letain

their colour and normal shape, and will start active repro-

duction if suitable nutrient material is provided.

In cultures inoculated from ])lankton, many other forms of

unicellular and filamentous algte thrive. Several species

belonging to the classes Ehodophy ceae and Myxophj-cete

commonly occur, but we have not been able to identify them.

The most usual filamentous forms of C h lorophycete are

Enteromorpha, A'auchera, Khizocloni u m, etc. It is

interesting to note that it was the unintentional appearance

of young plants of Laminaria digitata in some of our

Petri dishes that led Mr. Drew (4) to cultivate this alga in

Miquel sea-water and so discover its early life- history.

Cultivations of marine algas by these methods would without

doubt yield many new species, and would also provide rich

material for the study of their modes of reproduction.

Many forms of flagellates live either together with diatoms

or alone. Among. these is an unidentified species of Chilo-

monas, which we have obtained in persistent culture. It

multiplies very rapidly, colouring the whole medium a deep

red-browai. It flourishes in Miquel sea-water and its nutrition

is evidently autotrophic. In one culture, in Miquel sea-water

inoculated with plankton, a number of coccospheres developed,

probably Coccosphfera atlantica Ostenf. Other flagellates

and ciliated infusoria are very commonly met with, such as

Bodo, Euplotes, Euglena, etc., which all seem to depend

on the diatoms or other vegetable organisms for their food

material.
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IV. The Eearing of Marine Lakvj^.

In the rearing- of pelagic larval forms of marine animals/

tlie principle wliich we have followed has been to introdnce

into pure, sterile sea-water the larvae to be reared, together

with a -pure culture of a suitable food. As far as practicable

all other organisms have been excluded from the rearing

vessels. It should be added that the food used in all successful

experiments has been of a vegetable nature, and has continued

to grow actively in the vessels. This is important from the

point of view of oxygen supply. Under the above conditions,

or rather under the nearest approach to them at which we

have been able to arrive, no change of water has been found

necessary.

Methods.—It will, perhaps, best make the matter plain

if we first of all describe the actual procedure, which we now
follow in the case of such an animal as Echinus esculentus

or E. acutus. The water to be used is first of all prepared

by treating* water from the aquarium tanks with powdered

animal charcoal, filtering it through a Berkefeld filter (p. 375),

and collecting it in sterilised glass vessels. All instruments

and pipettes are sterilised by baking in an oven, and a fresh

sterile pipette is used for each operation during the pi-ogress

of the work. Specimens of Echinus are then opened until

a perfectly ripe female has been found, that is to say, one in

which the eggs separate quite freely when a portion of the

ovary is shaken in sea-water.

Pieces of ovary, taken from a little below the exposed

surface, are then placed in sterile sea-water in a shallow glass

dish, and shaken with forceps in order to get the eggs well

separated, or a number of eggs from the centre of the ovary

are drawn up with a pipette and placed in the water. A
very small quantity of active sperm from a ripe male is then

added, very little being sufficient to fertilise a large number

of eggs. Excess of sperm should be avoided owing to its

' See " Bibliography," especially Grave (26), MacBride (28-30), Don-

caster (25). etc.
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liability to putrefy. After an interval of ten or fifteen

minutes the water, containing the eggs, is filtered through

bolting- silk of 100 meshes per inch, which just allows single

eggs to pass through, whilst keeping back clusters of eggs

or other large material. The filtrate is divided amongst a

number of tall narrow beakers containing sterile sea-water,

and the beakers, after being covered with a glass plate, are

placed where the temperature will be uniform and not rise

much above 15° C. In the course of twenty-four hours the

healthy larvae will swim up to the surface and can be easily

seen and removed from vessels of this shape. They are

transferred by means of sterile pipettes to jars ^ of sterile

sea-water, about fifty to seventy larvae being put in each jar

of 2000 c.c. sea-water. At the same time, a good pipetteful

of a pure culture of diatom is added to each jar. The small

diatom Nitzschia closterium, forma minutissima we
have found most useful, as its size is suitable, and it grows

well in atiimal-charcoal tank-water, floating throughout the

body of the water, and so being in intimate admixture with

the larviu. The jars are placed in a moderate light and at as

even a temperature as possible." No further attention is

necessary until the larvae have metamorphosed. The meta-

morphosis takes place in from six to nine weeks after

fei'tilisation. Larvt« may be taken out from time to time and

examined to see if they are feeding well. If the diatoms do

not grow sufficiently rapidly in the jar more should be added

from the culture flasks. We are more often troubled, however,

towards the end of an experiment, by an excessive abundance

of diatoms. In this case the jar may either be put in a

darker place, or some of the water may be drawn off and

replaced by a fresh supply of sterile sea-water. Care should

' The vessels we use are ordinary gi-een-glass sweet-jars, having a

capacity of about 2000 c.c, which are kept covered with the glass stoppers

provided with such jars, from which the cork band has been removed.

- In hot weather we often stand the jars in one of the tanks of circu-

lating aquarium water, which maintains them at a veiy uniform tempe-

rature.
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be taken to have a sufficient supply of food at tlie beginning

of the experiment, so that the larvae may be able to feed as

soon as they are ready for food.

The method just described can be modified in various

ways without detriment to the result. Sufficient sterilisation

of the water may be effected by heating to 70° C. for

fifteen minutes, after which it should be aerated by violent

shaking. "Outside Avater" may be used instead of "tank-

water," and may be treated with Miquel's solutions in the

ordinary way, to ensure a satisfactory growth of the food-

diatom.

With regard to the food organisms, we have tried to obtain

as large a variety of these in pure culture as possible, and

then to make trial of a number of them with each batch of

larvae on which we have experimented. If no suitable pure

cultures are available, success can sometimes be obtained by

adding a few drops of tow-netting*, collected with a fine-

meshed net (180 meshes per inch), directly to the treated

sterile water containing the larvas. In this case one depends

on the chance of a suitable food-organism growing in the

vessel, unaccompanied by any destructive organism. On
several occasions a satisfactory result has been reached by

proceeding in this way, and the method is generally worth a

trial, seeing that the number of larvae obtainable from an

ordinary fertilisation is very large and many different

experiments are easily made with them.

We will now give details of some of the results obtained by

making use of the methods described, or of their modifications.

Echinus acutus.—The first successful experiment was

made with this species. Eggs fertilised on June 13th, 1905,

produced healthy larv^, fifty to seventy-five of which were

placed, three days later, in a glass jar containing 2000 c.c. of

ouside sea-water, filtered through animal charcoal, to which

modified Miquel solutions were added. They were fed on a

diatom culture, containing a small species of Cheetoceras,

which did not form chains, a small diatom probably belonging

to the genus Melosira, a small naviculoid diatom, two
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minute flagellntes, uiid a siiuill gi-euu oi-ganism, probably one

of the Pleurococcaceae. The vessel stood in a shallow

tank, through which a stream of aquarium water was flowing

a-nd the temperature was fairly constant at 15° or 16° C,
though there is one record of 19° C. at the end of July. The
first two young- Echiii us were seen on July 25th, forty-two

days after fertilisation, and on August 1st twenty were

counted. On August 5th (the fifty-third day) a careful

search through the jar gave twenty-one young Echinus of

normal size attached to the glass, six minute but fully formed

Echinus, about twenty-three still in the Pluteus stage,

roughly half of which were well advanced. On August 10th

some of the water, which had not been changed since the

beginning of the experiment, was replaced by " outside
"

water. On October 5th (sixteen weeks after fertilisation)

twelve Echinus were still alive. Some pieces of red seaweed

were placed in the jar, upon which the Echinus fixed them-

selves and fed. Several of these specimens lived for over a

year, but sufficient attention was not given to finding suitable

food for them after the metamorphosis, so that they did not

grow very large.

Echinus esculentus.—Three successful experiments

have been made with E. esculentus. In the first (eggs

fertilised April 5th, 1907), "outside" water treated with

animal charcoal and filtered through filter-cloth, but not

otherwise sterilised, was used. A number of jars of 2000 c.c.

capacity containing larva3 were set up, and, to the most of

these, various diatom cultures then in our possession were

added, none of which, however, gave a satisfactoiy result.

In two jars, on the other hand, to which no culture was

added, there was considerable growth of diatoms and of a

flagellate, upon which the Plutei fed. The first young
Echinus were recorded in both jars on June 8th (sixty-four

days),, but may have been present a few days earlier,

l^ventually from thirty to forty metamorphosed in one jar

and about twelve in the other. The temperature varied from
10-5° C. to 12-5° C.
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In the second experiment (eggs fertilised June 8tli, 1908),

made with similar water, the larvas were fed a on pure culture

of Nitzschia closterium var., and six had completely

metamorphosed on July 26th (forty-eight days after fertilisa-

tion), two more subsequently coming through. The teinpera-

ture was generally 15° to 16° or 17° C.

In the third experiment (eggs fertilised March 29th, 1909)

aquarium Lank-water treated with animal charcoal and then

filtered through a Berkefeld filter was used. Plutei fed with a

pure culture of a snuill flagellate (probably Chilomouas sp.)

grew satisfactorily, and eight young Echinus were found on

June 5tli (sixty-eight days after fertilisation), which had

probably metamorphosed some days earlier. Two other jars,

in which Nitzschia closterium var. was used as food,

were not successful, pi-obably because the growth of diatoms

became too tliick towjirds the end of the experiment.

Echinus mi liar is.—In the first experiment with this

species animal-charcoal Berkefeld water was used, each jar

containing, as usual, 2000 c.c. In one jar the Plutei, from eggs

fertilised on August 27th, 1907, were fed on a pure culture of

Nitzschia closterium, var. On October 4th, i.e. thirty-

eight days after fertilisation, one Echinus has just metamor-

phosed. On October 29th about a dozen healthy-looking

Echini were climbing about the jar, and many were still in

a healthy condition on January 8th, 1908. Temperatures :

September, 15° to 19° C. ; October, 16° dropping to 13° C.

towards end; November, 12° to 11° C; December, 15°

to 10° C.

To another jar coutaining larvae from the same batch a few

drops of fresh Plankton were added as food. The Plutei in

this case fed on flagellates and Nitzschia which grew in the

jar, and several metamorphosed.

In a second experiment with eggs fertilised on September

13th, 1907, the larvae were fed with Nitzschia closterium,

but although there were a few well -advanced plutei still

living on January 8th, 1908, none completed the meta-

morphosis.
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Cucumaria saxicola.—A female Cue urn aria, one of a

number in a dish containing "outside" water, laid eggs,

which were fertilised, and segmented on May 12th, 1906. A
number of these were placed in a flask in 800 c.c. of " outside"

water, which had been sterilised by heating and then treated

with animal charcoal and filtered. About 1 c.c. of fine

plankton, containing diatoms, was added to the flask on May
12th. On May 25th some of the water was poured off and a

new supply added. As the amount of food seemed small, some

culture of a green alga (Pleurococcus mucosus [Kutz.]

Rabenh.) was added, and this continued to grow well in the

flask. The larvte continued healthy and formed young

Cucumaria, of which mauy were still alive ou July 25th,

1907, i.e. fourteen months after fertilisation. Some of the

water was changed in this flask on May 30th, 1906, June

18th, 1906, and September 15th, 1906, and July 25th, 1907.

Although many of these Cucumaria remained quite healthy

they did not grow to any great size. Probably the food

which was suitable to the larva3 and early stages, ought to

have been changed as the animals grew older.

Pomatoceras triqueter.—The larva3 of Pomatoceras
are perhaps the easiest to rear, and give the most certain

results of any with which we have experimented. They do

well on the minute variety of Nitzschia closterium, but

will feed upon almost any small diatom. Since the adults live

in calcareous tubes attached to stones, and the tubes have to

be broken open before the eggs can be obtained, it is not easy

to get the latter free from infection of other organisms. If,

therefore, the eggs are fertilised and placed in sterilised

animal - charcoal water with only moderate precautions,

sufficient growth of diatoms or other organisms will generally

take place in the jar to feed the larvae and bring them to the

adult state. When once fixed to the glass the worms are very

hardy and healthy, and a stream of ordinary aquarium water

can be run through the jar. They then grow rapidly and

attain a size equal to any found on the shore. The following

experiment may be given in detail to illustrate the time
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occupied in development. On August 29tli, 1907, eggs of

Pomatoceros triqueter were fertilised in animal-charcoal

Berkefeld water, and some pure culture of Nitzscliia clos-

terium var. added. The larvae fed well, and on October 1st

(i.e. thirty-three days after fertilisation), a great number

had fixed on the sides of the jar and made quite normal tubes.

A constant stream of the ordinary aquarium water was then

allowed to run through the jar, and the worms continued to

gi'ow and flourish, reaching a large size, and are still alive and

healthy (November, 1909). A similar result was obtained

from the same batch of eggs by feeding on a pure culture of

a flagellate infusorian. Temperatures during these two

experiments were between 15° and 19° C.

Chsetopterus variopedatus.—Four experiments were

made with this species. The food which gave most promise

of success was the diatom Nitzschia closterium var.

Larvae from eggs fertilised on July 20Lh, 1908, fed on this

material lived until October oOth, and reached an advanced

stage. They did not, however, adopt the adult habit and

form tubes. Two larvEe were also reared to an advanced

stage by using flagellates, and, in later stages, the diatom

Skeleton em a costatum as food.

Sabellaria alveolata.—One experiment only was made

with this species, on eggs fertilised on July 19th, 1908. The

eggs were fertilised in ''outside" water, and the larvas

subsequently ti'ansferred to jars containing animal-charcoal

Berkefeld aquarium water. They were fed on a pure culture

of Nitzschia closterium var., and kept healthy and active,

and developed well until nearly the end of October, when,

simultaneously with a sudden drop in temperature from 15°

and 16° C. to 12° and 9 C, they sank to the bottom of the

vessel, and in about three days were all dead. Temperatures:

During July and August the temperature kept fairly constant

at about 17° C, with a range from 15° to 19° C. During

September it was generally about 15° C, and continued at

about this level until the fall in the middle of October.

Archidoris tuberculata.—A good many trials have
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l)een made to rear the larvae of nudibrunchiate molluscs, but

up to the present not much success has been achieved. The
best experiment was one made with larvae of Archidoris
tuberculata. A number of veligers of this species hatched

out on May 8th, 3906, from some spawn whicli had just

been collected from the shore. Some of these were put in a

Hask containing 1000 c.c. of sterilised animal-charcoal water,

and about 1 c.c. of line plankton was added. On May 14tli

a few veligers were transferred to another tiask of sterilised

animal-charcoal water and some pure cultui-e of the green

alga, Pleurococcus mucosus, was added. AVhereas the

larvae in the original Hask did not live long, those provided

with the green alga fed well and developed for some con-

siderable time. A number of them were active and vi<rorous

on July 4th, i. e. fifty-one da^'^s after hatching, and several

were still swimming at the end of July. On August 15th

none could be seen moving, but two of those which lay on

the bottom, when examined with the microscope, showed no

sign of decomposition. The animal was retracted in the shell,

but the tissue looked healthy, and the eye-spots and otoliths

could be seen. The growth in the flask seemed to be a

quite pure culture of IMeurococcus. Larvas were examined

again on September 14th, and appeared much as in August,

the tissue still showinsf no sio"n of disiuteo-ration. The flask

was not again examined microscopically until July 2oth of

the following year (1907). No sign of the larvae could then

be seen, but the culture of Pleurococcus remained pure

and healthy.

Subsequent experiments were made with spawn, whicli

was deposited by the females in confinement. Although the

spawn hatched and gave apparently healthy larvge, these did

not live for more than a few days.

Calanus finma rchicn s.—A single experiment is perhaps

worth recording, as showing that it ought to be possible to

rear this species without great difficulty. On August 8th,

1905, to a flask containing 1000 c.c. of outside water

(unsterilised) there was added h c.c. of Miquel's solution B
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and h c.c. of a 1'5 per cent, solution oF anhydrons sodium

carbonate. A tew Calanus fi umarchicus and some decapod

Zceas Avere put in, together witli a quantity of a culture

containing mixed diatoms. On September 8t1i all the Zoeas

were dead, but three Calanus were alive, and Nitzschia
and a number of bottom diatoms were very plentiful. On
September 17th the three large Calanus were alive and

vigorous, and a considerable number of Nauplii were seen

in the flask. By September 22ud two of the Nauplii had

developed into yonng Calanus. These, howevei-, did not

live for more than a week or ten days, and the adults also

died. The flask was abandoned on November loth, the

water in it not havino- been chano-ed since the commencement
of the experiment.

Echinus hybrid.—A successful experiment on crossing

E. esculentus and E. acutus was carried out by Mr.

W. De Morgau, who was working at the Plymouth Laboratory.

We provided him with treated water and diatom cultures for

food, and he followed our methods. We are indebted to him

for allowing us to publish these results. Some eggs from a

ripe E. esculentus were fertilised by active sperm from an

E. acutus, in sterilised water, on March 29th, 1909. Healthy

larvae were obtained, and were transferred two days later to

tank-water, which had been treated with animal clnu'coal and

filtered through a Berkefeld filter. A culture of Nitzschia

closterium var. was added as food, and the larvie developed

rapidly, feeding well. Several were completely metamor-

phosed on May 7th, or thirty-nine days after fertilisation.

In all thirty young hybrids were obtained, and a number of

these are still alive and feeding, on red weeds.

Sacculina carcini.—Mr. Greoffrey Smith has recorded

the fact ('Quart.. Jonrn. Micr. Sci.,' vol. 51, 1907, p. 625)

that he was able to rear the larvae of Sacculina up to the

Cypris stage, when they attached themselves to their host,

Carcinus msenas. These larvae were kept in aquarium

tank-water ti'eated with animal charcoal and filtered through

a Berkefeld filter. In this case the question of , food did not
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arise, as the larvae do not feed after liatcliing. It must be

noted, however, that these larvae had previously been reared

by M tiller and by Del age.

Summary of Method for Rearing Larvae.—We have

found tliat the best results iu rearing marine larvae have been

attained by taking the following precautions :

(1) The eggs of the female selected must be really ripe, and

the spermatozoa of the male active.

(2) The smallest quantity of sperm necessary to fertilise

the eggs should be used.

(3) Sterile sea-water, treated iu such a way that diatoms

etc., will grow well in it, sliould be used. No frequent change

of water is then necessary.

(4) All dishes, jars, instrujnents, and pipettes, should be

carefully sterilised before use. Every possible effort should

be made to prevent the introduction into the rearing-jars of

any organisms other than the larvae to be reared, and

organisms on which they feed. The jars should be covered

with loosely fitting glass covers.

(5) The eggs after fertilisation must be separated from all

foreign matter, pieces of ovary, or testis, etc. As soon as

the larvie swim up they should be pipetted off into fresh

vessels of treated water, so as to leave behind any unseg-

mented eggs, etc.

(6) The food organisms should be small in size, so that the

larva3 can draw them into the mouth by ciliary currents.

The food should distribute itself through the body of the

liquid, and not settle too readily on the bottom of the vessel.

(This is one of the great advantages of the diatom Nitzschia

closterium, forma minutissima.)

(7) The food should be abundant eai-l}--, so that the larvge

may commence feeding as soon as they are able to do so.

The food, however, must not be allowed to get excessively

thick in the water. It can be kept down by diminishing the

light, or by changing some of the water.

(8) The temperature should be kept as constant as

possible. Within limits the actual degree of temperature
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is not so important as the avoidance of rapid changes of

temperature.

(9) A good north light, not exposed to direct sunlight, is

most suitable for the reariug-jars.

(10) In determining the amount of water to be used in any

particular vessel, regard must be had to the amount of water

surface exposed to the air, which should be large in propor-

tion to the volume of the water.

(11) A change of food is generally required, after the meta-

morphosis of the larvae.
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Introduction.

Orley divided the Nematoda into three groups, roughly

corresponding to differences of habitat found in the phylum.

(1) Nematozoa embracing all parasitic forms, (2) Rhabditi-

formge which live free in '"' decomposing organic substances
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or ill earth saturated witli such substances" ; and (3) A iiguil-

lulida3, the rest of the free-living" nematodes, found in soil

or water. Such a classification, grounded on oecology, pays

no attention to tlie facts of morphology, and is naturally out

of phice in zoological arrangement, which aims at expressing

the relationship of animals by descent. The metliods of life

of ail jitiiiiial are, moreovei", largely ruled by the mode of

procuring iiutrimeiit which has been adopted. The first two

groups of Orley are parasites and saprophytes respectively,

but in the A nguil lul ida3 we have a heterogeneous collec-

tion of forms varying greatly in their habits of life. Little

is known of their sources of nourishment save in the case of

a very definite division (e.g. Ty lench u s, Doi-y 1 ai mus),

Avhich live on the juices of ])l:iiits, and for that end are

provided with a small protriisible spear for piercing tissues

and suctorial pharynx for absorbing sap thus set free. The

vast majority of this family, however, possess an unarmed

buccal cavity ; but in all the muscular pharynx i.s constantly

at work, now dilated, now collapsed, constantly pumping

flnid through the alimentary canal. There is no morpho-

logical (distinction to be observed between such a free-livinjr

nematode as is found in the mud of a lake or amongst the

algte of the marine littoral and a Rhabditisor Diplogaster
of the soil. But the latter class can be keot in a culture

1.

fluid which swarms with bacteria, in which individuals of

the former class would speedily succumb. The tissues of a

Rhabditis must be resistant to bacterial action and unharmed

by the toxins which such organisms produce, and the worm
is, in fact, capable of building up protoplasm from the

bacteria themselves or from the products of their action.

These are the most prominent physiological characteristics of

the soil nematodes, Orley's RhabditiforniEe, and account

for the peculiai'ities of their distribution, for they are

apparently absent from dry soils and those Avith a small

admixture of organic matter, and even in soils rich in humus
are only detected in quantity b\^ allowing some animal or

vegetable substance to putrefy on the sample. Sufficient
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attention has not been paid to the part which nematodes play

in the economy of the soil/ but an investigation of this

problem may well reveal results of as great interest as those

which have been pnt on record by Maupas, working on the

sexnal organisation. In the present paper it is proposed to

confine attention to the reprodnctive phenomena in certain

hermaphrodite species, but it is hoped in a subsequent

research to return to the nutrition and distribution of the

class.

Cultnres of free-living nematodes in connection with this

Avork were first started at the Stazione Zoologica, Naples, in

1906, and continued at intervals in the next two years at the

Zoological Laboratory, Cambridge, using for the most part

Diplogaster linstowi. In 1909 I spent.Julyto September

at the Sntton Broad Laboratory, Norfolk, and procured from

the neighbonrhood the two forms, Rhabditis gurneyi and

Di plogaster maupasi, the study of which enables me to

amplify in one or two particulars Maupas' account of the

fi-ee-living hermaphrodite species of nematodes. I wish here

to express my sense of the value of the opportunities for

research afforded l)y the Sutton Broad Laboratory, and to

thank Mr. Robert Gurney for his great kindness to me while

woi'kiiig there.

Summary of Sexual Phenomena in the Hermaphrodite

Species.

Guido Sclineidei', in his 'Monographic der Nematouen'

(1860), fii-st discovt'it'd and put beyond doubt the existence of

self-lertilisnig hei-maphrodiie species of free-living nematodes.

^ The importance of the protozoan fauna of soil has but recently

been realised. Like that of the nematodes their nutrition is composed
of bacteria, and the place they take as a limiting factor in the increase

of nitrifying forms has the closest possible bearing on the fertility of

the soils they inhabit. It is, however, probable that these protozoa are

more widely distributed in soil and so exercise a more important

influence. (See E. J. Russell and H. B. Hutchinson, ' Journ. Agric.

Sci.,' vol. iii. 1909, '• The Effect of Partial Sterilisation of Soil in the

Production of Plant Food," especially p. 141.)
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Ill 1900 Maupas,^ in a l^rilliunt paper, drew attention to many

striking" features in the reproductive phenomena of such

npecies. A full description of uW prior work rehiting to

liermaphroditisrn in the Nematoda is given by Maupas, and I

shall lieie content myself with a short resume of liis own

results, which later will be quoted more in extenso in

connection with my own observations.

The species of the free-living nematodes Rhabditis and

Diplogaster fall into one or other of three categories :

(1) Bisexual species, in which male and female individuals

are produced in equal numbers.

(2) Hermaphrodite species, in which, besides the self-

fertilising protandrous hermaphrodites Avhicli form the great

mass of the species, there are occasional male individuals,

perfectly developed apparently, but taking no part in repro-

duction.

(3) Parthenogenetic species, in which males have not been

found.

It is reasonably supposed that each hermaphrodite species

is derived from a bisexual form by the development of

spermatozoa in the ovary of the female individuals, which

thus become self-fertilising. 'J'he males are now useless, and

have even to a large extent lost their sexual instinct. Their

number dwindles in most cases to an almost imperceptible

figure, but final disappearance does not appear to be reached

in any species, and this persistence of apparently useless forms

is one of the most curious facts recorded in biology.

The hermaphrodite species appear even more numerous than

the bisexual. There is, indeed, some evidence that the con-

version of females to hermaphrodites in the bisexual species is

a present-day process, furnished by the examples of partial

hermaphroditism described by Maupas. An intermediate

condition is shown iu some hermaphrodite species by the

occasional occurrence of pure females, or in the production of

' E. Maupas, "Modes et Formes de Reproduction des Nematodes/'

*Arch. de Zool. Exp. et Gen./ Ser. 3, X. 8, 1900, pp. 463-624, Pis.

xvi-xxA'i.
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spermatozoa in one half of tlie genital gland only, the other

prodncing eggs alone. Maupas emphasises the significant

tact that these species with an incipient hermaphroditism

yiekl the highest proportion of males he was able to chronicle.

This conclusion that the more complete development of

hermaphroditism and the suppression of the male sex neces-

sarily proceed closely together is discussed further below.

It is also highly characteristic of the hermaphrodite species

in general that the sperm each individual produces only

suffices for the fertilisation of a limited number of eo-os, so

that the period of fertility is followed by one even more

prolonged, during which unfertilised eggs are laid, which do

not develop. Such a phenomenon marks the hermaphroditism

of the free-living nematodes as a character comparatively

recently acquired and as yet not shaped by natural selection

in anything like its final form.

Finally, a most interesting result was obtained by experi-

ments with hermaphrodites which had exhausted their stock

of spermatozoa and supplemental males of the same species.

In the rare occasions in which fecundation took place the eggs

which wei-e afterwards laid produced males and females in

equal numbers.^

Systematic Pakt.

Diplogaster M. Schultze.

This genus includes representatives both from soil and

fresh water. But while the former possess a weakly developed

bursa, which indicates the relationship of the genus to

Rhabditis, the latter are without this character, and this

fact, according to Blitschli, affords a natural distinction

between the classes.

^ A preliminary note published in 1908 (" Sexual Phenomena in the

Free-living Nematodes," F. A. Potts, ' Proe. Canib. Phil. Soc.,' vol. xiv,

Pt. IV, pp. 373-5) gave a general confirmation to Maupas' results,

founded on observations on Diplogaster linstowi which was kept in

cultures for over a year and then died out.
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Tlie soil-iieuiatodes belonging to tliis genus differ widely

among themselves, particularly in respect of:' such definite

characters as the niiiiil)er and arrangement of the papillae on

the tail of the male. 'J'he typical nundjer is nine or ten pairs,

but D. gracilis Bi'itschii and othei-s have eight, and D.
robustus jNlaupas, eleven. 'JMie arrangement of the })apillae

is more variable than their numbiM', but in a snjall group of

species, with which 1 am more specially concerned here, the

relative positions are fairly constant and characteristic.

The arrangement of the ])a})illa3 follows the scheme given

below. The numbers correspond to those given in the various

diagrams (see Text-fig. 4).

(1) A pair of papilhe opposite the antei-ior end of the

copulatory spicules. D. robustus Maupas possesses an

extra pair, situated far in front of the spicules. In D. mau-
pasi sp. n., as a frequent variation one of this pair may have

been shifted forward to a markedly pre-spicular ])osition.

(2, 3) Two pairs of papilhe opposite the posterior end of

the copuhitory spicules.

In U. robustus Maupas shows th ree pairs in this position.

(4) One pair slightly post-spicular.

(5, 6) Two pairs, the anterior situated about half-way

between the root of the tail and the anus, and the posterior at

the root of the tail.

(7-9) I'hree small pairs at the root of the tail, more ventral

than the last-named.

Since, then, there is so mnch similaritv between the members

of the group, the species are best distinguished by differences

in size, proportions and biology, to which they are remark-

ably constant.

Common Characters of the Gi-oup.—Buccal cavity

surrounded by lips with short seta3. Within two^ chitinous

teeth. Vulva situated in middle of bodv.~

' Some species of Diplogaster. for instance D.fictor Bastiau,

possess only one bnccal tooth.

^ D. gracilis Biitsclili has a " monoliysteroiis " ? orgr.n ^vith the

vulva a slioi't distance antei'ior to the anus.
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Male with bursa and nine (in one case eleven) pairs of

papillae arranged in manner described above. Spicules

slender, with accessory piece.

Synopsis of Clroup.

(1) Bursa with nine pairs ot" papilla: D. longicauda
Chius. Bisexual species. Length of ? lOOO-loOO ^t; oesopha-

gus fairly long (one sixth to one seventh of whole length)
;

tail long (one third to one fourth of whole length), Germany.

D. linstowi sp. n. Hermaphrodite species. Length of

hermaphrodite 1760//; oesophagus short (one ninth of whole

length) and tail short (one-seventh). Oviparous at first, but

soon became viviparous. Naples,

D. maupasi sp. n. Hermaphrodite species. Length of

hermaphrodite 1024-1232 fx; oesophagus (one seventh to one

eighth of whole length), tail short (one sixth to one seventh).

Oviparous throughout life ; 150-300 fertile eggs always laid at

early stage of cleavage, and then about as many unfertilised

eo'u'S. Norfolk Broads.

(2) Bursa with eleven pairs of papillte. D. robust us

Maupas. Hermaphrodite species. Length of hermaphrodite

2488^; oesophagus short (one ninth body length) ; tail very

short (one ninth body length). First oviparous, then vivi-

parous, after laying 150-230 fertile eggs.

In addition to the sumniar}' diagnosis above the following

characters are distinctive of the two new species,

Diplogaster maupasi sp.n. (Text-figs. 1. 4, 5, 6, 8).

Typical measurements of old i :

Total Head to
'^'^*'

^'^^ ^^}^ ^^ Anus to Length
1 ,. , second bulb ot , ., ,. ^
length. vulva.

oesophagus.
^^^^- ^* ^=•^•

1232 /.t 608^(1) lo2^t(i) 176^t(i) 5-6 ^t

Buccal cavity small, with three indistinct lips, each with a

slender seta, often distinguished with difficulty. Herma-
phrodite at tirst lays eggs at long intervals, more frequently

later. Males often fairly common. Spicules short, slender.
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and jiliiiost colourless; accessory piece small, in lateral view
generally a right-angled triangle, but frequent departures

from this type by the rounding of the angles. Numljer and
arrangement of the bursal papillte strikingly variable.

Text-hg. 1.

B.

dors. vent.

It wns at fir.^t thought that the shape of the buccal cavity

was distinctive of species. The accompanying diagram of

D. maupasi shows liow greath^ the state of contraction of

the mouth aifects the buccal cavity.

Text-fig. 2.

Cxes^ov^ fi£osTf"

D. linstowi s}\n. (Text-Hg. 2).
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T y p i c a 1 111 e a s u r e m e u t s o f o 1 d i :

Total Head to
^^'""^

t^, ^f ^ Anus to
1 ,1

,
second bulb ot ,„.ilength. vulva.
oesophagus.

^^'^

1760 fx 840 ^((i) 200^1 (i) 240 ju (|)

Buccal cavity large^ as broad as deep, with six papillar

lips, each with a slight seta not easily seen.

Males with long and slender copulatory spicules and siout

accessory piece^ elongated and pointed distally (contrast

triangular piece of D. man pas i).

Rliabditis Dnjardin.

(1) R. gurneyi sp.n. (Test-figs. 9, 10).

Measure ni e n t s :

XT T 4. Head to end of a „„ +
T ;i Head to i i h i.-

Anus to
Length. ^ second bulb oi , •i

° vulva. 1 taii.
oesophagus.

Old herma-

phrodite 1456^i 709f.i (A) 243^ (i) 149// (i-yV)

Diagnosis.—Hermaphrodite rather long and slender,

tail short. Lips of buccal cavity indistinct, with very minute

setie; buccal cavity narrow and deep. First division of

oeso})hagus thick. Vulva median. Hermaphrodite gland with

alternating production of spermatozoa and ova. Sperma-

tozoa of large size. Number of fertile eggs laid up to 800.

Male unknown
;
probably never produced.

Locality.—In peaty soil, Longmoor Point, Sutton Broad,

Norfolk.

(2) R. sechellensis, sp.n. (Text-fig. 3).

Measurements :

TT IX Head to end of a„„„ +^
T i.1 Head to i i n ^* Anus to
Length. , second bulb ot ,. -i

° vulva. 1 tail.
oesophagus.

Old herma-

phrodite 680/t 344/t(4) 128/1 (i) 120/, (4 -i)

A male measured 496/t in total length.

Diagnosis.— Small Rliabditis of pale, transparent
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appearance. Lips of buccal cavity indistinct, surmounted b}'

minute sotte, only made out with gi'eatestcare. Buccal cavitj'

narrow and deep. Tail of moderate lengtli. In herma-
phrodite vidva median. Number of eggs produced small

Text-fig. 3.

ace piece

(150 oi" less), mother dying before exhaustion of sperma-

tozon. Males rare, inert. Copulatory spicules short and

thick, accessory spicule small and inconspicuous. Bursa

supported l)y nine rays, arrnnged as in Text-fig. 3.

Locality.—Found in moss from Seychelles; brought

back bv Professor J. Stanley Gardiner.
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Biology in Relation to Methods of Experiment.

To (obtain soil-iiematodes in large quantities,, it is only

necessai-y to place scraps of flesh on samples of rich soil or

mould kept moist and warm, and wait till decay has set in.

Thoug'h the normal nutriment of these animals is presumably

associated with the deca,v of vearetable products rather than

decomposing- animal matter, the latter prove exceptionally

attractive. When once putridity commences, five or six days

more suffice for the appearance of very large numbers of

rhabdites or diplogasters, generally belonging to one or two

species. Before, however, the last remains have vanished,

it is probable that other species will have appeared and

become dominant, entirely replacing the iirst kinds, so that

an alternation is obtained somewhat similar to the succession

of Protozoa in putrefying broth. It seems that the soil

contains scattered throughout it numerous encysted larvse,

for, as Maupas has pointed out, when insufficient nutriment

is supplied to soil-nematodes, the young larvas envelop

themselves in a thick cuticle, and become rigid and immobile.

Tliey are capable, however, of violent contortions, as if for

the purpose of freeing themselves from the cyst, and by

these movements migrate easily through the soil. The

cuticular protection enables them to live uninjured in a dry

environment, so that soilj etc., which has been subjected for

long periods to fairly high temperatuies, will yet yield large

numbers of nematodes when treated in the way described

above. The ])ower of encystment, and consequently of

resisting prolonged desiccation, is confined to the larvas.

Adult worms ao once die when a liquid culture in which

they are contained is allowed to dry np, and the eggs of

these forms are provided only with a thin cuticular envelope,

and are incapable of resisting the vicissitudes to which the

eggs of parasitic forms like Ascaris are successfully exposed.

When, then, anima.l-niatter putrefies on a sample of soil, it is

the encysted larvae which are attracted to its neighbourhood,

where tlun- enieri>-e from theii- cvsts and commence to feed
o
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and grow rapidly. Tlio rate of increase is very great : a

single individual wlicii once it lias become mature will in

five or six days give rise to one or two liundred, the eldest ot

wliicli will 1)0 beginning to lay eggs. But a short interval

then elapses bi-tween the migration of encysted larvaj toward
the putrid meat and the appearance of the swarms of young
worms of the second generation.

It is j)erfectly easy to keep free-living nematodes in drops

of a nutrient iluid^ and observe under the microscope every

stage of their growth and i-eproduction. Each of these drop-

cultui'es is contained in a solid \Yatch-glass and secured against

evaporation byavaselined glass cover. Solutions of peptone

were adopted as convenient culture media, and used almost

exclusively in these experiments. 'J'he solutions were first

allowed to putrefy till a cloudy growth of bacteria had

developed tliroughout the liquid. So favouraljle an environ-

ment for growth does a peptone solution in this condition

constitute, that in four days the eggs laid by a mature

hermaphrodite nematode have themselves produced mature

individuals. It is only in the presence of great numbers of

bacteria, or the substances formed by them, that the nema-

todes thrive so well. In stei-ile solutions growth is suspended,

and eggs are only laid at long intervals, for apparently

nematodes find it difficult or impossible to assimilate peptones

in an unaltered condition. It has not been discovered whether

digestion takes })lace by the secretion of juices dissolving

the protoplasm of the Itacteria, or is merely confined to the

absorption of soluble substances present in the culture fluid

and prepared by the action of bacteria. If the second

alternative be correct, then a parallel is established with the

parasitic nematodes which nourish themselves on the dissolved

and broken-down food of their host. An easily observable

phenomenon of nematodes in culture is the rapid pumping

action of the second oesophageal bulb and the rectum, and

it may be argued from this that the nutriment obtained from

the stream of fluid so constantly passing through the alimen-

tary canal is in the form of easily abstracted soluble substances.
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The iusignificant development of glandular cells (which

ai*e found only in the CBSophagns) may be cited against an

intra-intestinal digestion of the bacteria, and whatever else

its significance may be, the chitinous layer which lines the

aliraentai'y canal throughout must prevent an ingestion of

bficteria by the endoderm cells themselves in such a way as

Colpidium preys upon the bacteria of the soil.

Besides peptone solutions other culture media have been

used in the course of experiment. It was found possible to

raise two or three successive generations in a saturated solu-

tion of gelatin in water, and free-living nematodes matured

from the egg in solutions of amides like tyrosin and leucin,

but in these cases the growth was so much retarded and the

production of fertile eggs so curtailed that only pejitoue

solutions were used for extended experiments.

The temperature at which the cultures were kept varied

from about 18^ C. in the summer to 12° C. in the winter,

though at one period it fell within three or four degrees of

zero. The effect of a temperature approaching freezing-point

was very marked, and showed itself in the almost entire

suspension of growth. Sterility was not induced, but only a

very few eggs were laid every day.

Experiments were also made to find the highest tempera-

tures under which life and reproduction could continue. The

cultures Avere placed in a water-bath which could be kept

down to 25—30° C. Several individuals of the sixth genera-

tion were isolated with the temperature of the bath at 26° C,
going up to 28° C. One of these laid forty-three eggs on

September 8th. By September lltli these had developed

into hermaphrodites of mature size, but although they lived

for several days and were apparently in a quite healthy con-

dition, they never produced mature eggs or spermatozoa.

The ovary was distinctly seen with small nuclei, but there was

no aggregation of yolk. Changes of this kind occurred in the

other cultures.

In addition individuals just ready to lay eggs were isolated

from the cultures at the temperature of the room and placed
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in a bath at 26-28° C. Under these conditions the ovary con-

tinued to ])roduce large-yolked eggs, and at first these wei-e

fertilised and laid, but after they had completed a few divi-

sions they became disorganised. With eggs which later

passed from the ovary into the utei'us fertilisation did not

apparently take effect. No egg-shell was formed, and the

uterus became full of an amorphous, yolky mass.

It seems, then, that the limits of reproduction lie in Diplo-

gaster maupasi between 19° C. and 25° C, though life

may be continued at slightly higher temperatures. It w;is

found impossible, however, to keep cultures at a constant

temperature of over 30° C. 'J'lie individual worms became

rigid and after a short exposure died. It is seen that the

free-living nematodes are most sensitive to increased tempera-

ture in the egg stage, when they can hardly endure high

summer heat. The adult is also likely to succumb at

temperatures which must be common iii ti-opical countries

at least. The encysted larvae are probably the most resistant

stage, and it must be supposed that these animals depend

for their existence in periods of exceptional heat to their

capacities for survival in this condition.

The Males op Hekmaphrodite Species,

(1) Structure and Organisation.

The male sex in Rhabditis and Diplogastei', as in all

nematodes, is sharply discriminated by the relation of the vas

deferens to the alimentary canal, and by the Avell-defiued

secondary sexual characters, including a membranous bursa

for adhesion to the female during copulation, and an arrange-

ment of spicules for insertion into the vulva to facilitate the

transference of the spermatozoa.

The males of hermaphrodite species occurring in such

small numbers, and apparently taking no part in reproduction,

might naturally be expected to show some marked signs of

degeneracy in organs other than the reproductive system.
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In the Cirri pedes we have anotlier clear case of the successful

establishment of hermaphroditism in a group in which the

sexes were originally separate. Here^ too, in hermaphrodite

species there is a survival of the male sex, but the individuals

which represent it are so degenerate in form and structure as

to be described as little more than a bag of spermatozoa, and

so reduced in size as to well merit the title of "dwarf
males.'

^

It is, however, a surprising fact that in no particular of

structural organisation do the males of hermaphrodite species

appear to fall behind those of bisexual nematodes. The
conclusions which Maupas reached on this subjects are summed
up in the following quotation :

" Ces males . . . n'offront rien de particulier et

d'anormal. On ne remarque rien dans leur structure et dans

leur organisation generale qui puisse ies faire considerer

comme des animaux mal venus on mal constitues. Par leur

taille, par Ies proportions de leur corps et par tons Ies details

de leur organisation, ils repondent de tons points au type

male ordinaire des Rhabditides dioique. Leur testicule

luimeuie est constitue d'une f;i^on absolumeut norujule et,

ses produits, Ies spermatozoides, sont palreur forme, leur

volume et leur structure absolumeut identiques ;i ceux que la

glande genitale des femelles produit pendant sa periode

d'activite proterandrique."

My own observations show that there is no imperfection of

development in the residual males of such species as I was
able to study. The spermatozoa were always pi-oduced in

vast quantities and exactly like those formed liy the

hei-maphrodites. When liberated by pressure from the body
oF the male, they could be observed to put out amoeboid

processes like those which Ziegler figures taking up their

position in the uterus of Diplogaster longicauda after

fertilisation. This observation tends to show that the

spermatozoa are physiologically active though the individual

which carries them is prevented from playing its part in

reproduction, possibly by a defect in nervous oi-ganisati^m.
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The experiments of Mm upas with Jlhaljclitis ele<rans
showed that on the raie occasions when males do fertilise

liermaphrodities, the spermatozoa are perfectly efficacious in

the production of emhrj^os. Tiie curious change in the sex-

proportions of the offspring of such unions may, however, be

Tkxt-fig. 4.

eventually traced back to some essential difference in the

spermatozoa of males and hermaphrodites respectively, which

niio-ht be revealed by a thorouo-li examination of the spermato-

erenesis in the two cases.

But though there is no manifest imperfection of organisa-

tion in the males of hermaphrodite species, they appear to be
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sometimes distinguished by extreme variability of the

secondary sexual characters. In such specific characters as

size aud proportions of various parts the males are fairly

constant, but the arrangement of the papilla? supporting the

copulatory bursa aud the shape of the accessory piece of

the copulatoi-y spicules show wide differences. When
Diplogaster maupasi was first obtained from various

Text-fig. 4.

samples of soil round Sutton Broad, the differences existing

between the males found in separate cultures made me
conclude that I was dealing with a number of nearly related

species. It soon became clear that distinct types of male

were not characteristic of each culture, but that even

brothers from the same family often exhibited wide

differences.

The typical arrangement of the bursal papillas in Diplo-

VOL. 55, PART 3. NEW SERIES. 30
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gaster maupasi is shown in A, Text-figure 4. Departure from

this type was found, however, in almost every other specimen

examined. Below are given some of the clearest cases of

variation observed in dealing with a comparatively small

number (about forty) of males.

(1) There should be normally a pair of papillae situated

exactly opposite the anterior end of the copulatory spicules.

One of the most frequent and easily demonstrated variations

occurs when one of the pair (or very rarely both) is shifted

forward a smaller or greater distance. So marked a case as

fig-, c was observed two or three times.

(2) A pair of papillae (4-4') occurs a short distance

posterior to the anus. Only small variations in position were

recorded here, but on one occasion a duplication of the

papilla of one side was observed (fig. d). ('i'he papilla of

the other side was seen on altering the focus, so it was quite

evident that the twin papillae belonged to the same side.)

(3) In the position of papillae 5 and G there is rather

frequent variation ; they are sometimes nearer together,

sometimes further apart. Occasionally it may be seen (when

the animal is lying on its back) that the papillae of the two

sides (5, 5', and G, G') have a tendency to alternate in position

(fig. B shows this, but not very well). An example like fig. b

was observed once, in which one of the papilla?, either 5 or 6,

was duplicated on both sides, and the twin papillae then

shifted apart.

(4) The three small papilla? at the root of the tail (7-9)

are rarely replaced by two.

It is only occasionally on examining these animals that a

frontal view is obtained, showing the rays of the bursa on

both sides. In side views it is often difficult to correctly

observe the position of the papilla?. On this account only a

few definite cases of variation are referred to above. They

were observed in dealing with forty to fifty males.

The accessory piece of the spicular apparatus varied in

form in nearly every individual. Three types are figured.

The first shows the most typical, in the shape of a right-
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angled trangle, with an indentation at the anterior angle. In

the other two the angles become inore and more rounded.

In Rhabditis sechellensis variations in the secondary-

sexual characters are occasionally found, but are much less

numerous than in Diplogaster maupasi. Such variability

as was observed was manifested in (1) inequality of the

copulatory spicules, and (2) occasional asymmetrical dis-

j)Osition of the rays of the bursa.

The only reference to analogous phenomena which occurs

in Manpas' paper is found in his description of Rhabditis

guignardi (p. 525). He obtained only two males, but in

one of these the copulatory bursa possessed on each side nine-

Text-fig. 5.

B.

supporting rays, in the other only seven. In the latter the

remaining rays showed a disposition to fuse with each other,

a phenomenon, it may be remarked in passing, which was

responsible for the asymmetry of the bursal rays in R.

sechellensis. The entire disappearance of two rays is a

variation as great as any recorded above for Diplogaster
maupasi.
The position and number of bursal papillae or rays is looked

upon as clearly diagnostic of species of Rhabditis or

Diplogaster, and as far as I know no striking variation has

ever been observed in the bisexual species. The connection

of such a variability in the males with their disappearance

fi'om the economy of the species is no doubt significant, but

it is impossible to offer any explanation of the facts.
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(2) P r o p o r t i o n s o f ^I a 1 e s in H e r m a p li r o d i t e Species.

Anotliev reinai-kal)le feature of the males of liermaphrodite

species studied by Maupas is their extreme rarity. In only

one out of eleven species investigated was he unable to find a

male; but in others males were only discovered by organising

cultures of very considerable size, contaiuiugseveral thousand

mature worms. So while in the majority of species the males

were less than 0"1 per cent, of the whole number of adults,

the proportion of 4 per cent, to which they rise in Rhab Jitis

marionis affords quitea striking contrast. In Diplogaster

maupasi, one of the species obtained from the Morfolk

Broads, the ratio of male to female is very much more

notable than anything which Maupas records, and does

occasionally approach, though remotely, that equality of the

sexes which is characteristic of the majority of animal forms.

In one large culture the males reached 10 per cent, of the

whole {'M7 i , 38 c? c?),aud in batches of eggs laid by the

same individual up to 30 per cent. (16 eggf>, Hi ,'>o S ^
^^

^go^j 23^, 6(5" c?). These instances are, of course, specially

favourable, and picked from amongst scores of cultures which

did not yield a single male. It is very unlikely that a species

will be discovered uniformly consisting of equal numbers of

males and hermaphrodites. Southern i supposed that in

Rhabditis brassicte he had discovered such a species, but

ill a culture with which he kindly supplied me 1 have been

only able to find males and females, but no hermaphrodites.

To illustrate the manner of occurrence of the males, I give

here an analysis of cultures of Diplogaster maupasi

carried on over twenty-five generations, from August, 1909,

to January, 1910. The whole series of cultures coinnieuced

with a single individual. In every subsequent generation at

least one hermaphrodite was isolated just before maturity to

carry on the succession. Wheu such an individual had com-

menced to lay eggs it was removed every day to another

' Rowland Southern, " On the Anatomy and Life-History of Rhab-
ditis brassica; n. sp.." • Jouru. Eoon. Biol.." vol iv. 1W9. pp. 90-95.
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watch-glass, so that the butch of eggs laid during the pre-

ceding twenty-four hours was kept isolated. Each batch

was carefully counted to compare with the actual number of

individuals attaining adolescence, and in this w;iy records of

cultures which gave the actual sex-proportions were distin-

guished from others in which mortality before maturity

obscured the ti'ue figures. In nny drop culture which con-

tained more than about thirty eggs the crowding which

ensued was distinctly unfavourable to the chances of

survival.

Precautions were adopted in these experiments to prevent

absolutely an association of mature males and hermaphrodites,

and so remove Jiny suspicion of cross-fertilisation in the line

of descent here followed out. To this end the individual

destined to give rise to the next generation Avas separated

before any nude had become mature, or else the males them-

selves were removed from the culture before the last moult,

when they were perfectly recognisable as males, but had not

yet assumed the spicular apparatus necessary for internal

fertilisation.

Both sexes become easily distinguishable a considerable

time before maturity by the position of the developing gonad

and its duct. In the majority of species of Rhabditis and

Diplogaster, the vulva opens at the middle of the body of

the female, and the gonad is paired, so that the immature

hermaphrodite may be recognised by the symmetrical disposi-

tion of the clear ovarian rudiments I'ound the middle point of

the body. In the male the rudiment of the testis is situated

in the posterior half of the body, so that with a little experi-

ence it is easy to distinguish a male, even among a,

ceaselessly twisting mass of other individuals, by the clear

transparent testis running alongside the posterior part of the

gut. Sperm-formation begins, it is true, before the last

moult. But though the body of the male may contain mature

spermatozoa, these can only be conveyed to the hermaphrodite

individual by the co-operation of the copulatory spicules and

bursa. A young male just before the last moult, at which
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these latter are developed, is sliowii in Text-fig. 6. The

proximal part ot" the vas deferens leading into the cloaca does

not appear to be yet fully formed. The cloaca is spacious,

and is produced on its dorsal surface into a pair of definite

pouches in which the chitinous copulatory spicules are formed

at the time of the last moult.

Text-fio. 6.

vas def

cloaca

intestine

The history of the cultures may be divided into alternating

periods, which are distinguished respectively by the frequent

occurrence of males and their entire absence. During the

first six generations, while these experiments were being

prosecuted in Norfolk, the percentage of males was often

quite high in batches of twenty or thirty eggs, and the off-

spring of the majority of individuals contained at least one or

two. In addition, the total number of eggs laid by each

parent seldom exceeded 130 (150 in one case), and the

spermatozoa were not exhausted before death. The seventh

and eighth generations were reared away from a laboratory,
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under conditions which made careful recording difficult. On
removing the cultures to Cambridge a new kind of peptone^

was used for the preparation of a culture-medium, and the

behaviour of the nematodes altered considerably with this

change. In five generations, from the ninth to the fourteenth,

not a single male was produced. The interval elapsing

between the arrivals at maturity of successive genei'ations

decreased from seven days to four, and the number of fertile

eggs laid by each parent rose to between 150 and 300. In

every case the life of the individual was prolonged under

these more favourable (?) conditions, the period of fertile

production being succeeded by another at least as long,

during which sterile eggs were laid.

Later, in the fifteenth generation, the peptone used in

Norfolk was again tried, and at once males appeared

sparingly in the cultures. Later the individuals raised from

certain batches of eggs showed a fairly high ratio (e.g. in

the nineteenth generation [23] 19 i 4 cJ cJ), but in general

males were rarer than in the early cultures of August. After

another removal at Christmas, 1909, the second period of

male production was terminated like the first. It may well

be supposed that the alteration of conditions, slight or other-

wise, which ensues on changing the place of experiment was

directly responsible for the disappearance of the males.

It is not probable, however, that the proportions are

controlled by nutrition, for though at first circumstances

seemed to indicate that the use for a culture-medium of white

peptone acted as a stimulus to male production, from the

fifteenth generation onward four series of cultures were

maintained, two in white peptone and two in brown (which is

the more favourable medium for growth). As mentioned

above, males first appeared in the former medium, but in the

seventeenth generation they were also observed in brown

peptone, and there was no sufficient difference in the

figui'es to suggest which peptone was the better material for

the production of males.

^ In dark brown crystals completely soluble in water.
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In the second table a fuller analysis of the experiments

lasting over the first six generations is given. An attempt

was made to isolate strains, constantly producing high

proportions of males, by breeding from a large number of

individuals of the same generation. Thus in the third genera-

tion a batch of 44 eggs produced 32 i and 12 <^ (5" (about

28 per cent.) did not, with one exception, maintain those

high proportions. One, however, though giving at first

hermaphrodites only, laid a batch of 16 eggs of which 11

became f and 5 ^ S (31 percent.). Nearly all these herma-

phrodites were kept for an examination of their progeny, })ut

five individuals, whose records were kept separate, furnished

strikingly retrogi-ade results, though males occurred in every

case but one. The male ratio was greater in a culture con-

sisting of the offspring of three individuals, renching 11 per

cent, of the whole number. Further selection for the next

generation proved equally indecisive.

In the third generation a control series was also established

by taking sister individuals from a culture in which only

hermaphrodites were I'epresented. The total number of off-

spring of the five parents selected was 319, of which -302 were

i and 17 c^ c^ . This is exactly comparable to the total of

262 i and 15 ($ ^ produced by the five individuals from a

culture Avith 28 per cent, of males. The individual details

are closely similar in the two series.

A brief inspection will serve to show how extraordinarily

irregular is the distribution of males in the progeny of any

single worm. There is no rule that they should appear at

stated intervals or restricting their production to a period or

periods of maturity, but on the contrary the appearance of a

few males from an early batch of eggs may be followed by

a succession of hermaphrodites only and vice-versa; the

last eggs may produce males when there have been only

hemaphrodites hitherto, or, again, males may occur in several

successive batches.
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Sexual Instincts of tlie Males.

Maupas' conclusion that the residual males could not take

any part in the production of offspring is expressed in the

following words: "Mais si ces animaux examines dans leur

structure et leur moi-phologie, representent des males vrais

et completSj il n'en plus de meme loi-squ'on les etudie au point

de vue de ieurs facultes etde leur activite sexuelles . . . ces

males ont a pen pres totalement perdu tout instinct et

tout appetit sexuels. . . . Nous trouvous en presence d'une

decadence psychique non concomitante avec une regres-

sion morphologique."

This conclusion is supported by the inert behaviour of the

males, the fact that they are never seen in copulation with

hermaphrodites, but principally by the results of a fairly full

series of experiments which Maupas made with males and

hermaphrodites which had exhausted their own stock of

spermatozoa. Tiiese conclusively showed that the males have

almost, but not quite, lost their sexual instinct. One species

alone stands as au exception. In Rhabditis niarionis at

various times cultures containing in the aggregate 28 heruia-

phrodites and 42 males were kept under observation. Since

all the spermatozoa of the hermaphrodites were exhausted,

any production of developing eggs was plainly due to the inter-

vention of the male, and thus a measure of the activity of this

sex was obtained. Fertile eggs were laid by 13 individuals

to the total number of 150-200, and all these produced

hermaphrodites. This species is one of those for which

Maupas described a partially developed hermaphroditism,

and the author himself regarded it as specially significant

that in such a form the male should be less degenerate.

The most 'complete series of experiments was made with

Rhabditis elegans. Here, in twelve cultures, a total of

139 hermaphrodites with their own sperm exhausted and

males were associated. X)nly six of the hermaphrodites were

actually fertilised, a proportion which illustrates exceedingly
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well the sexual inactivity of the males. Tlie chief point of

interest lies in tlie constitution of the offspring of these six

individuals. Tlie young produced numbered 274, and of these

147 were hermaphrodites and 127 males. So numerical

equality of the sexes is secured in this species by cross-

fertilisation, a i-esult in striking contrast to that obtained when

R. m a rio u is was the subject of investigation. No permanent

effect was produced on the heredity of sex, for when 38 of the

hermaphrodites obtained by fertilisation by males were em-

ployed as parents for tlie next generation, 2964 individuals

were produced, of which only 7 were males, but the rest

hermaphrodites.

Further evidence of the psychical decadence of the males

was secured in other species. Though nearly 100 males were

employed belonging to five species only a single successful

case of re-fecundation was observed, and in this (Rhabditis

duthiersi) the fertilised eggs gave 70 hermaphrodites and

1 male.

The HERMAt'HRODiTES IN Hekmafhrodite Species.

(1) The Hermaphrodite Glands in Rhabditis and

Diplogaster.

In Rhabditis sechellensis the structure and develop-

ment of the reproductive glands exactly correspond to the

desci'iption which Manpas gives of R, elegans and R.

dolichura. Though no new details can be given, it will be

convenient to summarise the changes which the hermaphrodite

gland goes through before oviposition commences in any of

the above three species. The three diagi-ams which illustrate

the description are partly after my own drawings for R

.

sechellensis, but closely follow Maupas' sketches of R.

dolichura in Plate XXI, figs. 7a, 7b, and c.

The hermaphrodite organ is double, its two divisions being

of equal development, and joining at the short and indefinite

common vagina. Each division is U-shaped, and consists of

a uterus, which extends from the vagina to within a short
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distauce of the bend of the tube, and an ovo-testis, occupy-

ing the proximal part of the ventral limb and the whole of

the dorsal limb. In individuals examined some hours before

the first egg is laid the whole of the ovo-testis appears to

consist of cellular elements of nearly equal size, which possess

definite boundaries near the bend, but merge into a syncytium

distally. The anterior testicular region is indicated by the

more regular polygonal form of a comparatively narrow belt

•of spermatocytes which succeed the uterus. The young egg-

Text-fig. 7.
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cells which come next are all of small size, and can hsivdly be

distinguished from the male cells. Text-fig. 7, a represents a

stage where the testis has begun to function, and several

spermatozoa have been formed in the anterior part of the

testis.

In the second stage (b) sperm formation is in full activity,

or may even be completed by the conversion of all the

.spermatocytes into spermatozoa. The female part of the

gland now begins to show functional activity by the growth

of the oocytes most anteriorly situated. The width of the
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goniidial tube is so small in comparison with the size of the

egg that the growing oiicytes are arranged in a linear series.

The oocyte nearest maturity is just posterior to the sperm-

forming region, and behind it is a line of developing

egg-cells showing the stages ot" growth from tiie scarcely

differentiated oogonin. The spermatozoa as fully formed are

small circular discs, capable of amceboid movements when

effecting fertilisation. They remain in the i-egion of the

gland where they were formed, so that what was testis in

the first stiige becomes receptaculuni scruinis in the

second. In its formation, since the spermatozoa occupy a

much smaller bulk than the spermatocytes, the recepta-

culuni seminis shortens considerably ; its epithelium is of

course the investing layer of the testis. The spermatozoa

are now so disposed that the ripe ovum can pass out of the

ovary and through the receptaculuni seminis without its

motion being impeded. During its passage a single sperma-

tozoan fuses with the esrsr-cell and brink's about fertilisation.

The fertilised egg immediately becomes enveloped by a

cuticular shell, and lies for some time in the uterus under-

going segmentation before it is finally ejected to the exterior

by the pressure of eggs from behind (Text-fig. 7, c). The

formation of ripe eggs after the first is perfectly regular, and

fertilisatio:i occurs in every case. Since, then, the whole

quantity of spermatozoa is formed before the first egg is

i-eady for fertilisation, it follows that a limit is set to the

nunibei' of fertile eggs it is possible to produce, and as a

matter of fact this limit is reached at a compai-atively early

point in maturity. When the receptaculuni seminis is

completely emptied of its spermatozoa eggs still continue to

be laid at a uniform i-ate, though they never develop to larva;.

Ill Diplogaster maupasi (Text-fig. 8) events follow a

very similar course. There is, indeed, one difference in detail

during the early })eriods of egg-laying which may be briefly

mentioned. The proximal limb of the gonad is shorter, the

distal longer than usual. The former is entirely occupied by

the uterus and testicular region, and the ovaiy is confined to
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the distal limb. Possibly in accordance with this shortening"

there is no linear succession of egg's increasing regularly in

size in the anterior part of the gland, but each egg grows and

reaches its full size before the one next in order begins to

differentiate itself in s\'/jti from the other oogonia. After an

egg has passed out of the ovary and been fertilised, a period

of some length elapses before the next finishes its growth in

the ovary and travels through the receptaculum in its turn.

It is only in the early stages, however, that oviposition is a

slow process, for as the period of maturity advances, the

zone of egg-maturation increases in length, and oogonia are

able to start their growth long before the ovum in front is

Text-fig. 8.

ready to be fertilised. Tlie deliberate character of egg-

production in D. maupasi is responsible for the fact that few

individuals are seen with more than a single pair of eggs

contained in their uteri.

Rhabditis gurnej'i.—When this species wns first

examined large numbers of adult individuals were obtained

from cultures of decaying flesh. Amongst these a few wei"e

seen which, judging by their size, had only just attained

maturity, but whose uteri and vaginte were occupied by dis-

organised eggs, as iu hermaphrodites, which have exhausted

their stock of spermatozoa. It was at first supposed that this

was such a species as Rhabditis mar ion is (cf. Maupas,

p. 512), in which a small number of females producing eggs

only occur together with the hermaphrodites. When, how-

ever, young immature worms were isolated, they were often
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seen to a stage, sometimes extendiug over several days,

daring which eggs passed into the uterus and degenerated.

Later, liowever, the amorphous egg material was expelled

and its place taken by fertile eggt^ which continued to be

produced in large numbers. In this species, one could easily

see, the hermaphroditism was not protandrous, but the

formation of spermatozoa was sometimes delayed till a number
of eggs had ripened. In some cases, it is true, fertile eggs

are produced from the first onset of Ujaturity, and at first

sight there is nothing to distinguish such forms from the

typical protandrous hermaphi'odite found in other species.

But beside such an introductory period of infertility, there

may be later interruptions of egg-production, which indicate

a failure of the stock of spermatozoa. Frequently this is

but temporary, and the worm begins again to lay fertile

eggs. ^o short sometimes is the duration of sterility that

it is indicated only by the ejection of one or two disorganised

eggs, and very often only one gonad contains a supply of

spermatozoa while they are lacking in the other.

It is, then, suggested by the culture observations, and fully

borne out by examination of the glands under high powers of

the microscope, that eggs and spermatozoa come to maturity

more or less alternately throughout the period of reproductive

activity.

Structure of the Gland.—In the general form of the

reproductive glands of R. gurneyi there is no departure

from that described above for other species of the genus. At

various periods of development the arrangement of the histo-

logical elements differs rather widely from the typical pro-

tandrous gland. Text-fig. 9 shows part of the reproductive

organ of a hermaphrodite which has just attained maturity.

It will be seen that reproductive activity commenced with

the formation of a very small number of spermatozoa (sj).^).

And after the maturation of a single egg {(>i\^) a more

numerous succession of spermatozoa {s-p.'~ and s}).^) \Vas pro-

duced, only briefly interrupted by the appearance of another

single egg {ov.~) which has not yet reached the limit of its
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growth. After this, a prolonged period of egg-formation

appears likely, for posterior to the spermatozoa there is a

single row of developing egg-cells (ov.'') gradually diminishing

in size and quantity of yolk, till in the middle of the limb the

ovary becomes an undifferentiated syncytium. In this gonad

Text-fig. 9. Text-fig. 10.

OV.2

Sp. 3

ev.3

sp 2.

ov. I.

SP.I. •

Sp.O. -v--

10.

.©

:&

<2>

Oo
,o o'

ooo\
ono ,._

oo<

o.oO|ooy
loo.

)oor

;iO;v;

we have at one time the evidences of three alternations of

male and female activity within a very limited period.

In the second individual figured (Text-fig. 10) maturity is

rather further advanced. The results of the early activity

of the gonad are large numbers of spermatozoa and a few

eggs. A series of developing ova now promise a long period

of female productivity. There is an interesting departure
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from the appearance ot developing sperm-cells and egg-celU

in successive belts, for here cells lying side by side may give

rise respectively to spermatozoa and eggs. In one case tlie

sperm-cells seem to have been actually formed at the expense

of the ovum. The early maturation of the spermatozoa will be

noticed here, which terminates while young egg-cells forming

from a mother-cell of the same age have only completed the

first stages of their growth,

(2) The Fertility of the Soi 1-ne matodes.

The hermaphrodite species of Khabditis and Diplo-

gaster are distinguished from the bi-sexual, as Maupas points

out, by their lesser fertility, a character which indicates the in-

completeness of the hermaphroditism. In eleven of the twelve

species investigated by Maupas the number of fertile eggs

laid by a single hermaphrodite individual varied between 200

and 250, while in the twelfth (Rhabditis guignardi) the

limit of production rose to 500 or 520. Maupas states that

the female of a bi-sexual species is, on the other hand, capable

of laying 701) to 800 fertile eggs. The low fertility of the

hermaphrodites is due to the insufficieucy of the supply of

spermatozoa, for if to the number of fertilised egg^i be added

that of the unfertilised eggs laid when the male gametes are

exhausted, it may be seen that a hermaphrodite produces as

many eggs as the female in a bi-sexual species. Individuals

producing 200-250 fertilised eggs will afterwards lay two or

three times as many unfertilised,^ so that the total equals the

figure given for the bi-sexual species.

Fertility, then, in these hermaphrodites is entirely controlled

by sperm-production, and probably the actual number of

spermatozoa formed in an individual is given or very closely

indicated by counting the eggs laid which develop into larva?.

In these experiments the eggs laid by each parent were

counted every twenty-four hours from the beginning o:

maturity onwards, and the mother then removed to a fresh

drop of peptone. Usually after about six days of active ovi-

' Maupas. loc. cit., p. 587.
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position the spenna-tozoa become exhausted, but it is difficult

to obsei"ve exactly wheu the limit has beau reached, because

the hi'st laid uufeftilised eggs undergo a kind of incipient

parthogenetic developmeut. Such eggs possess a shell like

fertiUsed eggs and they complete a few divisions, but the

blastomei-es are more regular and equal than in normal seg-

mentation; the egg-substance appears greatly shrnuk, sotliat

a wide space occurs between it and the egg-shell.

An examination of the table of descent of Diplogaster
mau[)asi will show how widely the fertility varies in a

single species even under apparently uniform conditions. A
few entries may be specially quoted here for comparison, each

pair of individuals being taken from the same generation of

nearly i-elated strains and supplied with the same nourishment

:

(1) 12th generation October 20th-25th, 257 eggs.

r2th generation October 18th-22nd, 153 eggs.

(2) 14th generation October 2oth-31st, 143 eggs.

15th generation November lst-5th, 285 eggs.

In this case a parent with low fertility gave in the

next generation exceptionally prolific offspring.

(3) 14th generation October 25th-31st, 192 eggs,

15th generation JSTovember lst-6th, 229 es'S's.

Other cases fall within the wide limits indicated above, so

that it may be concluded that under favourable conditions a

hermaphrodite individual of D. maupasi will lay 140-290

eggs. It is not pretended that such figures as these prove that

it is impossible to select strains characterised by high and low

fertility respectively, but as far as my observations go, there

is a fluctuating variability, not governed by the laws of

descent nor always directly traceable to minor changes in the

environment.

The influence of external conditions is, however, very great,

and especially is this the case with nutrition. In peptone

solutions of every kind, the number of eggs laid depends

upon the development of bacteria in the culture-medium.

When the peptone is fairly sterile the nematode only lays

eggs at long intervals, and eventually dies when only a score

VOL. 55, PART 3. NEW SERIES. 31
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or so of eggs have been expelled from the uterus. In such a

case of course the diminution in fertility is due to tiie small

amount of nourishment supplied to the ovary, which is only

enaljjed to ])roduce a liuiited number of eggs. AMien a

cloudy film of bacteria is seen at the bottom of the culture-

drop the conditions are exceptionally favourable for the

growth of the nematodes, and fei'tile eggs are laid i-apidly till

the spcrmato/iOa are exhausted. IF, instead oP peptone, a

saturated solution of gelatin be used ;is ji culture-medium, a

vevy different effect is produced. For the first day or so after

a woi-in is moved from a peptone solution into gelatin the

rate of egg-production is fairly maintained, but afrerwai'ds it

sinks very low indeed, though the life of the ])ai"ent and the

period of fertility is much longer than that of individuals in

peptone. Thus, for instatice, for two hermaphrodites of the

same generation bred in peptone but kept during maturity in

peptone and gelatin respectively, the following figures were

obtained :

(1) Peptone. (2) Gelatin.

Sept. 2nd-4th, 28 eggs. Sept. 2nd-4th, 19 eggs.

„ 4th-5th, 32 „ „ 4th-15th, 17 „

„ 5th-6th, 21 „

„ Cth-7th. 20 „

Total for 5 days 101 eggs Total for 13 days 36 eggs

When a second generation of Diplogaster maupasi is

raised in gelatin, when about twenty fertile eggs have been

pi-oduced the uterus contains sterile disorganised ova. It

appears from this that the effect of the substitution of gelatin

as a foodstuff is not merely to curtail the formation of eggs

in the ovary, but also to very considerably limit the number

of spermatozoa produced.

Though under favourable conditions the average fertility

varies between two and three hundred in the majority of

species now known, there are undoubtedly some which

normally produce a very much smaller number of offspring.

In the summer of 1907 I had under observatiou a species of
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E-habditis from the neighbourhood of Cambridge which I

cannot adequately describe from the notes taken at the time

It was remarkable for the very small proportion of fertilised

eggs laid by each individual. In one family six hermaphro-

dites were selected before maturity, and their fertility com-

pared. In eacli case the separate numbers represent the

eggs laid in a day, and those in brackets tlie total of fertile

eggs:

A 1, S, 1, 1, 7= [24] B 9, 10, 4, 4=: [27] C 9, 9, 3, 2= [22]

D 7,4, 12, 8, 2 = [33] E 9, 7, 7, 5, 3= [31] F 7, 6, 1,1= [15]

These cultures were carried on in July. Others, began

later in August, gave rather higher numbers, e.g. :

A 1, 7, 13 (and 2 unfertilised eggs), 12, 1=[34]
B 14, 3, 8, 6, 5 =[36]
C 15, 17, 11= [43]

D 8, 10, 8, 5, 2= [33]

In A of this second series it will be noticed that the succes-

sion of fertilised eggs was interrupted temporarily, but

whether this was due to a retarded production of spermatozoa,

as in Rhabditis gurneyi, or to some other cause, was not

discovered. It is much to be regretted that no trustworthy

observations on the occurrence of males were made, for a

species like this in which the hermaphroditism is of such an

apparently recent and inefficient type, should, according to

Maupas' conclusions, possess a very large proportion of

males, which was not, however, observed. It is hoped that

the species may be rediscovered and this point investigated

again.

Rhabditis coronata Cobb, which Avas investigated by
Maupas (pp. 537-541) and shown to be a protandrous herma-

phrodite, is probably a similar form with very low fertility.

No figures are given of the total of eggs laid, but it is

mentioned that an isolated hermaphrodite only laid six eggs

in twenty-four hours, and that in general eggs were laid very

slowly. An interesting feature shown in Maupas' drawing

of the species (PI. XXI, fig. 8) is the small size of the ovarian

part of the gland, which might well account for a restricted
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egg-production. In the Cambridge specieis of Rliabditis, on

the other haud, the early sterility was certainly due to the

extremely small number of spermatozoa. The length of the

ovary was proportionately as great ;is in other species of the

genus.

Rliabditis gurneyi, in contrast to tlie two species last

discussed, is a free-living hermaphi-odite nematode which has

departed from the protandrous hermaphroditism, which we
regard as the earliest development from the bisexual state.

In consequence it far surpasses others of its kind in fertility.

The spermatozoa are of unusual size, and possibly because of

the difficulty of providing sufficient space to store a sufficient

number at once, they are produced alterniitely with eggs

throughout a great part of the period of reproductive activity.

As a result of this adaptation each individual is capable of

laying as man}^ eggs as a bisexual female, wliich frequently

has its supply of spermatozoa replenished by copulation.

It must be remembered that in many cases the hermaphro-

dites of this species only produce unfertilised eggs in the

initial period of oviposition which represent a total loss to

the organism. When once this critical period has been

passed, and a sufficient supply of spermatozoa established,

fertile eggs are produced at the rate of 60-80 each day, or

distinctly faster than in the case of Diplogaster maupasi
and others.

For figures to illustrate the fertility of Rhabdi tis gurneyi

the following case is given. From the offspring of a single

individual six immature hermaphrodites were selected.

When maturity was reached the eggs laid every twenty-four

hours Avere counted, and the parent removed to a fresh

culture drop in the manner described above for Diplo-

gaster maupasi. The dates in each case mark the period

over which oviposition continued.

(a) September 6th-17tli, 525 fertile eggs.

(b) „ 7th-17th, 686 „

The figures here are not complete, for the cultui-e dried up

while the parent was still laying fertile eggs. When 343 had
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been produced a prolonged failure of spermatozoa, lasting-

twenty hours, occurred in one of the glands, so that 16

unfertilised eggs were laid with egg-shell, and the uterus

beside blocked by disorganised egg material, while the other

produced 40 fertilised eggs. After this interval developing

eggs were counted to the number of 300.

(c) September 7th-12th, 168 fertile eggs.

(d) „ 9th-20th, 730

(e) „ 7th-17th, 362

(f) „ 7th-10th, 81

Out of the six individuals two laid about 700 eggs each,

and though the figures obtained from the others show a high

variability, this is partly to be explained by the very marked
influence which even a slightly unfavourable change in the

conditions can exert on sperm production. In cultures Avhere

several individuals are crowded together, it is noticeable that

very few eggs are laid, and that the uterus of the worms
speedily becomes crammed with disorganised eggs, shoAvino-

that the sterility is caused by the failure of the male, not the

female gametes.

In conclusion, it must be stated that the hermaphrodite

species are apparently as successful as the bisexual species in

the struggle for existence, for they are found in equal, or

sometimes in greater abundance in nature. Evidently, though
the means of dispersal of the species is limited by their

generally low fertility, an advantage which more than counter-

balances is secured by the self-fertilising capabilities of each

individual.

(3) Partial Hermaphroditism.

It is here proposed to examine the description of certain

species which are said to form a genuine link between the

bisexual and hermaphrodite species. The species which

Maupas deals with ai-e Hhabditis marionis, R. duthiersi,

and E.. viguieri.

(1) R. marionis.—A single hermaphrodite kept under

observation Avas found to lay only 129 fertile eggs, while
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other individuals of the same species produced about 250

before their spermatozoa became exliausted. A closer exami-

nation of a similar hermaphiodite led to the discovery that

spermatozoa were only produced in one genital gland ; from

the other only unfertilised eggs were traced. In half its

reproductive system the animal was hermaphrodite, in the

other female. A few individuals were also noticed in which

both genital glands apparently gave rise to eggs alone and

never sperm, 'i'iie species is thus constituted of— (1) pure

females (occurring very rarely) ; (-) individuals with one

ovai'y and one ovo-tostis ; and (3) full licrrmiplirodites forming

the majority of the society. No mention is made of any

variation in feitility among this latter class, but we are led

to believe that all individuals fall into one or other of three

sharply marked categories, according to the condition of their

gonads. In the light of the results recorded above for otlier

species this seems so remarkable that I think this case should,

if possible be re-examined.

(2) Rhabditis duthiersi.—Thi-ee hermaphrodites were

observed, each producing fertilised and sterile eggs simul-

taneously, and it is suggested that these were possibh'' semi-

hermaphrodites of the type described as occurring in R.

marionis. It may, however, be pointed out that in

R. gurneyi individuals are found with a similar appearance

when the formation of spermatozoa is retarded and does not

commence simultaneously on the two sides.

(8) Rhabditis viguieri.—In this species the proportion

of males was the largest met with by Maupas (though falling

far short of some of the records for Diplogaster maupasi).

Males formed 4 per cent, to 5 per cent, of the total in large

cultures, and it is almost certain tliat the proportion would

have been larsfer if single individuals had been selected for

cultures.

Of the other individuals some were fetnales, which, when
isolated, never produced offspring, but when united with

males laid fertile eggs. The larvae from such unions, it is to

be regretted, were not kept. Hermaphrodite forms were in
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a substantial majority, and it may be useful to quote Maupas'
words as to the relative frequency of the three kinds of forms :

'' Les females non-hermaphrodites mais simplement unisexuees

sont egalement tres frequentes. II ne sufEsait, en effet, de

placer sovis le microscope une dizaine de femelles prises au

hasard pour en recontrer une ou deux nnisexuees. Les

femelles simplement unisexuees y sont meme plus nombreuses

que les males qui les fecondent sans difficulte. Eu resume,

chez cette espece les males encore relativement nonibreux

paraissent avoir conserve leur instinct sexual intact."

It is evident that this species, conld it be re-discovered,

would form a most interesting- subject of study. A precise

investigation of the comparative frequency of females and
hermaphrodites, and in particular of the relative effects of

self- and cross-fertilisation on the sexual constitution of the

offspring, would prove of the utmost value.

^

(4) The Nature of Hermaphroditism in the

Nematoda.

The evidence that the hermaphrodites described by Maupas
and myself represent the females of bisexual species, in which

a part of the gonad has been given over to the formation of

spermatozoa, is, indeed, overwhelmingly strong. Hermaphro-

dites and females are identical in general anatomy, and the

arrangement and form of their gonads are strikingly similar.

Then, too, there exist a series of species showing the develop-

ment of hermaphroditism from small beginnings in species

where the ratio of fertilised eggs to unfertilised is very small,

until in Rhabditis gurneyi the number of spermatozoa is

almost equal to that of the eggs they are required to fertilise.

Lastly, there are, apparently, species like Rhabditis
viguieri which have not yet decided between bisexuality

and hermaphroditism, and present an assemblage of pure

' In Diplogaster mauj)asi, though careful watch was kept only

one liermaplirodite was found which failed to develop spermatozoa (see

Table I, fifteenth generation).
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females, mnles and lieniiaplirodites, in cultures proLaLly

derived from nearly related individuals.

Siniilarl\', the various species may be arranged in gradation,

to show the su]ipressioii of the male sex. In Diplogaster

maupasi the males occur occasionally in such proportions as

Text-fig. 11.

to recall their original numerical equality Avith the female sex.

But this species, in the majoiity of cultures and most cithers,

at all times produces males in exceedingly small numbers.

Finally, in Ehabditis gurneyi the male has possibly

entirely disappeared, though of this it is difficult to adduce

positive pioof.
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There are, ])owever, some indications that it is not tlie

female alone which is capable of developing- a hermaphrodite

gonad. luRhabditis elegans Maupas records (pp.491—

492, PI. X.V11, fig. 2) the occurrence of large egg-like cells

in the testis. A similar phenomenon has frequently been

i-ecorded as characteristic of the normal male gonad in

Crustacea (Orchestia), and in other Crustacea the appear-

ance of eggs in the testis, without doubt to be attributed to

the indirect action of parasites, is so definitely associated

with the development of female secondary sexual characters

as to indicate a change to hermaphroditism. In Rhabditis

elegans the phenomenon is very slightly manifested, but

there are indications that a very much more complete change

is imposed on the male of Bradynema rigidum, a nema-

tode parasitic in the body-cavity of the beetle Aphodius
fimetarius.i This animal is so adapted for its parasitic life

that mouth and anus have disappeared, and the aliuienturv

canal, in the larva represented only by a single column of

cells, has left not the slightest trace in the adult. In the

autumn immense numbers of larv£e (up to '51 mm. in lengtl))

are found in company with one or two adults in each host.

These larvae may be divided equally into females, whose

genital glands, paired and situated in the middle of the body,

have only attained to a rudimentai-y development, and males

(Text-fig. 11, a), in which the testis, situated posteriorly in

the body, often contains mature spermatozoa. When in this

stage the larvas bore through the walls of the alimentary canal

and disappear. No intermediates are known between these

forms and the adults 3-5i mm. in length, with a single excep-

tion to be described later. In the adult condition thei'e is only

one class of individual with a long and vastly convoluted gonad

opening to the exterior in the very posterior position which

is occupied by the anus, in nematodes with a functional

alimentary canal. It is this circumstance which led zur

Strassen to derive the adults from the male larvae, for if they

are developed from female larv^ there must have occurred a

1 Zur Strassen, ' Zeitschr. f. wiss. Zool.,' t. 54, 1892, pp. 656-747.
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sliiffciiio- of the gonad during growth from a median to a

posterior situation, and the conversion of a double rudiment

into a single mature organ. In tlie most advanced male

larva) the gonad is completely occupied by a brownish mass

of spermatozoa save for an apical cluster of indifferent cells

(inset to M'ext-fig. 11^ a), and zur Strassen supposes that

when the larvae begin to grow rapidly these cells proliferate

and foi'iu an ovary. In a single example ot "75 mm. length

(Text-lig. 11, b) the testis was represented by a receptaculum

seminis full of spermatozoa, and this was succeeded by an

ovary still slightly developed and oidy posteriorly situated.

]n the jidiilt (Text-tig. 11, c) the growth in size ot" the

gonad has been so enurnioiis that the wlude of the body-

cavity is occupied by it. The ovary and oviduct together

form a narrow tube running twice the length of the body.

Then succeed the receptaculum seminis, and lastly, the uterus,

with a diameter nearly equal to that of the animal itself, runs

from near the anterior end to the genital aperture. The
great difference between this and the intermediate stage has

been effected bv the growth of the uterus with the fertilisa-

tion of the e"'0's.

Though in the absence of other intermediate forms it is

impossible to produce clear proof that events take their course

as indicated above, yet it is probable that the female sex,

though represented by larva?, disappear without functioning,

while in the males, after the spermatozoa have been formed,

ova are produced in large quantities by the residual cells of

the gonad. The evidence for the derivation of hermaphro-

ditism in Rhabditis and Diplogaster from the female, and
in Bradynema from the male, is in both cases of essentially

the same nature, and depends on

—

(1) The recognition both in the original sex and the

hermaphrodite derived from it, of a constant pattern of

reproductive organ.

(2) The discovery that the gonad of one sex is capable of

developing the gametes of the other sex.

If zur Strassen's explanation is accepted, then in the limits
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of the Neniatoda it is found that now the female, now the

male, carries the characters of the other sex in a latent state,

and when these are wakened to activity secondary herma-

phroditism is developed. In Mendelian terminology either

sex may be heterozygous. Moreover if the cytological phe-

nomenon described by Maupas (p. 491) for Rhabditis

elegans really shows that the male in that species is

heterozygouSj we are then forced to the hypothesis that both

sexes are heterozygous in one and the same species, and at

the same time. The phenomena of cytology and heredity as

at present known in other groups, e.g. the Iiisecta, are

capable of such diverse interpretations that it is impossible to

say whether such a case as this suggested above is anomalous

or no.

(5) Self-f ertilisation in Animals.

Among hermaphrodite animals authentic cases of self-

fertilisation are by no means common. In the Trematoda

the rule of cross-fertilisation may occasionally be departed

from, but only possibly in cases where the spermatozoa dis-

charged into the body-cavity of the host find their way back

into the female aperture of the same individual. Veiy little

is known about the methods of fertilisation in the Cestoda.

The evidence for self-fertilisation rests upon two observations,

one by Leuckart of a penis inserted in the vagina of the same

proglottis, and the other by Pagenstecher of similar i-elations

between penis and vagina of adjacent proglottides.^

In the MoUusca it is easier to prove by the isolation of

individuals the possibility of reproduction without cross-

1 In the Rhabdoccel Turbellaria self-fertilisation is a very widely

spread phenomenon and often the nsnal method of reproduction. Its

existence has been put beyond douljt Ijy the observations of individuals

raised from the egg, but sncli experiments have not apparently l)een

continued over several consecutive generations. In some forms the

penis effects self-impregnation, in others there is no copulatory organ

or female aperture and the spermatozoa migrate through the Ijody tissue

to the ovaiy (see Bresslau, ' Verb, deutseh. zool. GeseU.,' 1903, p. 126,

and especially ' Sekera Zool. Anz.,' Bd. xxx, 1906. pp. 112-153). It must

be noticed that in the three chief cases, the Turbellaria, the Neniatoda,
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fertilisation. A. H. Cooke quotes two cases in the Cambrid<,'e

Natuial History, volume " Molhiscn/' In both Arion ater and

Liiinasa auricularia, individuals isolated from birth pro-

duced fertile spawn, although in somewhat limited quantities.

In the Annelids a case has recently been described by

Pierautoni^ in Protodr i I us. Ova are developed in the ante-

rior seg'uients, spermatozoa in the posterior, and a large pro-

portion ot:' the former are fertilised while still in the body-

cavity. There is, however, a second method of reproduction,

when by the rupture of the body-wall of the hermaphrodite

the whole number of the eggs is discharged into the sea. At

the same time certain male individuals commonly occurring

in the species emit their spermatozoa, which unite with such

eggs of the hermaphrodite as have escaped self-fertilisation.

In the Crustacea heruiaphroditism is largely developed in

two groups, the Isopoda and the Cirripedia, la the former,

the production of the spermatozoa in each individual precedes

that of the ova, and the absorption of surplus spermatozoa

by phagocytes may preclude the possibility of self-fertilisation

(e.g. Danalia-). In the cirripedes adjacent individuals

normally cross-fertilise; a single case of self-fertilisation was

recorded in Pollicipes (Gruvel). In the curious parasitic

group, the Khizocephala, both Saccnlina and Peltogaster,

invariably practise self-fertilisation.''

Great interest attaches to the restriction of sperm-produc-

tion accompanying the condition in this group. A small part

and the Rliizocepliala. the self-fertilisation which they practise is

evidently a secondary and adaptive phenomenon. In the first two cases

it has been developed as a means hj wliich the actual existence of the

race may l^e safeguarded, for Ijoth classes of creatures are liable to

sudden extinction by the desiccation of the pool or moist soil, where

they respectively live, and it is a manifest necessity that an isolated

survivor should be callable of independent reproduction when conditions

again become favoural 'le.

1 -Fauna ii. Flora Golfes von Keapel.' t. 31. " Protodrilus." 1908,

pp. 117-119.

= G. W. Smith. ' Faiina u. Flora Golfes Xeapel" Mon. 29, • Rhizo-

cephala,' 1906, p. 101.

=> G. W. Smith, loc. cit.. pp. 21-2^.
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of the testis only is used for the formation of spermatozoa,

and to prevent squandering- of the slender stock the matura-

tion of the speruiatozoM, is completed punctually just after

a brood of eo-o-s enters the mantle-cavity.

Both the Ehizocephala and the Neinatoda, tlie two best cases

of self-fertilisation, show one advantage obtained by the

animal wliich adopts this method of reproduction, and that is

the need for a reduced number of spei-matozoa. In Saccu-
lina the economy has been effected by a special change, to be

looked upon in the light of an adaptation, but in Rhabditis

and Diplogaster, as we have seen, the small and markedly

insufficient quantity of spermatozoa shows a recent entrance

into the hermaphrodite condition, and only because every

spermatozoon fertilises an egg do these forms succeed in

maintaining themselves.

In the Tunicata, a group in which hermaphroditism has

established itself completely, the ova ripen before the sperma-

tozoa, and cross-fertilisation appears to be general. In

Ciona ripe ova and spei-matozoa are found in the ducts at

the same time, and Castle^ found that if the products from

the same individual are mixed, as a rule fertilisation did not

occur. This result is so significant that it is not surprising

that the experiment slioidd have been repeated. Morgan^

found some variation in the degree of self-sterility, but

generally endorsed Castle's results. In experiments which I

cari'ied out at Naples on the same tunicate in the early part

of 1906 (and in which every care was taken to avoid contami-

nation with foreign sperm), the eggs of an individual were

found to be as fertile with their own spermatozoa as with

those of other individuals, yielding in both cases nearly 100

per cent, of embryos. The pathological development which

Castle found characteristic of self-fertilised embryos did not

occur in my experiments. In conclusion, it seems possible

' Castle, W. E., " The Early Embryology of Ciona intestiiuilis,
''

' Bull. Mus. Conip. Zool.,' xxvii, 1896.

- Morgan, T. H., ' Jom-n. Exp. Zool.,' i, 1904, p. 137, • Biol. Bull.," viii,

1905.
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that the American form of Cioiia intestinal is differs

markedly, at least in its physiology, from the Mediterranean

type species, and that, as is illustrated in plants, species which

differ but little from each other in external appearance may be

respectively easily capable of self-fertilisation and entirely

restricted to cross-fertilisation.

The free-living nematodes easily lend themselves to an

investigation of the effects of continued self- fertilisation.

Maupas organised cultures for this purpose, taking great care

that the eight hermaphrodites chosen in each generation as

the parents of the next should in no case have come into

contact with mature males. AVith Khabditis elegans, the

period of experiment lasted from the beginning of December

to the end of June, and in these seven months fifty-two con-

secutive generations were reared. During the whole of this

time no decline in vigour or productivity could be ascribed to

the continuance of self-fertilisation. It is true that imme-

diately afterwards the race became extinct owing to the

onset of sterility, but the cause of this may well be traced to

a sudden rise of temperature in the month of June (Maupas,

p. 493). That this is the true explanation is indicated by

the fact that Ehabditis duthiersi, another hermaphrodite

species, which had only been isolated from the possibility of

cross-fertilisation for a few weeks, became sterile at exactly

the same time Avhen its cultures were subjected to the same

conditions.

In my own researches Diplogaster maupasi has existed

in cultures with no possibility of a cross through twenty-five

generations, and that with not the slightest deterioration of

the strain. It is hoped that under temperature conditions

more equable than those of Maupas' laboratory at Algiers it

will be possible to prove that self-fertilisation may continue

through a longer period and larger number of generations

than was the ease in R. elegans.^

^ The cultures have now (June 21st, 1910) been carried over £oi-tj-

six generations without cross-fertilisation with no obsei'vable diminution

in fertility.
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Summary of Eesults.

In the preliminary summary on page 43G, a short statement

is given of Manpas' results alone. In the present paper these

are completely confirmed where the material allowed, and in

some of tlie following details the study of hermaphroditism in

Rhabditis and Diplogaster lias been pursued further.

(1) In one hermaphrodite species, Diplogaste r maupasi,
the residual males ai-e much more numerous than in any other

yet studied, and in small cultures may reach 30 per cent, of

tlie whole number of individuals.

(2) The Jtiale secondarN' sexual chararacters, i.e. bursal

papillre and accessory copulatory spicule, show great varia-

bility.

(3) The production of males is cyclical, periods (eaoli lasting

a few generations) when males are frequent altern;iting with

others in which only hermaphrodites are produced.

(4) Attempts to affect the sex-ratio artificially proved un-

successful. It was also found impossible to increase the pro-

portion of males by selection from favourable cultures. No
rule could be discovered governing the constant fluctuations

of production.

(5) Even when males were most common there was do

tendency to find female or partially hermaphrodite individuals,

and the males were sexually inactive. This contrasts with

the conclusions reached by Maupas on Rhabditis.

(6) The number of fertile eggs laid by D. maupasi is

subject to wide variation.

(7) In Rhabditis gurneyi a far greater number of fertile

eggs may be produced by single individuals than in any other

hermaphrodite species. The fertility is probably as great as

the average bisexual species.

(8) Tlie formation of spermatozoa is not coufiued to tlie

anterior end of the gonad as in other species, but may occur

in any part and at any time throughout maturity. Frequently

a number of sterile eggs were laid at the onset of maturity

owing to the retarded production of the spermatozoa.
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(9) No iniiles luive been observed in this species, so that

they are either excessively rare or extinct. R. g-urneyi,

then, represents a much more complete and sufficient type

of hermaphroditism tliaii lias hitherto been recorded in the

free-living nematodes.

(10) Self-fertili.sMtion has formed the exclusive means of

propagation thi'oughout twenty-five' generations of Diplo-

gaster mauj)asi without any deterioration in the character

of the stock.

' Now forty-six. (See note on preceding page.)
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General Introduction.

In the ' Zoologischer Auzeig-er,' Bd. xxxv, Nos. 14 aud

15, Ml-. Elinhirst and I publislied a short note on a ti-ypano-

plasraa parasitic in the stomach ot" the conger eel (Conger

niger). Up to the present, as far as I am aware, no

satisfactory account has been given of the division of any

trypanoplasma, and the only point in connection with this

process, on wliich previous workers have been unanimous,

seems to be the extreme rarity of dividing forms. By what

I must now legard as rather a fortunate accident, the second

conger which I chanced to examine was so lieavily infected

VOL. 55, PART 3. NEW SERIES. 32
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that frequently two dividing forms have been found in the

same field. As such infections, liowever, seem extremely

rare, 1 have decided to publish my observations on the

division of the active form of Try panoplasm a congeri

at once, reserving the notes we liave at present made on the

changes into the resting form for a later paper, in the later

paper we ho]ie also to deal more fully with the genei-al litera-

ture of the group. I shall only mention in this ))aper the

provions iiccounts of iiit('stin;d trypanoplasmn, and, in :i later

section of the ]i;i])er, I shall ix-fer to the descriptions of

division given U>\- this genus by Keysselirz and Friedrich.

Tho liist desci-i})t ion of an intestinal trypanoplasnia was

given by Leger in 1005 for a form, Trypanoplasnia
intestinalis, which he found in the stomach of Box boops.

The second intestimil trypanoplasma, hitherto described

Trypanoplasnia ventricnli, was found by Keysselitz

in the stomach of Cyclop terns lumpus, and is figured

on }i. 37 of his paper on Generations- und Wirtswechsel von

Trypanoplasma borrel i

.

I do not ])ropose to enter into any details as to the con-

ditions under which Ti-y pan op la sm a congeri occuis in

this pajier, as these notes will be reserved for our later

paper. The active form of the parasite is, however, always

found in sections of tiie conger's stomach in the mucus

lining the surface of the wall, and it never seems to spread

into the deep glandular pits. LTp to the present no sign of

the active try pano})lasma has been found in any part of tlie

intestine or rectum, and, in fact, if active trypanoplasma are

mounted in the intestinal juice they almost immediately

become a^ulomerated bv their posterior extremities, and

have disa])peared entirely at the end of a couple of hours.

Up to the pi-esent forty-seven congers have been examined,

and of these only ten have been found to be infected. The

pai-asite has been found in small numbers in some cong-ers

in Avhich the stomach and intestine were full of food, but the

only leally heavy infections have been obtained from fasting

congers.



OBSERVATIONS ON TRYPANOPLASMA CONGERI. 487

I should like to take this opportunity of tliauking- Mr.
Ehnhirst, the director of the Marine Station at Millport, for

his assistance in getting material, and Miss Robertson for

help in the drawing of the figures.

Methods.

The stages figured in this paper were all obtained on wet

smears from the stomach wall, fixed either in Flemming or cor-

rosive acetic. Both of these methods gave excellent results.

The films were stained in Giemsa, Tworfc, iron-ha3matoxylin

and eosin, and Mayer's acid heemalum and eosin. All these

stains gave satisfactory results, but the figui'es were all drawn
from preparations made either with hasmalum and eosin, or

irou-hiematoxylin and eosin.

Morphology of the Active Form.

As there seems to be a certain amount of discrepancy

amongst different authors in regard to the nomenclature of

the various structures in trypanosomes and trypanoplasmas,

I have indicated in the following diagram the nomenclature

I have decided to adopt. It is pi-actically that used by

Minchin in his paper on the structure of Trypanosoma
lewisi in relation to microscopical technique (^ Quart. Journ.

Micros. Sci.,' vol. 53, 1909, p. 799).

The normal active Trypanoplasma congeri has rather

an elongate body, measuring roughly IS jn by 2*7 ju. The two

flagella arise apparently from a single basal granule near the

anterior end of the kinetonucleus ; the anterior flagellum

passes np the mobile beak to end freely, while the posterior

flagellum passes transversely across the body of the animal,

a,nd running down in connection with the narrow undulating

membrane, projects freely for a distance of about 10 ^tt beyond

the animal's posterior end. As regards the basal granule,

most previous observers seem to have been of the opinion

that each flagellum in Trypanoplasma arises from a
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separate basal granule, although it is evident that they do not

regard the matter as absolutely certain, e.g. Minchiu, in his

Text-fig. 1.—Active form of Trypanoplasma congeri.

BG.

Ki

A. f. Anterior flagelhiiu. Be. Beak. B. g. Basal irranule.

j». chr. lutra-nuc-lear elironiatin. Ka. Karyosome. Ki.

Kiuetonucleus. P.f. Posterior tlagellum. Tr. Troplio-

niicleus.

paper ou the blood-parasites of fisli, remarks as regards

Trypanoplasma keyssulitzi, p. 28, "In front ol: the
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kinetonucleus are situated the two minute blepharoplasts,

from Avliich the tlagella arise. I believe tliem to be always

two in number, but in iron-hgematoxylin preparations they

are so minute and often so close together that it is impossible

to resolve tliem as two granules, and they may appear as a

single dot."

In the active Trypanoplasma congeri the two flagella

always appear to me to arise from a single basal granule, and

from what I have seen of the dividing and resting forms I am
certain that if the flagella do not arise from a single basal

granule, the connection between the two granules must be so

intimate that the flagella always behave as though they arose

from a single point. Passing down the side of the animal

under the membrane a row of very faintly staining rounded

granules are frequently seen; these may correspond to the

structures described in Trypanophis, or possibly to the far

more strongly staining granules seen in some forms of

Trichomonas, l^he trophonucleus in the elongate form of

Trypanoplasma congeri lies about one third of the

animal's length from the anterior end, and usually consists

of a conspicuous membrane containing a darkly staining

elliptical karyosome, which is usually surmounted at its

anterior end by a cap of chromatin granules. In some cases,

however, the karyosome is central and the granules are

arranged round it. These appearances recall Schaudinn's

figure of the chromosomes in the resting nucleus of Try pan o-

morpha and Leger's description of the chromosomes of

Trypanoplasma in testinali s. It will, however, I think,

become abundantly clear from the behaviour of the dividing

trophonucleus described below that it is impossible to regard

the chromatin gianules of Trypanoplasma congeri as

chromosomes.

The kinetonucleus is usually a very darkly staining carrot-

shaped structure lying laterally near the animal's anterior

end, the narrow posterior end of the kinetonucleus passing

down the animal's body to end in the region of the tropho-

nucleus. In some cases the kinetonucleus presents an almost
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segmented appearance, and apparently this appearance has

in many cases been taken as an early indication of division,

though T believe this interpretation to be erroneous.

Division.

All of the preparations here figured are taken from films of

the stomach of a fasting conger which had been kept in the

tanks at Millport for four months, and was killed at 5.30 p.m.,

November 27th. In the early stage of division (PI. 21, fig. 2)

the body of the animal becomes slightly shorter and thicker.

The basal granule of the flagella divides, and this is followed

by a splitting, first of the anterior Hagellutn along its whole

length, and then of the posterior flagellum with its membrane.

The trophonucleus and its contained karyosome become

larger, and I believe that the intra-nuclear chromatin granules

(? the " chromosomes" of Schaudinn) at this stage become

condensed on to the karyosome. The kinetonucleus at this

stage becomes slightly thicker, but sliows no distinct indica-

tion of division. In the next stage (PI. 21, fig. o) the flagella

have split along their whole length, and it is important to note

that, in marked distinction to the state of affairs found by

Friedrich in Trypanoplasma helicis, I have never been

able to find the slightest evidence of the growth of new

flagella in any stage of division. The trophonucleus now

assumes a spindle shape, and tlio karyosome divides; the two

halves, however, remaining connected l)y a rod, which persists

until a very late stage of division. It might have been

expected that some sign of the so-called chromosomes would

be found at this stage lying around the dumb-bell-shaped

karyosome in the spindle-shaped nucleus, but no trace of them

has been detected. It is, of course, possible that this may be

due to faulty technique, but so many of these dividing stages

have been found lying near resting forms with nuclei clearly

showino- these o-ranules that I believe this hypothesis is

untenable. The relation of the axis of the trophonucleus
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spindle to the longitudinal axis of the animal's body seems in

these early stages to be rather variable, but in the later

stages the long axis of the spindle seems always to be
arranged in direction transverse to the animal's orio-inal

longitudinal axis. The kinetonucleus now becomes very much
enlarged, and gradually (PI. 21, figs. 4-7) pushes out aposterior

limb, which comes to lie at right angles across the dumb-bell-

shaped trophouucleus. This relation seems very characteristic

of this stage of division, which is a very common one on these

films. It is ratlier interesting to note that the stages of

division up to this poiut in the films from this particular

conger are very common, the latter stages being comparatively

rare. As these films were taken from various points all over

the surface of the stomach, this would seem to point either to

a cyclical epidemic of division in this parasite or (a view

which seems to me rather more improbable) to an extremely

short duration for the later as compared with the earlier

stages of division. Tlie basal granules have now moved some
distance apart, and as the animal shortens aiid thickens the

membranes and flagella become shifted round till in the later

stages they pass down the opposite sides of the body. The
trophouucleus now is completely dumb-bell shaped, the

handle of the dumb-bell being formed by the strand connect-

ing the two karyosomes. In its early stages the dividing

trophonucleus has presented a very superficial resemblance, in

outline, at any rate, to the mitotic spindles found in the

metazoan cell, but in the succeeding stages, in which the new
ti'oplionuclei have become definitely rounded, and their con-

nection is limited to the bar joining the two karyosomes, tin's

resemblance is completely lost. In PI. 21, fig. 8, a late stage of

division is figured in which the two products of division are

still connected with each other by a narrowing band of proto-

plasm, through which, even at this stage, the kinetonucleiand

trophonuclei are still connected. In PI. 21, fig. 9, a form is

shown which has evidently just divided. It is characterised

firstly by its small size and rounded shape, secondly by the

length of the kinetonucleus, and thirdly by the remains of
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the straud of tlie karyosorae which liad connected the two

troplionuclei, and whicli has not yet been withdi-awn.

Finally, the kinetonucleus becomes shortened and denser,

the last i^emains of the karyosome strand ai-e absorbed, and

the animal elongates and regains its normal aspect.

Conclusions.

I liavo tlionght that it might be of some interest to com]);ire

shortly the above account of division of Try panoplasma
congeri with that given ])y previous workers for other

species of Try panoplasma. As far as I am aware, tlie

only accounts of division in a trypanoplasma liitherto pub-

lished are those by Keysselitz, in his paper, " Generations- und

Wirtswechsel im Try panoplasm a borreli" (1906), and by

Friedrich, in his paper, "Uber Bau und Naturgeschichte der

Trypanoplasma helicis" (1909). Keysselitz gives on page

28 of his ]):iper five figures of dividing active forms from the

blood of thetish, i.e. figs. 12, 14,22,23,24. From these

figures it would appear that the process of division in

T ry pano})lasin a congeri shows some diffei'ence frum

that of Trypanoplasma borreli, though, as his series of

division seems far from complete, it is quite possible that

these differences may be more apparent than real.

(1) As regards the behaviour of the Hagella, Keysselitz

seems inclined to believe that one of the products of the

division keeps the old flagelhi, and that the other at a com-

pai'atively Inte stage grows out new Hagella.

(2) In T. borreli, according to Keysselitz, the tropho-

nucleus divides, showing an internal division centre derived

from the karyosome and eight chromosomes, at a stage at

whicli there is no sign of division in the Hagella, blepharo-

plast, or cell body.

(3) The kinetonucleus is said to divide transversely.

The difficult feature in this account of division seems to

me the extraordinary amount of variability in the time factor

for all these processes ; in fact, Keysselitz himself states on

page 31 : "Den Verlauf der Teilung habe ich bisher in alien
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seineu einzelneu Phasen im Leben niclit verfolgeu konueu.

Wie icli sclion oben angegeben habe^ trifffc mnn relativ selten

sicb verinebrende Individueu an. Vorzugsweise siud es

Tierc, bei deiien die Teilung des clironiatisclien Apparates

und des Plasmas^ sowie die Bilduiig der lokoixiotoi-isclien

Organellen bereits beendet siud und die uiir iiocli uiit ihrer

liintei"eu Eudeii zusauimenhangeu, eiue Pliase^ die zeitlich

Ijingste im Laufe der Teilung- zu seiu sclieint.'' It is parti-

cularly over this last point, liowever, that a. great de:il of

caution should be exercised. In well-infected smears it is

an exceedingly common occurrence to find two trypanoplasma

lying iu a position which suggests division, but unless there

is some absolutely distinctive feature, e.g. as regards the

structure of the nuclei, which can be definitely connected

with a corresponding structure in an undoubted dividing

form, I feel that it is always most hazardous to interpret

these appearances as division st.iges. On the other hand,

the differences between the division of T ry pan oplasma
helicis, as described by Friedrich, and that of Trypano-
plasma congeri, seem to be of an absolutely fundamental

charactei-. In the first place the karyosome, which is so

characteristic a feature of the trophonucleus of most trypano-

plasmas, is entirely absent iu Ti-y panoplasma helicis, and

in correlation with this fact the division of the trophonucleus

appears to consist in a simple constriction of the large

vacuolar trophonucleus with its scattered chromatin granules

(p. 387), The division of the kinetonuclens is said to be

longitudinal (p. 385), but the figures of this process seem

hardly convincing. The behaviour of the flagella, again,

seems to be very complicated, since it is said on p. 390:

" Nachem die fiir die neue Zelle notwendigen Teile entvvickelt

sind oder der Anlage nach vorhanden siud, riicken die Kerne

und Blepharoplasteu auseinander." " Dasselbe geschicht

mit den Geisselursprungsstellen, die alsdann im die Niihe

des Blepharoplasteu verlagert werden. Dabei bildet sich die

der alten undulierenden Membran zunachst gelegene Geissel-

anlage sur vordereu Geissel eines neues Tieres aus, wahrend
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(lie der urspruug-liclieu vordereii Geissel l)eiiaclibiirte zur

uiidiiliereude Membrau des neueu Tieres wird.'^

It would be seen from the above tbat there is hardly a

siij^'le point of agreement between the division of Trypano-
plasma cougori and 'J'ry pauopl asma helicis, and it

would seem ahnost doubtful whetlier the two forms can be

profitably united in the single genus. It would, I feel^ be

])reni;i-ture to enter here into a discussion ou the comparative

uior])hology ol Tr^-panoplasni a congeri and the trypano-

somes jDroper until the rather complicated changes leading

up to the resting-stage in the former have been more fully

worked out. This I hope to do in a succeeding paper.

Results.

In the division of the active elongate Try panoplasma
congeri the following features are to be noted :

(1) The basal granule divides. This is followed imme-

diately b}' a splitting of the anterior Hngelluni, and. later, by

the splitting of the posterior Hagellum and membrane.

(2) The trophonucleus in the first stage enlarges, the

intra-nuclear chromatin condensing on the karyosome. The

tro|)li()nncleus assumes first a spindle and later a dumb-bell

shape, which persists to quite a late stage in division. The

karyosome appears to act as an internal division centre, and

no trace of individual chromosomes can be seen at any

st.ige of division.

(3) The kinetonuclens increases in size and divides by a

simple transverse constriction. From its behaviour during

division it is, I think, abundantly clear that, at any rate as

far as Trypanoplasma. congeri is concerned, the kineto-

nuclens cannut be reuarded as a centrosome.
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EXPLANATION OF PLATE 21,

]liu>tratiiig" Mr. C. H. Martin's paper on "Observations on

Trypanoplasma congeri/' Part I.

[All the fignres were drawn with the camera Incida at table level under
a Zeiss 1'5 mm. apochromat. and 18 compensating ocular. For the

nomenclature of the structures compare text-figure.]

Fig. 1.—Normal active Trypanoplasma congeri showing flagella,

single basal granule, kinetonncleus and trophonucleus wdth its karyo-

some and intra-nuclear chromatin granules. A row of faintly marked
cytoplasmic granules may be seen passing under the membrane.
Flemming, iron-haamatoxylin, and eosin.

Fig. 2.—Early stage of division. The whole body of the animal is

shorter and stouter. The basal granule has divided, the anterior

flagellnni is split along about a quarter of its length, and the beginning
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of the splittini4' of the po.sterior fla;_;elluiii is sliowii. The kinetonucleiis

is slightly thicker and the trophonncleus is distinctly enlarged. The

intra-nuclear chromatin granules have probably condensed ixpon the

karyosome, which no longei' presents the hard outline characteristic of

the resting nucleus.

Fig. 3.—The flagella have now split along their whole length. The

karyosome has l.ieconie drawn out into the characteristic dumlj-bell-

shape within the nuclear membrane. Corrosive acetic, iron-hajma-

toxylin. and eosin.

Fig. 4.—Tlie l)ody of the animal has become still slioi-ter. Thekineto-

nucleus is becoming enlarged and losing its intense capat-ity for

nuclear stain. The dividing trophonucleus is almost parallel to the

longitudinal axis of the animal's body. Corrosive acetic, iron-hajma-

toxylin, and eosin.

Fig. 5.—The body of the animal has become still more deformed. The

basal granules with their Hagella have shifted apart. The kinetonudeus

has become tirudcened anil has now lost its intense capacity for nuclear

stains, its lowci' Imrder is crossed 1>3' the trophonuclear dumb-bell.

Flemming. ha'Uialuni, and eosin.

Fig. 6.—The basal granules with their flagella now lie at opposite sides

of the dividing animal. The lower liml) of the enlarged kinetonudeus

has adopted its characteristic position at right angles to the tropho-

nuclear dumb-bell. Flemming. ha?mahun. and eosin.

Fig. 7.—A slightly later stage than the previous figure, showing the

characteristic relations of the enlarged kiuetonncleus and the tropho-

nuclear duml)-bell. Flemming. hsmalum. and eosin.

Fig. 8.—A late stage of division. The two products of division are

still united liy a l>road band of cytoplasm, through which the kineto-

nudeus and trophonuclei still retain their connection. Flemming,

hajmalum, and eosin.

Fig. 9.—A recently divided form showing the characteristic rounded

shape, the elongate kinetonudeus. and the unabsorlied strand which had

connected the trophonuclei. The full length of the flagella are not

shown. Corrosive acetic, luemalum, and eosin.
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The Development of Aplysia punctata.

By

A. j^I. Carr Saiiiiders and Margaret Poole.

With Plate 22 and 20 Text-figures.

This work was begun by one of us in the spring of 1909,

at the Zoological Station at Naples^ when holding the Oxford

biological scholarship.^ Owing to various reasons, the chief

of whicli was ill-health, little more was done there than to

collect material. It has been completed with assistance iu

reconstruction of sections and illnstrations at Oxford in the

department of Comparative Anatomy during the winter 1909—

10. We must here express our gratitude to Prof. Bourne

for the opportunity he has afforded us, and the encourage-

ment he has given us to complete the work.

The bionomics of Aplysia have been described with great

care by Carazzi and Mazzarelli. The former deals at length

with the deposition of the eggs and their early development,

while the latter, in his monograph on Aplysia (14), describes

the general bionomics of the genus. The three common species

found at Naples are punctata, limacina, and depilans.

Carazzi (5), in his Avork on the cell-lineage of Aplysia, made
observations on all three, and found little difference between

them. Our results refer entirely to Aplysia punctata.

' I wish to take this opportunity of expressing my thanks to the staff

at Naples for their continual kindness during the time I was there, and
especially to Professor Meyer and Professor Eisig for their valuable

advice with regard to methods.—A.M.C.S.
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A numbei' of stages of A. limacina Avere also examined,

but the difference is insignificant.

Carazzi states that Aplysia punctata disajjpears in May
to reappear again in the winter. We were able, liowever, to

obtain this species in large numbers until the middle of June.

No difficulty was experienced in keeping Aplysia in the

aquarium, and they laid eggs in great quantities. The eggs

develop normally, and equally well if kept in jars or in the

tanks with circulation, provided onl}^ that the water ])e

changed every two days or so. Early in the summer the eggs

were at times attacked by bacteria, Init if enough spawn was

kept it was alwa3's possible to have some at the stage required

in a healthy condition. Later in the year the eggs were

attacked by alg{e, and the embryos destroyed long before the

free-swimming stage was reached. This was a more serious

trouble than the bacteria, but the difficulty can be avoided by

keeping the spawn in filtered water in the dark, where the

algfe do not develop. The rate of development varies with the

temperature of the water. This is described by Carazzi for the

different species. In April some fiifteen days elapsed between

the deposition of the eggs of A. punctata and the emergence

of the free-swimming larvte from the capsules. It is possible

to keep the larv;e in jars for some time, but even though they

be kept in circulating water, they always die within a short

time without exhibitino- anv chano-e of structure. Mazzarelli

states that he kept some larvie of Bulla striata alive for

twentv davs, which is far longer than we ever succeeded in

keepingAplysialarva3, but even these showed no change during

that period. No one has yet raised any Opisthobranch larva?

through the metamorphosis, and there is therefore a large gap

in our knoAvledge of the embryology of the group, for not only

in the fiee-swimminy larva are certain adult oroans, such as

the heart and pericardium and the yonads and o-enital ducts,

entirely undeveloped, but the interpretation of some organs

in the larva, also must remnin doubtful until the further

development is known. Our failure to rear the larvae of

7\plysia beyond the free-swimming stage renders the present
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work very incomplete^ nnd it is therefore the inteutiuii of one

of us to attempt to continne it and follow the metamorphosis.

There would seem to be some liope of success if the metliods

of prepared sea-water and special feeding Avere nsed, such as

have beeu employed so satisfactorily at Plymouth in rearing

Echinoderms.

The living embryos are very opaquCj and little can be seen

of their organisation. As was the case with the work done

previously on the cell-lineage, our observations were all made
from preserved material. The eggs are enclosed in gel.'itinoas

capsules^ and these are suspended in a long thread of jelly.

Carazzi made tlie following calculations :—there are on an

average seven eggs in each capsule in A. punctata and

fifty in A. limacina; the whole thi-ead, or '•'nest," as he

calls it, will therefore contain on an averao-e 80,000 esfirs in

the former species and 2,000,000 in the latter; this last

immber may at times be as high as 3,000,000. All the eggs

develop Avitli the exception of a few, which are not fei-tilised

or are abnormal from some other cause. In the later stao-es,

when movement is active and the muscles fully developed, the

embryos will contract very considerably on tlie addition of the

fixing agent, and this renders them difiicult to interpret. To

avoid this a 2 per cent, solution of cocaine in sea-water was

used, which narcotises them in a few minutes and makes it

easy to obtain preparations of fulK'-extended embryos. It is

troublesome, and takes much time to extract the embi-yos alive

fi'om their capsules, and the great majority get injured in the

pi-ocess. Most fixing agents do not harden the jelly, and it

is therefore equalh^ difficult to extract the embryos when
fixed by most of the common means. Formol, however, lias

the effect of hardening the j'r'Hy, and it is on this account

extremely useful. Alone it makes a good fixing agent, but

subsequent staining is rendered easier if it is used in combina-

tion with some other fixative. At the suggestion of Prof. Mever
a solution of formol and picric was used, made up in the

following Avay :—ten parts 40 per cent, formol, ten parts 1 per

cent, picric, eighty parts sea-water. This proved to be by
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far the best of all tlie fixing- agents which were tried, though

for special purposes others were iised, as, for example,

Hermann's fluid to show up the liver.

AV^hen a thread of spawn was laid it was taken and sus-

pended in the tank or jar by means of a string. When the

embryos had reached a stage which it was desirable to

preserve, a piece an inch or so in length was cut off the end

of the thread, divided into a number of fragments a few

millimetres long, and put in the picric and forinol solution for

about half an hour. At the end of that time it was easv to

break the capsules with a needle ami extract the embryos,

the greater number of them entirely uninjured. Various

stains were used, but paracarmine gave the best results for

whole preparations ; sections were stained on the slide witli

borax-carmine, followed by picro-indigo-carmine.

The eggs of Aplysia are small, being less than 100 /a in

diameter, and this makes orientation before section-cuttiny:

pi-actically impossible. In the end, therefore, it was found

more convenient to embed large numbers close together which

could all be cut at the same time, for in this way one could

be certain of getting a few embryos cut in the plane that was

desired. In order to embed a laro-e number of eq-gs in a

small area of paraffin the following method was employed—

a

watchglass was filled Avith paraffin and allowed to cool ; a

small round hole, reaching at least half way through the

]iaraffin, was then made ; the embryos were transferred into

this by means of a fine pipette, and as much xylol as possible

drawn off. The watch glass was then placed for half an hour

on a stand on the warm bath, for half an hour on the bath

itself, and finally inside the bath until the paraffin melted

completely, when it was cooled.

More points remain undecided in the ontogeny of Molluscs

than perhaps m any other group in the Animal Kingdom.

The cell lineao-e has been worked out in numerous casesO
among the various groups, but our knowledge of those stages

which follow upon the end of segmentation is very incomplete.
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This work was undevtaken to throw light, if possible, on the

origin of kidney, heart and pericardium, about which the

most diverse statements have been made. It will suffice here

to point out that at least six diiferent types of excretory

organs have been described in Molluscs, and that the origin

and homology of all of them is disputed; while as regards

the coelora, opinions differ equally widely. The bearing of

our results on these questions will be discussed at the end of

this paper. Owing, however, to the fact already mentioned,

namely, that it has not yet been found possible to rear the

larvae through the metamorphosis, they remain for the present

inconclusive.

For the purpose in view, Aplysia was chosen for two

reasons, firstly because it is easy to obtain material at any

period of the year, and secondly, because a very careful and

complete account of the cell lineage has been given by
Carazzi. It was hoped that by beginning at the point where

Carazzi left off, it would be possible to follow the develop-

ment of the oi'gans, and definitely to ascertain from which

cells they arose. To the excellent account of the cell lineage

referred to Ave have nothing to add; every cell has been

followed up in it to a time when there are more than one

hundred, and the history of the endoderm and mesoderm has

been traced further. His last description is of an embryo
consisting of two hundred and fifty cells, with the velum

already developed.

The development as described by Carazzi may be sum-

marised as follows : Segmentation is spii'al, dexiotropic and
unequal, the endomeres A and B being far larger than C and
D. The great size of these cells makes the cleavage look at

first very irregular, but as a matter of fact their destinies

show no exceptions to the scheme which Jias come to be

recognised as normal in eggs the segmentation of which is of

the spiral type. The first three quartettes give rise to all the

ectoderm, 4 d entirely to mesoderm. There is no larval meso-

derm arising from the ectoderm as has been described in

some forms. The endoderm is derived from 3.4, SB, 36' and
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Text-TIG. 1.

Surface view from the animal pole of an eg<^ in the 12-cell stage.

Text-fig. 2.

Surface view from the animal pole of an egg in the 24-cell stage.



Text-fig. 3.

Surface view froui the animal pole of a later stage ; the apical

ectoderm is now formed from 8 cells of the first quartette
of micromeres, 16 of the second, and 6 of the third ; 2a^\
2b'\ 2c'-\ and 2c^'-' are the tip cells of the apical cross.

Text-fig. 4.

Egg seen from the vegetative pole at a stage corresponding to
Text-fig. 2. The mesoteloblast M is already formed by the
division of D.



Text-fig. 5.

Egs seen from the vegetative pole at a later stage. M has

divided to give rise to the paired mesoteloblasts M and 3/'.

Text-fig. 6.

Optical section of an egg at a somewhat later stage at the level

of the mesoblasts, seen from the vegetative pole. The two
cells, M and M^, have each given rise to a small anterior

mesoderm cell, m and mK
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Text-fig. 7.'

505

Diat^rammatic oi^tical sagittal section, seen from the vegetative

pole of an egg in the 17U-cell stage. The derivatives m, m', 2m,

•2m\ of the mesoteloblasts 31. 3P, are seen spreading in an

anterior direction from the region of the anal cells Ac. The
macromeres A and B have diverged from one another to form

a segmentation cavity.

' Tliis and the preceding six text-fignres have been modified from

Carazzi's drawings. The notation of the various blastomeres throughout

the segmentation follows the system, now almost universally adopted

for the description of cell-lineages, of Wilson (" The Cell-lineage of

Nereis."" • Journ. Morph.," vi). slightly modified by Conklin (-'The

Embryology of Crepidula," ' Journ. Morph.,' xiii). A, B, C, D are the

macromeres from which the successive quartettes of micromeres are

divided off ; the quartettes being distinguished by the co-eflficients 1, 2. 3.

Thus the first quartette will consist of la-\d, and its derivatives

will be la\ Id', ld\ Id- ; while the descendants of the latter generation

will be la'-», la'--, la-', l«-'-ld'-', ld'-\ Id^', \d--\ By the division of

D M is formed, which, since it contains the material for the production

of the mesoderm, is designated by the letter M. This later divides to

form the mesoteloblast Mand M\ and from these, after the separation of

a mesentoblast from each, small cells m and m\ etc., are budded off
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41); gastrulation is of the epibolic type, and the blastopore

is formed at the vegetative pole. It narrows to a slit-like

opening, diminishing in si/e by the continual growth of the

anterior and lateral parts of the ectodermal sheath, but does

not close completely, but persists as the mouth. At the end

of segmentation, owiug to the large size of the endomeres

A and B the embryo becomes somewhat heart-shaped. Between

the large endomeres a small space appears, the segmentation

cavity, which is more or less triangular in shape in optical

section, the broadest end being towards the posterior end of

the embryo. Two ectoderm cells, 2d~'"~^ and 2d-~~~'~, increase

greatly in size and come to project from the surface. These

are known as the anal cells. Uurinof sesrmentation there

is a shifting of the embryonic axis, and these cells come,

in consequence, to mark the posterior end of the larvae.

At the opposite end the velum is formed as a simple ring iq

the region of the B quartette. By the time the cilia are deve-

loped the embryos begin to rotate within their capsules. At
this stage there are about two hundred and fifty cells.

Text-fig. 7 represents an embryo with about one hundred
and seventy cells, seen in optical section, from the vegetative

pole. The blastopore is now reduced to a narrow slit, and
posteriorly the anal cells project from the surface. Anteriorly

the polar bodies were present still adhering to the embryo,

but are not represented. Internally the two large endomeres
divei-ge from one another to leave the segmentation cavity

between them, while the derivatives of the much smaller

endomei-es C and D are shown. The mesomeres, which are at

this stage eight in number, stretch across from the anal cells

towards the position occupied by the blastopore, which is not

represented.

anteriorly to give rise to the mesodermal bands. After the formation

of the three quartettes of micromeres a fourth generation is produced

hy A, B, C ; this consists of 4A, 45, 4C. which go towards the forma-

tion of the endoderm. The above lineage is given in tabular form by
Robert (26), to which the reader is referred for the detailed analysis of

the later segmentation stages.
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We propose first to describe in some detail the earliest

stage Avhich we have investigated, and then to follow the

development of the various organs separately up to the time

when the larva becomes free swimming.

Structuke op the Embryo at the End oe Segmentation.

PI. 22, fig. 1 is an external view of an embryo shortly before

rotation begins, and fig. 2 in the same plate shows the cells

which have sunk below the surface at the same stage. The

total number of cells is more than 300. The ectoderm forms

a tiiin and uniform layer covering the surface of the embryo.

Round the anterior end there is a ring of somewhat larger

cells derived from the B quartette, which bear long cilia and

form the velum. At the opposite pole are the two anal cells

2(^22221 j^jj(j 2(?22222^ whlcli are very prominent and project

markedly from the surface, thus forming a convenient means

of orientating the embryo with certainty. Near their bases,

are small nuclei which are sometimes difficult to see, and were

not noticed by Blochmann (2). Their cytoplasm is very much
vacuolated. They presumably function as temporary excre-

tory organs. They are characteristic of Opisthobrauch

larvee, though in some cases, as iu Fiona, described by Casteel

(6), they are small and but little differentiated from the

other ectoderm cells. It is well known that in certain other

Gastropod larvae ectoderm cells of considerable size are found

projecting from the surface ; Glaser (8) has described them

in Fasciolaria, where they occur singly or in groups of two

or three together. These would appear to be comparable

to the anal cells of Aplysia, but iu Fasciolaria their position

is variable, being almost anywhere on the surface. In the

region of the A quartette there is a slight projection, the

cells being somewhat enlarged. This is the rudiment of the

foot. Between the foot and velum is the blastopore on the

ventral surface, and round it the ectoderm cells are beginning

to sink in. Though the blastopore is at this time very

small, we have always found it perfectly distinct, and in

this we agree with Carazzi in contradiction to Mazzarelli and
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Blochmann, who assert that it closes and then reopens to

form the mouth. The stomodaeum does not at this stage

communicate Avith the space between the endomeres ; it is a

blind sac lined by ectodermal stomatoblasts and cesopiiago-

blasts. The former, according to Carazzi, are dei-ived from

Sa^ and 3/^', and the latter from 3a- and 'Sir ; togetlier they

number between twenty-five and thirty. On the dorsal

surface of tlie embryo and posterior is the shell-gland.

It consists of a deep and narrow invagination, formed by a

large number of cells, which are slightly differentiated from

the adjacent ectoderm by their more elongated shape and

rounder nuclei.

On each side of the embryo, just ventral to a line joining

the anus and the mouth, a small ectodermal invagination, ot., is

seen to be in process of formation. These are the pair of oto-

cysts. Fig. 3 shows the same structures at a slightly later

stage. A little anterior to the anal cells on the right side are

four large ectoderm cells identified by Carazzi as 3c'*", Sc^^^^,

Sc^~^^ and 3c*~*~. These cells are at this time clearly in the

ectodermal layer, but they soon sink below the surface and

give rise to the secondary kidney. Their nuclei are of great

size, and generally each contains one prominent darkly

staining plasmosome.

The greater part of the interior of the embryo is occupied

by the two large endomeres A and B (not lettered in the

plate). They diverge somewhat from one another, and thus

enclose between them an irregularly triangular segmentation-

cavity (marked .v/. in tigs. 2 and 3). The broad end abuts upon

the shell-gland posteriorly, while the narrow end reaches to the

bottom of the still blindly-ending stomodieum. The nuclei of

the endomeres are large and oval in shape, lying to the inner

side of the cells near the segmentation cavity. The cytoplasm

is heavily laden with large yolk-granules, and some of the

yolk is often found in the nuclei also, causing the latter to

stain very deeply with plasma stains. A large vacuole is

generally present in each of the endomeres, which is very con-

spicuous in the living embryo, and persists for a long time. .
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At this period there are about twelve other endoderm

cells, the deinvatives of 4a lying close against the stomo-

deeum in the anterior end of the segmentation cavity, those

of 4& at the opposite end rather dorsal to the shell-gland,

and G and D, with their descendants, also lying at the posterior

end against the wall of the shell-gland. The latter are

already beginning to form a faii-ly definite row, which will

become the posterior well of the stomach. At this stage the

greater part of the cavity, which will be the stoniacli, is

bounded only by the endomeres A and B, but this soon ceases

to be the case. A and B gradually take less and less part in

the formation of the wall and give rise to the left liver.

Thei"e ax-e between fifteen and twenty mesoderm cells in the

embryo at this stage. They form an irregular band, which

arises at the posterior end near the anal cells, and stretches

forwards to the blastopore. The band lies chiefly on the

I'ight side, but certain cells are already beginning to pass

dorsally and ventrally into the foot.

We here see that it is possible to speak of a mesoderm

band in Aplysia, though it is never clearly defined and soon

breaks up. The conditions are very much like those described

in Fiona and Umbrella, though the great size of the

endomeres in Aplysia has forced the mesoderm chiefly on to

the right side.

There is no secondary mesoderm either in this or later

stages. It is present, however, in Fiona. Unfortunately,

Heymons woi'ked on Umbrella at a time when the existence

of secondary, or ecto-mesoderm, was not recognised, so that

its presence or absence in that form is unknown.

Development of the Organs.

The embryo rapidly assumes the appearance of the free-

swimming larva, and fi-om the beginning of rotation onwards

there is but slight alteration in shape and very little increase

in size until just before the embryo emerges from the capsule.

The Yelum.—The velum is, as we have seen, originally a
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simple ring of cilia round the anterior end of the body (PI.

22, lig. 4). As the anterior end, however, grows out within

the velar area, and then becomes flattened and expanded late-

rally, the circular shape of the ciliated band is soon lost, and

the latter comes to surround the widely extended anterior pro-

longation of the body (PL 22, fig. ()). The velum then

becomes notched in the mid-dorsal line and bilobed, but the

latter characteristic is not so well marked as is generally the

case in Opisthobranch larva).

In the free-swimming veliger the full extension of the velum

is reached, but it can always be contracted completely within

the shell. The cilia are long and prominent. Inside the

circle of these cilia-bearing cells is a second row of cells of

rather larger size with three or four cilia each, and in the

middle, a cell with a single long and prominent ttagellum.

The Foot.—The rudiment of the foot is at first broad and

blunt, projecting from the ventral sui-face of the embryo

between the blastopore and the anal cells. There is no sign

of a division into two, as has been described in early stages

of Patella. Between the stages represented in PI. 22, figs. 4

and 5, the foot has undergone considerable change in shape,

becoming elongated in an antero-posterior direction and

flattened dorso-ventrally, and the operculum has been secreted

on the lower surface. In the free-swimming larva it is still

longer and covered with short cilia, and the operculum is

capable of closing the opeuing of the shell completely when

the animal is retracted.

The She 11 -gland.—In PI. 22, tigs. 2 and 8, the shell-

gland is invagiuated to form a narrow pit. It soon afterwards

becomes everted, and fig. 4 of the plate shows the posterior

end of the embryo covered with a thin shell. The cells that

were invaginated now form a cap, which secretes the shell,

the edge of the former becoming the edge of the mantle.

The mantle-cavity in the free-swimming lai'va is fairly deep,

and into it on the right side open both the anus and the

secondary kidney.

The Shell.—This is secreted directly the shell-gland is
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everted. It is at first very thin and transparent^ and even at

its fullest development in tlie free-swimming- larva never

becomes thick or resistant enough to interfere with section-

cutting. It grows at once into its ultimate exogastric form,

and is always perfectly symmetrical. In the free-swimming

larva it is marked by a number of fine lines, forming an

irregular network.

The Anal Cells.—These have been already described {Ac.

in PI. 22). As development proceeds they decrease in size,

this reduction being probably correlated with the growth of

the secondary kidney, Avhich takes on the function of excre-

tion. In the free-swimming larva they are still prominent

features, though they are neither figured nor described in this

stage by Mazzarelli. They presumably disappear towards the

end of the larval period.

The Otocysts.—These arise as ectodermal invaginations

of about six cells, one on eacb side of the rudiment of the foot

{ot. in PI. 22). Later some ten or twelve cells sink well below

the surface and form closed vesicles of some size, which are

very obvious in the living larva lying at the base of the foot,

below and to the sides of the oesophagus. At first these

vesicles seem to be empty, but towards the end of embryonic

life a large spherical otolith is very conspicuous inside each.

The Nervous System.—We have seen no trace of the

nervous system before a stage corresponding to PI. 22, fig. 8.

In such an embryo there are visible rudiments of both cerebral

and pedal ganglia (<•.(/. and jj.^.). Our preparations do not

make the mode of origin of the nervous system very clear. It

would appear to arise as a cell-proliferation from the ecto-

derm, as there is no evidence of an ectodermal invagination

to form the ganglia, as occurs in some forms, Dentalium for

example. When the ganglia first appeal', they take the form

of slight thickenings in close contact with the ectoderm.

The cerebral ganglia lie just above the mouth, the pedal

ganglia to the outer and ventral sides of the otocysts, and

slightly anterior to them. The ganglia become more definite

and larger, but in the free-swimming larva they -are still near
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the surface. The two cerebral ganglia are close together and
are united by a broad commissure. Mazzarelli states that

cerebro-pedal and pedal commissures are present. We have

been unable to discover these. The velum and foot are at

this stage full of connective tissue, and it would be difficult

to trace a fine commissure if it did exist. Visceral ganglia

are absent at this stage of development.

The Secondary Kidney.—In making use of the term

'' secondary kidney " we are following the nomenclature of

Mazzarelli. In his study of the free-swimming larvae of

Opisthobranchs he gives this name to the unpaired right

kidney, which he has shown to be characteristic of all these

larvfB. The term " primitive kidney " he reserves (and we
follow him in doing so) for the smaller paired kidneys, the

nephrocysts of Trinchese, which lie anteriorly to the '•'secon-

dary kidney " at the base of the velum. It is necessary to make
this clear, since owing to the nomenclature used in Carazzi's

recent work confusion may arise. In the earliest stage with

which we deal we have already described four lai-ge ectoderm

cells, and have said that they would give rise to the secondary

kidney. Now Cai-azzi mentions these cells and identififS

them as 3c"", 3c"'~, 3r'-", and Sc^-^\ We have no doubt that

these four cells are the same as those which we describe and

figure. But Carazzi in his table of the cell lineage marks

these cells as giving rise to the " reni primitivi." In the

text all he savs with reference to the fate of these cells is :

" Una parolo devo aggiungere sul desterio delle grandi

cellule or^^^^ 3c"^- ; esse constituiraniio uno dei primi organi

emissionali, cive il rene primitive." It is quite impossible

from this to understand whether, as one would incline to

think from the quotation cited, Carazzi calls primitive kidney

what we call secondary kidney, or whether, from the fact

that in the table of cell lineage he says these cells give rise

to " reni primitivi ''
(in the plural), he has not made the

mistake of thinking that the cells in question are the rudi-

ment of what we call primitive kidneys, and not of what we
call secondary kidneys.
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These four cells become differentiated while in the ecto-

dermal layer on the right side of the embryo and slightly in

front of the anal cells. Even in the earliest stages, which

we have examined, their nuclei are cleai-ly to be distinguished

from all the other nuclei in the embryo, not only by their

much larger size, but by the presence in almost every case,

of a conspicuous deeply-staining plasmosome. Text-tig, 15 is

a section of a stage where these cells have just begun to sink

below the surface. Of the two cells shown one is still in the

outer ectodermal layer, while the other has already sunk

below. This process has gone further in Text-fig. 16 and the

four cells are covered by a thin ectodermal layer. They con-

tinue to sink in further, and gradually give rise to a compact

pear-shaped organ, the apex of which is directed towards the

surface. Text-fig. 17 is a section taken at a stage when the

organ is first becoming definite. We have never seen any of

the four cells in the process of division ; but the kidney in the

free-swimming larva consists of eight cells, and therefore each

original cell must divide once. The cytoplasm is at first

finely vacuolated, but as development proceeds the small

vacuoles become confluent, and form in the external part

of the kidney several large cavities, the narrow ends.of which

converge to a point where they open into the mantle cavity.

Here two small ectodermal cells form a short duct (Text-fig.

19). In the living larva drops of coloured liquid are seen to be

contained within, the vacuoles, but as a rule they are dissolved

oat by the reagents used in the coui-se of preservation. The

whole organ is clothed with a thin mesodermal epithelium.

This single excretory organ has long been known in

Opisthobranch larvae, but the most diverse statements have

been made both as to its origin and function. With regard to

the latter point, there can be no doubt that it is an excretory

organ since it is easy in the living larvge of some Opistho-

branchs to observe the process of excretion. The view put

forward by Lacaze-Duthiers and Pruvot (13) that it was an
" anal eye " must be held to be one of the most curious and

unwarranted of zoological speculations. Two investigators.
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Casteel working with Fiona and Heymons with UmV>rella,

have come to the same conchisions as we have regarding

the origin of this organ. In Umbrella it is originally paired.

There are large ectodei'mal cells, 3r'i and 'ScV\ on either side

of the embryo which divide and sink below the surface, one

cell in each group remaining especially large. Tlie cells

on the left later disappear, while the right group forms the

kidney. In Fiona the secondary kidney is unpaired from

the beginning, as it is in Aplysia. It consists, however, of

a single cell, 3r^'^'. This closely resembles the cells which

form the organ which we have described in Aplysia, the

cytoplasm being much vacuolated, and the nucleus large

and containing nucleoli. In this case there are also other

ectoderm cells near by, which seem to function in the same

way. Clearly, we are dealing with a very similar organ

in these three forms, but in Aplysia it is better developed,

forming a definite organ with a duct and an enveloping

epithelium.

The ectodermal origin of this kidney was first recognised

by Lacaze-Duthiers and Pruvot. Mazzarelli is the only

recent writer who upholds the vicAv that it is mesodermal. He

has worked on Aplysia and a number of other Opistho-

branchs, and has come to the same conclusion for them all.

We find his observations difficult to reconcile with our own.

The organ in question, according to his account, is derived

from two mesodermal cells at the aboral pole, which repre-

sent a paii-ed rudiment of the kidney, as in Umbrella ; in

the course of torsion, however, both cells get pushed round

on to the right side and form the single unpaired structure.

They divide, become surrounded by other smaller meso-

dermal cells, and finally come to communicate with the

exterior by an ectodermal invagination. It would seem that

he took for the rudiment of the kidney two of the large

mesoderm cells, which lie, at the stage he describes, on either

side of the aboral pole : the large ectodermal cells, still

lying at the surface, he has apparently overlooked. But

why at a later stage he should describe two cells, when
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there are never less than four present, it is not easy to

explain.

The Primitive Kidneys.—These organs, described by

Trinchese as nephrocysts, consist each of a large, much-
vacuolated cell with a small nucleus, lying one on either side

of the body at the base of the vehim. In the living embryos

they are very obvious on account of the brightly-coloured oily

globules which they contain (PI. 22, Kl, in figs. 4 to 9).

They appear to be characteristic of Opisthobranch larvte, and

presumably constitute temporary excretory organs. Mazza-

relli ascribes to these cells a mesodermal origin, and when
first seen they certainly appear to lie well inside the body in

both Fiona, according to Casteel, and Aplysia, All previous

attempts to trace them back to their origin in segmentation

have failed, and in spite of employing various methods of

preserving and staining we have been equally unsuccessful.

We consider it probable, however, that they are of ectodermal

origin, of the same nature as the anal cells, which sink below

the surface and lose their excretory function at a time when
the secondary kidney is developed to take it on.

The Alimentary Canal.—We left the segmentation

cavity at a stage when it was largely bounded by the two
large endomeres, A and B. PI, 22, fig. 3 represents a slightly

later stage. The number of endomeres has increased, not by
the division of the large blastomeres, A and B, but of: the

smaller endoderm cells. In the anterior region of the seg-

mentation cavity the two large endomeres do not, therefore,

contribute to form its boundary to such an extent as before.

The cells which give rise to the wall of the cavity iu this

region are chiefly derived from 4ft and D. The posterior

wall of the cavity is still more complete, and its constituent

cells are the derivations of 41, C, and Z). This corresponds

very closely with the condition of things in Fiona, where the

posterior Avail is formed by oB, bh, 4c, hC, 5c, 4D, and

oA. Umbrella agrees very nearly in this respect with Aplysia

and Fiona.

At a slightly later stage (PI. 22, fig. 4) the stomodasum
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breaks throu<jh and comes into communication with the seg-

mentation cavity. When this occurs, the anterior wall of the

latter is still in part formed by the two endomeres, A and jB.

This, however, soon ceases to be the case. At this stage

the intestine grows out as a tube-like evagination from the

right posterior portion of the stomach, and reaches the surface

just behind the anal cells. The anus is formed at once, and

there is but a very slight ectodermal invagination, forming

only the lip of the aperture. In this respect Aplysia agrees

exactly with Umbrella. In this form the intestine arises

from the derivatives of 5c and od ; and this is probably the

case also in Aplysia.

The oesophagus is long and narrow, and almost entirely

ectodermal. From an early period it is ciliated, in the fi-ee-

swimming larva the cilia being very long and numerous,

and in sections tilling up almost the whole lumen of the

tube. Mazzarelli describes a cuticle which lines the cavity

of the oesophagus of Opisthobranch larvie ; our preparations

of Aplysia certainly do not show this structure.

The stomach wall is formed by rather small, clearly defined

ciliated cells, constituting a columnar epithelium. In the

embryonic stages the cilia are all alike throughout the lining

of the cavity, but in the free-swimming larva, in the posterior

region they are replaced by stiff hair-like structures, which

Mazzarelli calls " bastoncelli." They are probably fused

cilia, and serve as a staining apparatus. The fact that they

are not developed until the larva becomes free-swimming

supports this view, for until that stage is reached the embryo

feeds upon the yolk stoi-ed in the liver, and does not take in

food through the mouth. Xo epithelium can be seen covering

the wall of the stomach externall^^ The intestine is a simple

ciliated tube, and also appears to lack an epithelial investment.

At first (PI. 22, fig. 4) it arose from the right ventral poste-

lior region of the stomach, but in the course of the torsion,

which affects the whole of this part of the body, it becomes

c.irried up on to the right side (PI. 22, figs. 6 and 7) ; and

finally, in the free-swimming larva it is seen to pass from the
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dorsal surface of the stomach, slightly to the left of the

middle line. The anus opens into the mantle cavity a short

distance below the secondary kidney.

It will here be convenient to say a few words about the

torsion which the embryo undergoes in the course of its

development. This involves two processes, perfectly distinct

from one another, though in Aplysia they take place simul-

taneously, one being the oro-anal flexion, so characteristic

of molluscan organisation, and the other the rotation of the

anus and adjacent organs through more than 120°, round

an axis coinciding Avith the antero-posterior axis of the

embryo. By the foi-mer process the anus is carried forward

to open anteriorly, and the intestine to lie ventral and parallel

to the oesophagus; while by the latter, torsion, properly so-

called, the intestine, liver, kidney, and coelom are carried

from the ventral surface up on to the right side of the body.

This movement is mai-ked externally by the change in position

of the anal cells (PL 22, figs. 4, 5, 6, 7, 8). The shell alone

appeal's not to be affected by the torsion, for before this

process is complete it has in miniature nssumed its final

shape, which it retains, while the organs inside it are being

twisted in the manner described.

The Liver.—The endomeres A and B which form the left

liver remain very large, and for a long time do not divide.

At a stage corresponding to fig. 5 the nuclei divide, and

thenceforward multiply slowly ; but for some time no corre-

sponding cytoplasmic divisions are to be distinguished. The

nuclei are at first large and filled with yolk, scattered amongst

irregular fragments of chromatin. Later they become reduced

in size after repeated divisions and lose their yolk contents.

The endomeres are full of yolk-granules, and their cytoplasmic

structure is thereby entii-ely obscured. Of the two, B is

approximately dorsal and A ventral. The effect of torsion is

to move B more over to the left and A slightly to the right.

They remain perfectly distinct from one another for some

time, but eventually become fused together on the left side

to form a single organ, the left liver. We have spoken

VOL. 55, PART 3. NEW SERIES. 34
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of the two large irregular spaces generally to be seen in the

two endomeres. '^Iliese coalesce and form a cavity within

the liver, which communicates with the stomach by an

irregular gap in the wall of the latter on the right side and

rather ventrally. Text-fig. 20 is a section taken through

this gap. On the left side is seen the cavity of the stomach

communicating with the cavity of the liver; on the right

side is the right liver, to be described later on. The

nuclei have divided and are reduced in size. The size and

shape of the liver in the free-swimming larva can be made

out from PI. 22, figs. 8 and 9. It may roughly be considered

to consist of two lobes, of which the left is derived from B and

the right from A. The left lobe is much the largest; it covers

the left wall of the stomach, projects anteriorly to it, and

rises dorsally. The right lobe lies ventrally, projecting

beyond the stomach on the right side. The liver is clothed

externally by a fine epithelium of flattened cells. During

the whole of the embryonic period the yolk is being con-

sumed, and when the larva emerges from its capsule it is

entirely used up. The liver now takes on a new function^

presumably one of secretion and digestion, for we have often

observed algae and other food material in the cavity, and

drops of secretion are at times to be seen in the cells.

The right liver is formed in an entirelv different manner.

At a time between the stages represented in PL 22, figs. 4

and 5, certain cells of the right anterior wall of the stomach,

rather nearer the dorsal than the ventral surface, become

pushed out to form a flat, knob-like process (i?. L). This

gradually takes on a rounder shape, and the contained cavity

increases in size, while it becomes constricted off from the

stomach to form a definite organ, which is the right liver.

In the free-swimming larva it is nearly round, and com-

municates with the stomach only by a small and somewhat

iri'egular aperture. When fully formed it lies almost entirely

dorsal to the stomach, the smaller retractor muscle passes

above it and the intestine below and to the right. The cells

composing it are of large size, the cytoplasm consisting of a
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network enclosing- uniform small vacuoles which never contain

yolk. The nuclei are not very different in appearance from

those of the stomach wall, but ai-e usually larger in size. Ex-

ternally it is clothed with a thin epithelium. The right liver

undergoes no apparent change when the larva emerges from

its capsule. It is presumably always secretory in function.

Our account of the development of the liver differs from

that of Mazzarelli, for he states that the right and left liver

arise each from one of the two large endomeres, and this we

Text-fig. 8.

K 1.

LV

K2

Diagrammatic view of an embiyo at a stage when the large

retractor muscle is first formed ; seen from the dorsal surface.

F. Foot. XL Primitive kidney. K2. Secondary kidney. i.L

Left liver. M. mouth. Ot. Otocyst. St. Stomach.

have shown to be incorrect. The peculiar mode of formation

of the left liver is evidently correlated with the great size of

the endomeres. All the yolk is contained within them,

whereas, in such a form as Fiona, certain cells of the anterior

portion of the stomach wall derived from 46- are heavily

laden with yolk and become gradually evagiuated to form

the liver. This mode of formation of the liver in Fiona is, in

fact, not unlike that of the right liver in Aplysia, but the

latter, as we have pointed out, never contains yolk.

The large liver is very characteristic of Opisthobranch and
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Pteropod larvse, and serves to distinguish them from other

Molluscan embryos. There may be present only a single

liver, as in Fiona, or there may be also a smaller right lobe,

as in Aplysia.

Muscles.—These are two in number, one large and con-

spicuous and the other much smaller. 'J'he former makes its

appearance at a stage slightly earlier than that represented

in PI. 22, fig. 6, when it consists of two or three fibres only,

which arise from scattered mesoderm cells descended from 4d.

Text-fig. 9.

F M

ot

K.2

R.l

Similar view of an embryo at a slightly later stage. R.I. Right

liver ; other lettering as in Text-fig. 8.

There is no larval mesoderm in Aplysia derived from the

quartettes of ectomeres, which in many cases give rise to the

larval musculature. The fibres are at first attached to

the body-wall dorsally and to the left of the middle line at

about the level of the mantle-cavity (Text-fig. 8). At a

later stage they are found to have increased in number and

to be attached further back and rather more ventrally (Text-

fig. 9), while in the free-swimming larva their attachment

to the body-wall is posterior, but slightly to the left of the

middle line and still nearer the ventral surface (Text-fig. 10).
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The fibres are by that time fairly numerous, each one con-

sisting of a single spindle-shaped cell, showing longitudinal

striations. They pass dorsally to the left liver and are distri-

buted to the velum and. foot, and some are attached to the

oesophagus near the mouth. The smaller retractor muscle

appears later in development and always consists of three or

four fibres only. They are similar to those of the larger

muscle, and are no doubt of the satue origin. This muscle is

attached posteriorly to the dorsal body-wall on the right side,

Text-fig. 10. -

u.i.

K.2

St

Similar view of a free-swimming larva. C.y. Cerebral ganglion.

P.g. Pedal ganglion. Other lettering as in Text-figs. 8 and 9.

and thence appears to pass into the velum. As Mazzarelli

has noticed, there are no other muscu.lar elements of any

kind to be seen in the larva.

The change in position of the large retractor muscle

noticed above is to be attributed to the fact that the left side

of the embryo, or more correctl}^, a particular zone in the left

side, grows more quickly than the corresponding zone on the

right side. This excess of growth on one side is a familiar

feature in discussions of the question of torsion. It was first

brought to notice by Biitschli. There is little evidence of its
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occurrence, but it is most interesting to note that Casteel has

stated that in Fiona a portion of the left anterior wall of the

stomach can be observed to grow more quickly than the

corresponding portion in the right. It is not necessary

for us to discuss the theories of gastropod torsion, but we
may point out that the excess of growth on one side is

merely the ontogenetic cause of torsion. What the original

phylogenetic cause of torsion may have been we do not know,

and possibly never will know. It is not only possible, but

it is probable, that the phylogenetic cause was something

totally diffei'ent from the actual ontogenetic cause. In tlie

more modified members of a group it often happens that

certain of the older features in the organisation of the larva

get thrown back in development. To some extent this seems

to have happened in Aplysia with regard to the torsion,

organs seem, that is to say, to develop already twisted. We
have indicated the manner in which this occurs with regard

to the development of the shell. It must also happen when
the visceral loop is developed, for there is no sign of it in the

larva when torsion is complete. It must therefore develop

already twisted.

The Coelom.—The mesoderm, as we have seen, appears at

lirst in the form of an ill-defined band, but this arrangement

is quickly lost. In PI. 22, fig. 3 the cells are becoming

irregularly scattered, and a little later are to be found every-

where lying between the large yolk-laden endomeres and the

ectoderm. In PI. 22, fig. 2 two small mesodermal cells are

seen posteriorly, close to the anal cells; these are e and e^ of

Carazzi, which, he suggests, may possibly give rise to the

rudiment of the genital organ. It is probable that these cells

become involved in the formation of the coelom, and that

from the wall of the latter at a much later stage the germ-

cells arise, but as it is quite impossible to follow these two

cells through the larval development, their destiny must

remain purely conjectural. As the foot and velum grow out,

mesoderm cells pass into them, and there constitute a loose

connective tissue; they also form thin epithelial iuvestments
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to the right and left liver aud to the kidneys, and later give

rise to the muscles. When the ectoderm cells of the secondary

kidney have just sunk below the surface, and before they

have become grouped together to form a definite organ, an

irregular aggregation of mesoderm cells appears in this

region, just anterior to the anal cells (Text-fig. 16). In Text-

fig. 17, slightly latei', these cells have formed a definite little

mass close beside the now clearly developed secondary kidney,

and in the next stage (Text-fig. 18) they are seen to bound a

narrow slit-like cavity. This is the coelom. In Text-fig. 19

it has begun to extend anteriorly and dorsally so as to cover

the dorsal wall of the secondary kidney and the right and

antero-dorsal surface of the right liver. In the last stage,

before the emergence of the embryo from the capsule (PI. 22,

fig. 7), the coelom forms two lateral sacs (coloured red in the

figure), that on the right being the larger, connected with one

another by two transverse passages—one lying in front of,

and the other behind, the right liver, which thus projects

dorsally between them. In the free-swimming larva (PI. 22,

figs. 8 and 9) this subdivision of the coelom has disappeared

by the union of the anterior and posterior passages on the

dorsal surface of the right liver. The body-cavity now con-

sists of a considerable thin-walled sac, lying on the dorsal

side of the larva aud covering the stomach, intestine, the

right, and a great part of the left liver, and the posterior half

of the secondary kidney. Its ventral extension, however, is

nowhere very great.

Text-figs. 11-14 show the development of the coelom

in diagrammatic transverse sections through the region of the

right liver and the secondary kidney.

Hitherto the existence of the coelom in Opisthobranch

larv^ has passed unnoticed. Mazzarelli, it is true, mentions

a pericardium, which he describes and figures as a small oval

sac, but in Aplysia, as we have shown, the coelom is of con-

siderable extent and irregular shape. It would seem that

Mazzarelli only observed the coelom in whole preparations,

which would account for his describing it as a small sac, for



TiiXT-FKi. 11.

L.l

K^.

Int. CE^

A.c. Anal cells. C. Coelom. Int. Intestine. A':;. Secondary
kidney. L.l. Left liver. CEs. (Esophagus. R.l. right liver.

VlZ.

A-c

Int.

Lettering as in Text-fig. 11.

Text-figs. 11-14 are diagrammatic transverse sections through the

region of the right liver and the secondary kidney, in order to show

the development of the coslom. which is lettered C.



Text-fig. 13.'

C.d.e.

C.veL

C.v.e.r

K.2

Tt-.c.

C.d.e. Dorsal extension of ccelom. C.v.e.l. Ventral extension of

coelom on left side. C v.e.r. Ventral extension of coelom on
right side. Remaining letters as in Text-fig. 11.

Text-fig. 14.

R.L. /C.d.e C

ces

Lettering as in Text-figs. 11 and 13.

1 The thick broken line indicates the posterior and the thin broken

line the anterior extension of the ccelom ; the x marks the spot at

which the anterior and posterior portions nnite dorsally to the right

liver.
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only the deeper central portion is rendered visible by this

method, and does appear somewhat as he figures it, while the

processes which spread and pass among the organs can only

be reconstructed from sections.

General Considerations.

Although a large amount of Avork has been done on

molluscan embryology, there still remain a number of im-

portant questions about which there is no general agreement.

One reason for this is that, of the many cases investigated,

only a few stages of each are as a rule known. In the

majority of cases where the cell lineage has been worked out

there is no account of the later stages ; and conversely where

these stages are well known, the cell lineage has not been

traced. Such is the case with Paludina, about the later

stagesof which form more has been written than aboutany other

molluscan genus. No satisfactory conclusion is likely to be

reached until our knowledjfe of the earlier stay:es of l^aludina

is more complete. It was with the object of completing the

account of the development in a single genus, in which the cell

lineage is known, that we undertook this work. As yet it is

not complete for reasons that have been mentioned. But the

results that we have so far obtained make it necessary that

we should consider their bearing upon certain theoretical

points in connection with molluscan ontogeny.

The most important facts in our description of the develop-

ment of Aplysia are the large extent of the coelom and

the ectodermal origin of the kidneys. And the first of these

points bears directly on the question of the relation of

Annelids to Molluscs. The resemblance of the trochophore

to the veliger larva has been long recognised ; there

cannot, indeed, be shown to be any essential difference

between them. But there are two points in the development

of both trochophore and veliger which concern us here—the

type of segmentation and the development of the mesoderm.

That form of segmentation which is known as spiral cleavage
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is typical in both Annelids and Molluscs. Whenever in these

groups it does not occui', it is easy to account for its dis-

appearance; in Nassa, for example, and in the Cephalopoda

the form of cleavage is clearly correlated with the large

amount of yolk present in the egg. lliere is often a strikingly

close resemblance between the cell lineages that have been

worked out in the two phyla, but too great stress should not

be laid on this point, since the resemblances between the

cleavage patterns may be taken to indicate a similarity of

physical and mechanical conditions in the egg, rather than of

any close phylogenetic relationship. However that may be,

Carazzi's work on the cell lineage of Aplysia only adds

another to the already long list of remarkable parallels in

this respect between the two groups.

Our own work is more directly concerned with the origin

and fate of the mesoderm in Annelids and Molluscs. In all

Annelids in which the cell lineage has been investigated, the

cell known as 4d gives rise to the most important part of the

mesoderm, and sometimes to all the mesoderm, as in Aplysia.

In some other forms the so-called larval mesoderm derived

from the ectoderm contributes to a greater or less extent to the

structure of the larva. In Annelids the subsequent history

of the mesoderm is well known ; and it is interesting to find

that in many Molluscs well-developed mesodermal bands are

found, in all ways comparable to those in Annelids. As
might be expected, the best examples of mesodermal bands

occur in the more primitive groups of Molluscs. Kowalevsky

has described them in Chiton polii, and Heath in Ischno-

chiton. Among the Solenogastres also we Hndin Dondersia

and Proneomenia that the bands are unusually distinct, and

Patten figured them clearly in Patella. But in the more

modified groups of the Mollusca one could hardly speak of

mesoderm bands except on the analogy of the less specialised

forms. This is the case in Aplysia, where the bands are

never clearly defined and soon break up into scattered cells.

Turning to the development of the coelom, it is here that

we find the first essential difference between Annelids and
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Molluscs. For in the latter phylum there is never any trace

of seg'mentation, whereas in the former, as is well known, the

bands become split up into blocks, in each of which a

coelomic cavity is formed. A further difference is the reduc-

tion of the coelom in Molluscs, but this is by no means so

great as is usually supposed. Though the evidence is as yet

scanty owing to the small amount of work that has been done

on the later stages on development, nevertheless there is

reason to believe that the coelom is, at a late period in the

metamorphosis, of considerable size, and tliat even in the

adults of some of the more primitive groups it remains large.

Kowalevsky long ago described the development of the cceloin

iji Chiton polii, and some of his figures, wiiich show the

ccfilom surrounding the gut, would pass well for a transverse

section of an Annelid larva at a late stage. It is very probable

that a similarly extensive development of the ccelom will be

found in the Solenogastres, where, as we have seen, the

mesoderm bands are of considerable size. Among the

Aspidobranchia, as the most primitive of the Gastropoda, we

might expect a larger body cavity than in the more special-

ised forms, if one regards the extensive coelom as a primitive

factor preserved from an Annelid ancestor ; but unfortunately

nothing is known about the later larval stages. In a recent

account of the structure of the Neritidte, Bourne, hovrever,

has lately described a very lai-ge coelom, more extensive than

has been described in any other gastropod. To find a parallel

to it we must refer, he says, to the Cephalopoda. There are

a number of descriptions of the development of the Pectini-

branchia, in which the ctelom is extensive ; all the authoi's

who have worked on Paludina agree upon this. Other cases

are Vermetus, where Salensky describes a somatopleur and a

splanchnopleur, though unfortunately he gives no figures; and

Bithynia, described and figure by Erlanger. Among Pulmo-

nates andLamellibranchs, asone might expect in such special-

ised forms, we find no evidence of the existence of a large

coelom, this structure being reduced in every case to a small

sac-like pericardium and a reno-pericardial duct. These
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examples will, however, serve to show that a well-developed

coelora is of frequent occurrence in the Mollusca, and that it is

probable that when the later stages in other Molluscan groups

have been more thoroughly examined, a large coelom like

that which we have described in Aplysia will be found to be a

normal feature in the organisation of the Molluscan larvas.

But it is to be observed that the coelom in Aplysia is developed

at a stasre when in both Annelids and Molluscs the mesoderm

bands are still intactand a cavity has not yet been developed.

In very few forms among the Mollusca has the development

of the coelom been traced from the segmentation period

onwards. Among the forms which have been worked out,

Aplysia and Physa follow what we may call the normal

Annelid type, that is to say, the mesoderm, all of it in

Aplysia, and the greater part of it in Physa, is developed

from 4d, and from it the coelom arises. In the others there

is a departure from this type of development ; there are

Dreissensia, Limax, and Cyclas, which have been described by

Meisenheimer, and Paludina, according to Otto and Tonniger.

In the first three cases the cell lineage is known, and 4d

develops in the usual way and gives rise to bands, which split

up and form mesenchymatous tissue, and thus seems to corre-

spond to the larval mesoderm described by Lillie in the

Unionidse, where it arises from 2a^, but is believed to give

rise to the adductor muscle. The coelom is stated to arise,

not from the descendants of 4d, but from cells which proliferate

from the " ectoderm " at a comparatively late stage when

segmentation is complete. The same is said to be the case

with Paludina; the cell lineage is not known in this form, but

it is distinctly stated that there are no pole mesoderm cells.

Such a marked departure from the typical mode of develop-

ment was hardly to be looked for; it is to be noticed that it

occurs in widely separated members of the phylum, and

further, that there are no peculiar bionomic conditions

common to them. So far as our knowledge goes, it would

seem to be an alternative mode of development, which may
occur anywhere in the Mollusca. At fli'st sight it might



530 A. M. GAKK SAIINDKHS AND MARGARET POOLK.

seem to involve serious difficulties us to the homology of the

orgaus formed by these very different processes, but it would

be clearly absurd to argue from this want of resemblauce in

the method by which the cells giving rise to the coelom are

segregated during development that the ccelom and its

derivatives are therefore not homologous throughout the

MoUusca. Evidently the heart, pericardium, and kidneys of

adult molluscs are all homologous. It might thus seem that

the evidence of embryology was worthless in this case ; but

these two modes of development are not so different as might

seem at first sight. For, although a superficial examination

of Molluscan cell lineages leads one to expect that meso-

dermal structures are always formed from the descendants of

4(Zat a parallel stage in development, closer inspection shows

that this is by no means invariably the case. The period at

which the mesoderm becomes segregated from the other

embryonic elements varies considerably ; it takes place in

P I a n o r b i s ra a rg i n a t u s when there are only twenty-four cells

present; in Planorbis trivolvis when there are forty-nine

;

and in Trochus magn us when there are 145, Statements

have also been made that in Tethys and Tei'edo 4d does not

give rise to mesoderm at all. Differences in the mode of

segregation are thus to be found in closely allied genera, and

we cannot lay down any hard and fast rule to govern

developmental processes even in the same phylum. All that

we are justified in saying in the present state of our know-

ledge is that there are certain definite organ-forming

substances present in the egg before segmentation begins

which are homologous throughout the group. As this process

takes place these may be separated into definite cells or groups

of cells, from which the corresponding organs, or complex of

organs, are subsequentlv developed ; but this is by no means

necessarily the case. The factors for the formation of

certain organs, as, for example, the ccelom and related struc-

tures above mentioned, instead of being aggregated at an

early stage into a single cell, may be localised, in many

different cells with a totally different destiny, and only at a
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comparatively late stage become finally segregated out, in

the present case by proliferation.

That the way in which organ-forming substances present

in the egg are finally separated from one another is quite

immaterial in affecting the homologies of the organs to which

they give I'ise is very clearly demonstrated by certain

experimental work, as, for example, that of Wilson on the

egg of Nereis. In this case the cleavage pattern was
totally changed by subjecting the egg to pi'essure, and yet

the larva produced was normal.

These facts, taken together with what we know of the

movements of the cytoplasm before and during segmentation

in Cynthia, Dentalium, Cerebratulus, etc., show that the organ-

forming* substances often shift their position, and are segre-

gated at different periods. Meisenheimer's results have

demonstrated a remarkable instance of this, but provide no

evidence concerning the homologies of the organs.

Before we discuss the larval excretory organs in Aplysia,

we may briefly describe the types found among Molluscs.

I. Flame-Cells:

a. The flame is borne by one cell only ; the duct is intra-

cellular.

(1) Organ consists of two cells: Lamellibranchs.

(2) Organ consists of four cells : Fresh-water Pul-

monates and Basommatophora.

j3. The flames are borne by more than one cell; the duct

is inter-cellular: Terrestrial Pulmonates; Stylom-

matophora and Paludina.

II. Ectoderm Cells which enlarge, become vacuolated

and project from the surface.

a. Position variable, but near the base of the velum :

Marine Prosobranchs.

/3. Position definite, slightly anterior to the anus:

Opisthobranchs.

III. Nephrocysts (primitive kidneys). A single cell some

distance beneath the surface, and without a duct : Opistho-

bi'anchs.
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IV. Secondary kidneys. Several large vacuolated ectoderm

cells opening to the exterior by a short duct : Opistho-

branchs.

The origin of Type I has been diiferently described by

several investigators, and though there seems to be much

evidence of its arising from the ectoderm, yet a mesodermal

origin has been ascribed to it by Erlanger in Paludina,

Stauffacher in Cyclas, and Rabl and Holmes in Planorbis.

If the ectodermal origin of these larval excretory organs

should be proved beyond dispute, we should fairly be able

to compare them v^^ith the Annelid nephridia. Nevertheless,

if these organs are taken as representing ancestral nephridia,

and thus indicating a relationship between the Annelid and

Molluscan phyla, it is remarkable that they have never been

found in the primitive groups of the latter, the Amphineura

and the Aspidobranchia, and yet are present in the highly

specialised Pulmonates. The second type of larval excretory

organ is of no special significance. It has obviously been

developed to meet some special need during the early stages

of ontoo-eny. Type 111 may possibly be of a similar nature

to the preceding, but it certainly stands apart fiom the others,

and until we know whether it is ectodermal or mesodermal,

as has been asserted by Mazzarelli, it is impossible to compare

it with any other form of excretory organ. The fourth type

of kidney, which we have called the secondary kidney of

Opisthobranchs, offers some difficult problems both as regards

its homology and its ultimate destiny. The position it occupies

is very similar to that of the definitive kidney in the adult.

Mazzarelli, when he originally described it as arising from

the mesoderm, believed it to be the rudiment of that organ.

This idea he has abandoned in his later work on the free-

swimming larvfB of Opisthobranchs, and is inclined to believe

that the organ disappears in the metamorphosis, and is in no

way connected with the adult organ. He produces no evidence

for this view, though, as will appear later, we think it has

much justification. Casteel thinks it probable that the

secondary kidney persists through the metamorphosis and
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becomes the kidney of the adult in spite of its ectodermal

origin ; he supports his view by referring" to Meisenheimer's

account of the "ectodermal" origin of the common rudiment

of heart, kidney, pericardium, and gonad in Dreissensia

and other forms. Heymons considered the kidney to be

merely a larval organ ; he further compared it to the external

ectodermal kidneys of Prosobranchs, our Type II. This

suggested homology seems to us very far fetched. To begin

with, these Prosobranch kidneys are variable in position in

the same species, while the Opisthobranch kidneys are derived

from almost the same cell in the three forms, Aplysia, Fiona,

and Umbrella. Further, the Prosobranch kidney is an

external protruding organ, while the Opisthobranch kidney

sinks well below the surface epithelium.

Our own conclusion is that the secondary kidney of

Opisthobranch s cannot be homologised with any of the other

various molluscan kidneys. We have already given our

reason for believing that it cannot be homologised with

our Type II. The fundamental difference between it and

our Type I is that cilia are absent. It is possible that

in such advanced forms as the Opisthobranchs the cilia might

have been lost and the nephridium reduced to some such

condition as that which we find in the secondary kidney.

But the posterior position of the organ makes it unlikely that

it has anything to do with the Annelid nephridium, the

representative of which in Molluscs is always found close

up under the velum. In the embryo of terrestrial Pulmonates,

also, the nephridium is preserved, although they are more
modified than the Opisthobi-anchs.

The position of the secondary kidney suggests at first sight

that it is the rudiment of the definitive kidney. But in all

those cases in which the origin of the definitive kidney is

known for certain, and in which it has been traced from the

embryo to the adult, it has been found to arise as an

evagination from the coelomic epithelium, which joins an

ectodermal invagination and so reaches the exterior. A
communication between the coelom and the kidney is present
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from the earliest stage in the formation of the lattei-, and

persists as the reuo-pericardial a])erture in the adult of all

Molluscs with tlie exception of Nautilus. Now in Aplysia

there is never any connection between the c(jol()iri and the

secondary kidney ; there is no reno-pericardial duct in con-

nection with it ; the two organs, Vjoth in origin and later

development, are perfectly distinct. We consider it therefore

probable that the secondary kiduey of Aplysia is a larval

organ which degenerates and disappears during the meta-

morphosis, and that the definitive kidney arises as an evagi-

nation of the ccelomic epithelium as it does in Physa.
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Section throug-h tlie ri<;bt posterior i-egion of an eniVjryo in the

same stage as figs. 1 and 2 of PI. '11. showing tlie ectoderm
cells, K. 2, which will form the secondary kidney, still lying on
the sni"face.

Text-fig. 16.
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Section through the same region of an embryo a few hours older.

^ Text-figs. 15-20 are drawn from sections 3 ^ thick, with an Abbe

camera with y ^ oil-immersion and a compensating eye-piece. Zeiss, No. 8,

except Text-fig. 20, which is much less highly magnified. N.B.—For

signification of the lettering of figs. 15 to 20 see the explanation of the

same letters in PI. 22, given on p. 539.



Text-fig. 17.

L.t.

M.$

K.2

Sh.gld.

Ac
Section tln-ough the same region of an embryo in the same stage

as m fig. 4 o± PL 22, showing the first signs of the accumulation
ot mesoderm cells m which the coelom is formed at a later
stage.

Text-fig. 18.
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Section through approximately the same region of a slightly older
embryo. The coelom is now a definite cavity Ijounded by the
mesoderm cells. The secondary kidney is here shown cut across
its long axis.
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Section throut;li the saiue region of an older enilnyo. l>ut taken almost

at right angles to the section drawn in Text-fig. IH. Tlie coelom has

increased in size and is beginning to extend dorsally between the body-

wall and the stomach. The secondary kidney is cut longitudinally to

show its vacuolated structure and the duct opening into the mantle-

cavity.

Text-fig. 20.
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Transverse section through an embryo at a stage corresponding to fig. 6,

showing the openings of the right and left livers into the stoma<?h.
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EXPLANATION OF PLATE 22
)

Illustrating Mr. A. M. Carr Sauuders and Miss Margaret

Poolers paper on "The Development of Aplysia
punctata."

Explanation of Abbreviations in Fiuures.

A. Anus. A.c. Anal cells. C. Coelom. C.c. Cerebral commissure.

C.d.e. Dorsal extension of ccelom. C.(j. Cerebral ganglion. C.v.e.l.

Ventral extension of coelom on left side. C. v. e. r. Ventral extension of

cojlom on right side. F. Foot. Int. Intestine. K. 1. Primitive kidney.

K.2. Secondary kidney. L.l Left liver. 31. Mouth. M.c. Mantle

cavity. Ms. Mesoderm. (Us. (Esophagus. 0. Otolith. Ot. Otocysts.

P.
(J.

Pedal ganglion. R.I. Right liver. Sh.yhl. Shell-gland. St.

Stomach. V. Velum.

N.B.—This explanation of lettering api^lies to Text-figs. 15 to 20

(pp. 536-538), as well as to the figures on PI. '2'2.

Fig. 1.—Embryo at the stage immediately before the beginning of

rotation, seen from the right side.

Fig. 2.—Same embryo seen in diagrammatic optical section ; the

ectoderm is represented as peeled ofi:' from the right half of the embryo

and thus seen in section.

Fig. 3.—Slightly older embryo represented as in tig. 2.

Fig. 4.— Slightly diagrammatic view of an embryo about twenty-four

hours older than that shown in fig. 3, seen from the right side.

Fig. 5.—Similar view of older embryo, showing first appearance of the

ccelom (coloured red).

Fig. 6.—Similar view of still later stage. The embryo has now

assumed its characteristic veliger form.

Fig. 7.—Similar view of an embryo a few hours before its emergence

fx'om the capsule.

Fig 8.—Similar view of a free-swimming larva.

Fig. 9.—Free-swimming larva seen from the dorsal surface.
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Intkoductuky.

This paper is a continuation of the series hitherto published

in conjunction with Professor Keeble (1900-1905), and con-

tains a further instahnent of experimental results of a

research upon the colour-physiology of the prawn H i ppoly te

varians, and the wrasse Crenilabrus in el ops. 'J'he work

was carried out by the author during the last three years, in

part at the Plymouth Laboratory of the Marine Biological

Association, in part at the Millport Marine Station, and also at

Manchester University. To the directors of these laboratories

and to the staff of the Plymouth and ^lillport Stations, the

special thanks of the author are due for the unstinted help

which they have always been ready to give. His former

colleague, Professor Hickson, has given the author ever-

ready assistance and much helpful criticism.

1. Thk Influenck op Surroundings (Algal Backgrounds)

ON THE Colour of Crenilabrus Melops.

(1) Introductory.

The immediate object with which this experiment was

undertaken was to ascertain whether in the young stage of

the fish there was a sensitive period at all comparable to

that which is possessed by Hippolyte. I had thought that

by exposing the young fish to backgrounds of diversely

coloured weeds it would be possible to obtain some light

as to the origin of the colour varieties which the wrasse

exhibits.

As in the case of Crustacea these colour varieties may be

classed under two heads: First, the individual colour forms,

which show a series of more or less marked vertical bars on

a variable body colour, and second, the colour phases

exhibited by any given individual.

The Labrida3 offer an exceedingly rich field of research for
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experiment on both these lines. It is well known that the

ballan wrasse varies throusfh a series- of monochrome, barred

and spotted types of coloration from deep red to blue^ and it

has been ascertained by Holt that a given individual is

capable of passing through colour phases from a spotted to a

uniform livery with accompanying changes of colour. It is

also asserted (Noe and Dissard), that these colour varieties

are associated with the substratum over which the fish range.

Thus Gourret, in his beautifully illustrated memoir on the

wrasses of Marseilles^ describes the varieties of several species,

associated respectively with Zostera and with NuUipore-

grounds, and the seasonal changes which they undergo.

The existence of a close relation between the coloration of

many aniuials and that of their surroundings is a well-

e^>tablished conclusion. In the particular and striking case

of Hippolyte varians, the development of this relation has

been shown by Professor Keeble and the author to take place

rapidly if young transparent animals are placed with algae in

a strong light. Thus an experiment conducted in bright

sunshine at Tregastel showed that out of fifteen colourless or

pale red lined Hippolyte, eleven became red after two days'

association with red-brown weed ; and that eight out of

twelve became green on green weed in the same time.

Analogous but much slower changes have been established

by entomologists for sensitive geometrical moths during their

early larval stages. Except for this group, however, the

amount of experimental evidence on the factors that deter-

mine this colour sympathy is very limited. Certain insects

excepted, Crustacea are apparently the only class in which

the action of the environment has been tested ; and even

here the light-factors that determine the development and

distribution of one or more pigments so as to produce an

effect in harmony with the coloration of the environment,

are quite unknown.

With a view of determining these factors I undertook in

1907 a series of experiments with one of the wrasses, the

common gold sinny (Crenilabrus melops).
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Young specimens oE ballau wrasse were unfortunately not

available at Plymoutli, but this species would be an even

more suitable one for such an investigation.

(2) Pigments and Colour Changes.

In the case of Crenilabrus me lops the coloration is of

a barred type. Tlie head is marked Avith streaks of colour

associated with the brain and with the lateral line organs on

the operculum and jaws. The tail is usually marked by a

central black spot, and the greenish or yellowish trunk is

traversed by six or more vertical dark brown bars which

extend from the dorsal fin to the anal, but do not cover the

ccelomic region. This species in its young state is the most

abundant of the wrasses in Plymouth Sound.

The arrangement of the pigment is as follows : Four

colouring matters contribute to this result—blue, black,

yellow, and red. Contrary to the statement by Krukenberg

that the blue colouring of wrasses is due to a special

pigtnent but is an optical colour merely, I find that in

Crenilabrus melops a blue substance is associated with

the skeleton in such a way as to give the young animal a

transparent pale blue tone when the chromatophores are

contracted. The nature of this substance, which, so far as I

know, lias not been previously recorded, is probably not

pigmental, nor has it yet been determined. The green

skeleton of Belone and the "vivianite" associated with some

old red sandstone fishes possibly contain allied substances.

Around the blood-vessels there is also a diffused, blue sub-

stance, which is most easily noticeable in the tins and the peri-

toneum, and forms a blue line along the aorta. The yellow and

red pigments form a network derived from yellow or orange

chromatophores scattered over the back and flanks and along

the fin-rays. The combination of this yellow network with

the underlying diffused blue pigment and the blue skeleton

gives a green tinge to the young fish, whilst the expansion of

red pigment gives a ruddy colouring; when both red and
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yellow chromatophores are expanded a dull yellowish-brown

ground colour results (Plate 23).

The vertical stripes are due to the development of black

and red chromatophores alono-six somewhat irregular bands,

beginning just in front of the dorsal fin and ending at the

base of the tail fin. These bands of chromatophores are of

considerable interest. They occur in their most marked form

in the superb cross-striping of coral reef Labroids and other

families, but they also appear under stimulation as a series of

evanescent banded markings on the skin of unstriped fish.

The common Crenilabrus rupestris shows this vei-y well.

When at rest it is of a nearly uniform brown or dull reddish

colour, but on being handled or when transferred to con-

trasting surroundings the body is seen to be overspread in a

Avave-like manner by bars of a deeper colour, which may con-

tinue to come and go in blushes. Again, Holt has recorded

the appearance and disappearance of dark transverse bars in

the common ballan wrasse (Labrus raaculatus). In this case

the fish had exactly the same property of expanding and con-

tracting the metameric tracts of chromatophores without

altering the body colouring. Sometimes, indeed, the bands

disappeared almost entirely and the fish became of a uniform

green colour. Crenilabrus rupestris has, at least in its

younger stages, the same property. It may, and usually does,

exhibit a banded appearance, but the bands may be extin-

guished and the body assume an almost uniform green tinge.

^

The presence of these bars of colour is b^ no means wholly

dependent on the nature of the surroundings. In Creni-
labrus melops they tend to appear under conditions that

favour expansion of pigments, but they also appear instantly

if a fish is transferred from white to dark vessels. Tactile

stimuli are especially effective in bringing about alternate

flushing and pallor along these tracts. It is clear that they

are more or less raetamerically arranged tracts along which

* Since this was written the observations of Townsend (1909) and of

Tate Regan (1909) have revealed an unexpectedly wide range of rapid

colour-changes in tropical fishes.
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nervo impulses act on the cliromatophores. The phenomena,

in fact, recall the pilo-tnotor or goose-skin reflex in man.

Recent physiological researches (Van KynVjerk) have shown

in certain Pleuronectids that the ganglia of the sympathetic

system supply each a definite transverse band-like region on

the upper side, and that these regions overlap one another

to the half of their width. Stimulation of these regions by

induction currents pi-oduces contraction of the cliromato-

phores. Section of the spinal nerves and of the rami com-

municantes of the sympathetic, leave the i-egions in question

dark and their chromatophores permanently expanded.

This power of localised colour change is still very imper-

fectly understood. The development of the affected regions

has not been undertaken, nor is the heightened coloration

of the breeding season as yet in any way explained. It is

therefore of some interest to note that in the case of the

uniformly coloured adult Ctenolabrus rupestris I have

been able to observe the banded pattern appearing in the

post-larval stuge 10 mm. long. The pattern at that stage

differs but slightly from the livery of ''melops," Ijut the

difference is that in the former the pigmentation arises in the

form of these transverse bars separated by clear areas, whereas

in melops, so far as I have observed the species, the barred

pattern is inter-connected by diffused chromatophores. The
subsequent monochrome pattern of "rupestris " is evidently

dei"ived from this earlier-barred one by development of

interstitial pigment : but the presence of the bars even in the

adult is revealed at the moment when under stimulation the

skin becomes traversed by dark segmental bars alternating

with areas of pallor.

(3) The Influence of Daj'light reflected from the

Algal Backgrounds.

Experiments on this problem were carried out as follows :

The young wrasses, obtained by hand-netting over Laminaria

fringes, were placed in clear glass vessels, and these, in turn.
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were immersed in bell-jars filled respectively with Larainaria

saccharin a, Nitophy Hum, and Ulva. Similar batches

of wrasses were also placed in dark-bottomed and porcelain

vessels, and in complete darkness. A double circulation was

maintained, and the weeds were renewed twice a week. The

young' fish were fed with tow-nettings and with amphipods.

The bell-jars stood on the south side of the laboratory, and

i-eceived diffuse daylight on all sides.

Table I, pp. 574-575, gives the result of this experiment,

which lasted for about thi*ee weeks.

The lio-ht reflected from the weed backsfrounds is a most

important factor in the case, and in previous experiments has

not received sufficient attention. Different as the three weeds

are to the naked eye, their spectroscopic examination reveals

little diversity; indeed, the important differences in the light

i-eflected from their surfaces (or transmitted through them) is

the preponderance of one or more of the parts of the spectrum

they transmit in common. Thus the green Ulva (in more

than one layer) transmits from red to green, the green being

somewhat more vivid than the red, but with no great

difference of intensity. The red Nitophyllum also reflects

red to green, but whereas the red is bright the green is exceed-

ingly dim. Laminaria also transmits from red to green,

but here the whole spectrum is very faint.

The results show that brown weed backgrounds produce

the same effect on the coloration of young Crenilabrus

Mielops as does a black background. The fish may undergo

temporary flushing and pallor under the conditions of

examination, and there is a tendency for the dark bands to lose

their distinctness, but the result (PI. 23, fig. 1) is decisive. The

amount of red pigment is greater than in similar specimens

exposed to light reflected from red or green weed. The
reflected light is more dim and is diffused over the whole

spectrum in the case of black backgrounds than in that of the

brown weed, and it is probably this difference which explains

a tendency to greenness in some of the records.

The results with green and i-ed weeds en masse are some-
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what surpi'ising. 'J'he fish in both cases become green or

greenish, with brown bands. ^J^here is no well-marked

differential result, such as we shall find in dealing with

transmitted light. The yellow pigment is well developed and

well expanded; the red pigment, however, showed more

expansion in green backgrounds than in red. This coloration

is one intermediate between a white and a black background

result. In the case of red weed the effective rays are the red

or the red-orange, and so far from these encouraging the

develop ent and expansion of the red pigment they seem to

have the contrary effect, for from August 14th to 20th the

records all run green, and thongh there is a subsequent period

of darkening the red colour is not noticeable. The inference,

therefore, is that in the case of red weed the red end of the

spectrum is concerned in the formation and expansion of

yellow pigment. In the case of green weed the results are so

similar as to leave the specific action of the green rays

uncertain. The red and orange rays, both of green and of red

weed, appear to act alike, while the bright green rays of Ul va

or the dull green of Nitophyllum does not exert any very

definite action.

(4) Influence of Light transmitted through Algaj.

(Table II, p. 576, and PI. 23, figs. 2 and 3.)

When, however, the experiment of transmitting light

through a thin layer of algal tissue is made, the results are

not only more definite but also help to interpret the former

experiment.

Table II gives the records obtained by exposing young

wrasses of the same species as those employed for the preced-

ing work, to light transmitted through two fronds of green,

brown, and red weed respectively.

For this purpose two rectangular museum jars were

employed. The inner one contained the fish, and was

separated on three sides by a chink about 1 cm. wide from

the outer, the space being filled with water and fronds of the
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weed. The whole stood in strong' diffused light and had a

double circulation.

These experiments give a ]nuch more definite result. In

green weed surroundings three of the fish lost in a week

tlieir initial gi-eenness, and, together with the remainder/

became entirely brown. Not only so ; out of four, three

showed considerable amounts of red pigment, and, as we shall

see, contrasted very markedly with the other experimental

batches (fig. 3).

The brown weed experiments gave a curious result. The

fish were initially green and so remained, but in the red weed,

out of five specimens, two of which had been originally

greenish, three were now green and the remaining* two

showed only tinges of brown, although at first they had

been barred with that colour.

In this experiment, therefore, green and red weed acted

quite differently from each other ; the green light-filter

encouraged the brown colour and i-ed pigment, whereas

red encouraged green colour and yellow pigment. Brown
surroundings resembled red ones in maintaining the green

tint. The contrast between this result with transmitted light

and the former with reflected light is so striking and puzzling

that I, at this point, undertook the experiments (referred to

on pp. 552-561) on Hippolyte with a view to clearing up

the discrepancy.

The explanation, I believe, is to be sought in the spectro-

scopic analysis of the light transmitted or reflected by thin

and by thick masses of the respective weeds. Thus Ulva,

two fronds in thickness, transmits red to green, but as the

thickness is increased it transmits orange, yellow, and green

onl}'. Single fronds of NitophyUum transmit red to

green, but several transmit almost pure red with a trace of

green. Brown weeds transmit from red to green, the general

intensity being low. Taking, therefore, the red as the pui-cst

screen, the remarkable feature about it is that along with the

greater purity and intensity of the red light there is in the

fish submitted to its action a green result due to the combina-
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tion of" many and well-expanded yellow pig-mented chromato-

phores with an underlying blue pigment. The light, it is true,

is not monochromatic, but in the succeeding section it will be

seen that a similar result obtains even when monochromatic

light is used.

Here, then, the result is that in strong red-orange light

yellow pigment is well developed, but that red pigment is

not. Turning to this green-weed experiment we have the

converse conditions and result. In these fish a brown colour

and red pigment are strongly developed (Table II).

Considering that the contrast of green weed to red weed

lies in the extension and greater brightness of the green part

of the spectrum, the inference is that the development of red

pigment is due to the green light and that the strong red

light encourages the formation of yellow. The two together

give a brown coloration.

Brown weed in a thin film transmits from red to light blue,

but only the red end is of fair intensity. Under a brown

screen the fish maintain their green colour and the contracted

condition of the red chromatophores.

(5) Note on Coloration of Larval Gobies.

Before passing on to these experiments on Hippolyte, I

may interpolate a short statement of results obtained by sub-

jecting certain larval fish to varying illumination. It is to

be expected that tlie discovery of sensitive and responsive

species will prove a difficult matter, and these notes may
serve to help future workers in their choice of material.

During the past summer I obtained the eggs of two species

of Gobi us (G. paganellus and G. minutus) with a view

to determining the rate and direction of pigmentary response

to cultural conditions. The larval chromatophoi-es are either

black or of that '^yellow" colour wliick is only seen by

reflected light. Specimens developed and hatched in dark-

ness showed normal pigmentation. On green backgrounds

(obtained as explained on pp. 561, 562) the appearance of the

larvae after a week's exposure and again after a foitnight
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was not perceptibly different from that of those kept on red

backgToiinds, nor from control specimens kept in clear vessels

uniformly illuminated. Larvie of Lepidogaster gonanii
and of L. bimaculatus were equally intractable. There

can be no doubt that long-continued experiments are neces-

sai-y owing to the slow pigmentary changes in these animals.

(6) Summary.

(Crenilabrus melops.)

Darkness (for five days) produces extreme contraction of

all chromatophores.

Black and white backgrounds in white light (three weeks'

exposure) gave respectively the usual dark brown and the

light (green) colouring associated with this illumination.

Brown-weed background acts like black. Green and red

algal backgrounds produce a greenish tint intermediate

between the effects of black and white backgrounds.

Weed light-filters produce an entirely different effect from

the weed backgrounds (Table II). Daylight transmitted

through green weed induced brown coloi-ationand considerable

amount of new red pigment. Daylight transmitted through

red weed produced green coloration and yellow pigment.

Brown weed is too opaque for any differential effect to show

itself.

These results, then, go to show that the action of algal

backgrounds is complicated by the impurity of the colours

transmitted or reflected from them. The nearer these approach

to the complexity of white light the more does the background

resemble a black or a white one, i.e. general contraction or

expansion results. The purer the colour or the more intense

the particular part of the spectrum, the greater is the develop-

ment of pigment of complementary colour. These results,

however, were too few to establish the relation, and I there-

fore undertook the following experiments on a more con-

venient subject, Hippolyte varians.
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II. The CoLOUit-PHYSioLOGY OF Hri'POLYTE Varians.

Previous aiialj'sis (1904) of the factors that determine the

wide range of sympathetic coloration in Hippolyte varians
has revealed :

(1) Tliat at the time of birth the cbromatophore system is

constant in organisation, and offers such slight variations in

the amount of the only true pigment (red) as to suggest that

the colour of the parent does not influence that of the

offspring.

(2) That the next known (adolescent) stage (4"5 mm. long)

presents three colour patterns : Red-lined pattern (by far

the most common), barred pattern (rare), Jind monochrome
pattern.

(o) Tliat these young, transparent, adolescent animals

become green on green weed, or red on red weed within

forty-eight hours .if placed amongst a mass of weed sti-ongly

illuminated bv direct sunliy:ht.

(4) That having assumed the tint of their surroundings

the young animals can be persuaded to change it witliout

difficidty, but tljat in latei- stages this elasticity is lost and

colour-change is only effected slowly or not at all.

(5) That the adolescent colour-pattern may become the

adult one if the environment is kept constant, but thiit lined

and barred patterns are in aU probability transformed into a

monochrome by the filling up of the interstices upon exposure

to a more uniformly coloured background. These results

place the chief efficac}' of colour-development in Hippolyte
upon external factors. The eye and nervous system control

the response to background, but do not determine it.

Inheritance provides paths along which pigment develops,

but does not settle the colour or pattern. The young animal

appears plastic, but the old one is a creature of habit.

The need for. a more careful analysis of these responsible

external factors and of their continued workinof has led to the

following results. The variability of broods born of similarly

and of diversely coloured parents and the prolonged action of
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monochromatic light are the two chief problems dealt with

here. The conclusion is diawn that when monochromatic

light is made to fall upon all sides of the experimental animals,

so as to obviate a strong background effect, the result is a

pigmentation complementary to the colour of the incident

light and also to that obtained in Hippolyte by the use of

coloured backgrounds and white light.

(1) Methods.

Although none of the methods employed for rearing the

larva3 of Hippolyte were thoroughly successful, the record

of the attempts made on this very difficult problem may be

of assistance to other workers. A means of obtaining a

satisfactory solution is one of the most pressing needs of

experimental biology.

The vessels used consisted of large bell-jars, supplied with

an air- or water-current or stirred by a glass plunger.

Seasoned vessels as well as sterilised ones were used; filtered,

'^ outside," and tank-water were respectively employed;

diatoms (Nitschia) and algiil cultures (Phaeocystis mixed

with other green flagellates) were used as food. The vessels

were shaded, exposed to diffuse light, and kept in darkness
;

tlie backgrounds were translucent, absorbent, and reflecting
;

the incident light used was monochromatic (red and green)

as well as white light. The temperature was kept down to

16° C. by a water-jacket, and in other cases allowed to rise to

18° C. or over, but in spite of all these variations of treatment

the lavvEe only survived about ten days. It is possible that

some means of removing the first sickly specimens would be

a great improvement, and it is, ot course, also likely that a

better diet could be found. The larvae, however, readily eat

green flagellates and seemed to digest them.

The monochromatic screens used in the case of larvae con-

sisted of selected pieces of coloured glass (ruby or green)

combined with coloured gelatine films. These were placed

over the inverted bell-jars, the sides of which were converted

into absorbing or reflecting backgrounds.
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A continuous air-curreiit was led into the water, and the

coloured screen was cut so that its halves embraced the air-

tube, which was blackened at this point. The junctions of

the screen with the bell-jars consisted of black velveteen so

as to cut out any oblique white rays, but it was found that

great care is needed to avoid liquefaction of the gelatine films.

A trial was made with Schott's coloured glass, but except the

red the samples submitted were not monochromatic.

In order to observe the prolonged effect of monochromatic

lijj'ht, and to obviate the dominant inlluence of the back-

ground, fluid screens were constructed. To insure a fairly

strong light the screen was made of one cell only, and not, as

in the case of Landolt's original design, of two or more. A
double glass vessel was employed consisting of two beakers or

of two large cuvettes, the inner one standing on glass supports,

so that its rim just cleared that of the outer vessel. The inner

vessel was then provided with young, transparent Hi ppoly te

in filtered water, and finely divided Ceramium was used as

food. The space between the two was then tilled with the

colour filter until the level exceeded that of the water in the

inner vessel, the top inch or so of which was rendei-ed opaque.

A cover of glass, or of glass and gelatine, was then placed

over the double vessel, and the whole was then transferred to

a shallow aquarium in a strong light. In one case a circula-

tion of tank-water was maintained in the inner vessel. The

main point of the apparatus is to provide a means of flooding

the animals (which remain in mid-water attached to their

weed) with transmitted coloured light, and thus largely to

iivoid tiie affect of light reflected from an absorbent or

reflecting background, such as has been generally employed

in previous experiments. The surfaces on which the vessels

stood were either slate or dull white brick, but there was

always a layer of the fluid, some 2 cm. in thickness, btween

the bottoms as well as between the sides of the two vessels.

The coloured solutions employed consisted of the following :

For i-ed a strong solution of erythrosin in distilled water, the

strength being increased until a 2 cm. layer cuts out all the
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orange. Weak lithium carmine solution in a 2 mm. layer was
used in 1909. For green a 60 per cent, solution of copper

chloride with a trace {ry\y of the volume employed) of 6 per

cent, potassium chromate gave a good result in 1*5 and 2 cm.

thickness. For blue, ammoniacal solution of copper sulphate

was used, a concentrated solution to which strong ammonia
was added until the precipitate was thrown down and could

be filtered off. Unfortunately this blue screen, probably

owing to the ammonia exhaled, is very toxic.

The light employed was direct, or direct and diffuse, day-

light. In the former case the vessels stood for more than half

their depth in a tank placed on the south side of the Plymouth

Laboratory. In the latter the vessels were placed about

10 ft. from the south window on the slate base of the table

tanks. In 1909 the vessels stood opposite a north window
on a glass shelf, and were illuminated from below by a mirror

as well as from above and laterally. The temperature main-

tained by a flow of water around the outer vessel was 16'5° to

17"o° 0. even in direct light; that of the inner vessel with a

continuous water-current was 16° to 17° C. Other experi-

mental batches were maintained in clear glass, and under

white or black background influence as well as in darkness.

(2) Variability of the Larval Pigment.

The chromatophores of Hippo lyte varians at the time

of hatching usually contain a single granular pigment of a

red (scarlet) colour. No true yellow pigment is present, but

there is a substance in the chromatophores that is yellow by

reflected light and brownish by transmitted light. This is

very constant in all broods. A variable amount of diffuse

blue pigment is associated with the red.

Previous investigations (Gamble and Keeble) have shown

that " the progeny of females (in Hippo lyte varians) with

much red pigment have more of this substance in each

chromatophore than have those derived fi'om green parents

in which red pigment is less abundant.

The question is of some importance since the initial amount
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of this substance might conceivably influence the subsequent

colour-history. It seemed, therefore, advisable to obtain

more records of this varying proportion of red pigment, and

also to determine the conditions which favour or inhibit its

development.

The results obtained are shown in the adjoining Table, and

are derived fromastudyof the offspring of some twenty parents.

Larvfe from those Hippolyte which are pink, red, or brown,

possess a fair amount of the red pigment in their chromato-

phores at the time of hatching (the greatest amount in the

samples examined being in the red-lined female broods).

Larvte from colourless (extremely pale pink) female varians

are devoid of red pigment ; whilst larva? of green parents

occupy an intermediate position, some batches being coloured

like those of brown or pink parents, but not so deeply ; others

from equally good green parents exhibit no red; and others,

again, exhibit, unlike all the preceding cases, an inconstancy,

and show traces of the red pigment in only 36 per cent, or so

of the offspring.

Hippolyte varians.

Numher Hud colour of fenmle pareut.
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types may be combined in a single brood in the proportion of

36 per cent, dominant or pigmented forms.

Tlais result at once suggests that green in the parent is of

twofold origin; and the facts of earlier experiments support

the suggestion. It has been shown (Gamble and Keeble)

that green is both an independent stable colour-form and

also a colour assumed by brown specimens on a transfer to

green weed. Further experiments are necessary to decide

whether the green parents with recessive red colouring are

of the former type, and those with more dominant red

pigment are of the latter colour-history. The new points

that emerge are the absence of red pigment in certain

broods, and its presence in only a percentage of others.

Repeated attempts were made to experiment with broods

from an isolated parent under diverse conditions of light,

food, and temperature, but without much success after the

first week or ten days. The chief results obtained were

(1) that zoese developed and hatched in darkness (from brown

parents that became green under these conditions) possess

the normal pigmentation, thus showing that light is not

essential to pigment development, and also confirming the

suggestion just made, that it is those green parents which had

been previously brown that give rise to larvte with red pig-

ment ; and (2) that there is a steady increase in the amount

of red pigment in broods of green parents. For example, the

tint of zcea3 of green parents approximated after a few driys

to the colouring of the larvae of red parents. It is, there-

fore, doubtful Avhether the initial differences in pigmentation

between the broods of similarly or diversely coloured parents

are of any moment in determining the ultimate coloration.

III. (1) The Influence op Transmitted Monochkomatic Light

ON the Formation op Pigments in Hippolyte Variaks.

Previous work on the influence of monochromatic light

(1900, p. 619, 1904, p. 356) upon Crustacea concerned itself
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cliieriy with short exposures made upon an absorbing or re-

flecting background. The results showed that the light acted

irrespective of its colour according to the nature of the back-

ground, almost as though it were white light of low intensity.

Moreover, experiments with coloured backgrounds of weed,

against which young, transparent, al most colourless H i p p o 1 y t e

were exposed to direct sunlight, showed (1905, see Tables)

that in two days, eleven out of fifteen prawns became red on

red weed, and eight out of twelve became green on green

weed. The coloured backgrounds, when flooded with white

light, produced sympathetic colouring. The red was a

mixture of red and yellow, the former predominating, the

green a mixture of the same two pigments but yellow pre-

dominating. In both cases a difluse blue pigment occurs also.

This result appeared to lend some support to the view of

Wiener (1895) (which has since undergone elaboration

[Bachmetjew, 1908] ), and to suggest that the dominant rays

of the background evoked especially that pigment or that

group which agreed in colour with the reflected light.

In order to ascertain more fully the effect of monochromatic

light, ] determined to eliminate, as far as possible, this

dominant influence of background, and to ascertain the

result of exposure to incident light of one colour. So far as

I am aware, the experiment in this form has not hitherto

been undertaken. The starting-point for this experiment

was furnished by young transparent Hippolyte varians

taken by netting over Zostera beds and Laminaria-fringes.

These fall into two groups : typical faintly red-lined forms

provided with red and yellow chromatophores along the gut

and nerve-cord, and with red ones at segmental intervals in

the integument ; and more uniformly coloured specimens

with similar pigments, but with chromatophores more evenly

distributed. In both cases the amount of pigment is not

enough to give the specimens a decided tinge. They are

similar to those used for the weed background experiments

quoted above, and are figured on PI. 23, fig. 4.

The vessels which were used are described above (p. 554),
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and tlie conditions of the experiment were such as to flood

the animals witli monochromatic light on all sides. The
weed chiefly used for food was the natural food-plant,

Ceramium; a little fine green weed was used in one of the

i-ed light experiments. The vessel was surrounded on three

sides by the fluid colour screen and rested on a faintly re-

flecting surface, so there was no strong background effect.

The light employed was direct and diffused sunlight, and the

effects of heat and of ultra-violet rays were largely obviated

by the conditions of the experiment.

The results of the experiment are given in 'J'able III, pp.

577, 578, and show that whilst the Hippoly te, in white light,

developed into brown forms containing both red and yellow

pigment in about equal proportions, those in red light passed

through a brown stage, but ultimately (three weeks) became

green, some remaining, however, reddish-yellow in 1909,

whilst the survivors in green light became bright carmine.

In other words the ultimate colour in this experiment is the

complement of that of the incident light.

The details of the end-result show clearly that the green

Hippolyte produced in red light and the crimson Hippo-
lyte produced in green light are peculiar and distinctive.

The former possess yellow pigment in a maximally expanded

state, and such little red as they possess is of a vermilion tint.

^loreover, the yellow is of a distinctly greenish tinge and is

accompanied by either very little diffuse blue or none. Thus

the green colour in these experimental specimens under red

light is largely due to an increase in the amount and quality

of the yellow pigtuent accompanied by contraction of the

formerly dominant red pigment (PI. 23, figs. 6 and 9).

The crimson Hippolyte produced in green light is no less

distinctive (PI. 23, fig. 5). In contrast to the usual type of

red forms, the yellow pigment has completely disappeared

and the chromatophores are entirely filled with a deep carmine

pigment suffused with a bluish tinge. The general deep

carmine colour was new to me. ^Moreover, the chromatophores

on the surface of the eye-stalks were abnormally developed.
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In view of this very decided coniplementary colour-change

the regrettable mortality that occurred in vessels exposed to

green light in 1908 does not seriously diminish the value of

this result^ though larger numbers would add to its cogency.

These were obtained in 1909. The experiments of 1908 and

1909 are compared on Table V and with the other experiments

of this paper on Table IV.

(2) The Influence of White Backgrounds and of

INloiioch rouia tic Back "-rounds in \Vhite Litrlit.

The effect of short exposures to the influence of white

(porcelain) and of l)]ack (cloth or ])aint on glass) backgi-ounds

on the colouring of young and old Hippolyle has been fully

treated in a previous menioir.' It was there shown that what-

ever the quality or ([uantity of the light employed (within the

experimental limits), the background effect dominated, pro-

ducing contraction if white and expansion if black. It

occurred to me, however, to see whether the same results

would follow a long exposure made with young specimens in

which tlie pigments were rapidly developing.

The results of a nionth's trial are of considerable interest.

The Hi})polyte on black surfaces simply followed the usual

procedure under such conditions, and developed maximal

amounts of red and yellow pigments, which gave them a deep

reddish tint. On the white background, however, after a

first phase of transparency, they began to develop red pigment

along- the nerve-cord, and finally became uniforndy marked

with a ventral red stripe, whilst over the rest of the body the

pigments were reduced to microscopic dots or disappeared.

This remarkably adaptive result was obtained in diffuse light,

the top of the deep porcelain vessel being covered with muslin,

through which a stream of water was maintained from a tank

above (Table IV, p. 579).

In 1909 these background effects were extended so as to

include the results of red and green. The vessels employed

were large museum jars, painted, except for a large rectangular

1 (1904), p. 353.
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window, with several coats of pure paiut. Spectroscopic

tests showed that the red was pure and that the green paint

reflected only a trace of blue in addition to the whole of the

green light. These vessels were kept under a water-circula-

tion and faced a south light. Finely divided pieces of

Ceramiuni were employed as food. The Hippolyte used

wei*e small, almost colourless specimens, similar to those

employed in the other experiments on coloured light.

The results of exposure to these monochromatic back-

grounds was very decisive (Table IV, p. 579). Upon the green

one the development of pigment was arrested. The Hippo-
lyte assumed a semi-nocturnal (green) tint, and remained with

the red pigment contracted throughout the experiment. This

green colour is, however, not retained if the background is

changed. Under these circumstances the animals revert to

the pale red-lined colour variety which they exhibited

initially. Upon the red background, on the other hand, the

red and yellow pigments had considerably developed, and after

a month's exposure gave a bright orange-red tint to the

specimens, and tiiis persisted after change to other back-

grounds. It would be of interest to know whether Minckie-

wicz (1907-8), who has also obtained results of this kind

with Hippolyte, tested the permanent or transient nature

of the induced colouring.

IV. The Food of Hippolyte as a Possible Source of

Pigment.

The relation of Hippolyte varians to the alga3 of its

choice is a distinctive one. The peculiar features of this

species, the range and cryptic character of its variable colora-

tion, its choice of, and tenacity of hold upon its weed, its

distribution, and its food are all bound up with the presence

of these plants. It is possible that Idothea and some
Amphipods ai-e equally intimately related to their habitat,

but among macrurons Decapods Hippolyte varians is

probably unique in this dependence upon its algal environ-

ment.
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In former papers on the subject, the relation existing

between the pigments of Hippolyte and tlie coloration of its

surroundings was explained as due to light effects, as if the

weed backgrounds in virtue of their disposition, of their

luminous character, and colour, acted as stimuli to tlie chroma-

tophores of the prawn. However, before we accept that

explanation, the influence of two other factors must be con-

sidered : First, the effect of darkness on pigment-formation,

and second, the source of these pigments, whether derivative

or not. The first factor—darkness—is discussed on pp. 577-

579, and it is there shown that the red (vermilion) pigment

does not i-equire the stimulus of light for its development, and

that it increases in amount when the Hippolyte are kept in

darkness. The yellow pigment, however, is more dependent

on light for its formation and increase, diminishing in amount

in specimens kept in darkness, especinlly if little or no food is

supplied to them. The crimson pigment and the diffuse blue

colouring matter are not at present investigated from this

point of view. There is evidence, however, that light is

essential to the production of all varieties of Hippolyte,

except the reddish-brown ones. The other factor—the source

of pigment itself—is less known than are the conditions which

determine each particular tint. The colouring matter of the

food is one possible source, and this has to be briefly con-

sidered, since, if proved, it -would simplify the problem of

sympathetic coloration. That the sub-hypodermal colours of

caterpillars and beetle larvfe are due to diffusion of fatty

pigments from the food- contents of the gut is a conclusion

reached both by Poulton and Towers, though the physio-

logical details of this remarkable process have never been

ascertained. But thehypodermal coloui-s of these animals are

of an entirely different nature from those of Hippolyte,

and appear to be determined by enzymes, elaborated by this

layer acting upon the " primary " cuticle or retained within

tlie hypodermal cells. In Hippolyte and in Crustacea

o-enerally (as in the insect larvas), the first formed pigments

are developed independently of the plant-food present in the
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mother, and it would be of great interest to know how they

were formed.

In order to test the influence of food-pigments on the

development of pigment in Hippolyte, the following experi-

ment was carried out at Millport, N.B. A series of double

glass vessels were prepared, the Hippolyte being placed in

the inner chamber and a mass. of weed in the outer one. Two
series of pressure-bottles, one in diffused light, the other in

darkness, were set up for isolated specimens. The food

employed was chosen from the following: The natural alga

chopped up into fine pieces so as not to act as a massive back-

ground ; etiolated Laminaria, also subdivided ; the muscle of

Hyas, the colourless ovary of Hyas, and the scarlet, mature

ovary of the same crab. The specimens of Hippolyte em-

ployed were 5-7 mm. in length, colourless, and tending on

a black background to assume a faint brown-lined colour

pattern.

Table A.—Feeding Experiment.

Colour of Hippolyte after exposure to contrasted colours in

food and surroundings, Millport, 1909. Colourless foods

employed are crabs' muscle, etiolated Laminaria, and

colourless ovary of Hyas. The Hippolyte used were

from 6-8 mm. long and colourless to the naked eye.

Experiment lasted seven to ten days.
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'i'he results are shown on Table A, and at once bring out

the fact that colourless muscle, white or red, ova are greedily-

taken up, but that the background is the dominating factor in

the resultant coloration in daylight. Thus against a back-

ground of green weed Hippolyte fed with colourless food,

with red ovary, and with fine brown weed became green. In

darkness, however, the amount of pigment in the food has

a rough relation to the resulting colouring that will need

furtiier experimental testing, but there is no good evidence

that the colour of the food determines that of the prawn.

V. Analysis of the Coloured Light Experiments.

(1) In green light, and amongst red weed, Hippolyte

develops crimson and deep, not superficial, colouring.

The presence in the experimental vessels of a fair quantity

of finely branclied red weed (Ceramium) would, under the

action of diffused, strong green light act as a black back-

ground, and this, as we know, in the presence of white light,

encourages the formation of vermilion and yellow pigments,

and these are most notably absent.

The crimson effect in green light cannot, therefore, be

merely due to dim light acting on a dark background. It

must be due to a distinctive factor not present in the other

experiments, and that factor can only be the green rays. In

the presence of these rays, not only is the crimson pigment

developed, but the vermilion and yellow pigments are dis-

missed. Whether a similar result would follow if a colour-

less food were used is of course a subject for further research.

The most striking feature of this crimson colouring obtained

during exposure to green light, is the fact that it is comple-

mentary in colour to that of the incident light. This rehition

may have a considerable significance. In an earlier paper

(1905) it was pointed out that strongly iusolated Hippolyte

showed mobile fat in their chromatophores, and as this fat

disappeared in specimens transferred to darkness there was

some ground for the inference that the production of this
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fat was associated with the presence of light. If that were

so the assumption of a complementary colouring would be

obviously the best means of absorbing the maximum amount

of coloured liglit^ and of obtaining any other benefit which

light might confer upon metabolism. Under the conditions

of deep water, where the green or gi-eeu-blue rays have

filtered down from the sui-face, such a colouring would be the

most efficient absorbing pigmentation, and it is well known

that in hauls made from the deeper water of the English

Channel the Hippolyte are uniformly of a crimson colour.

The facts as to these crimson Hippolyte produced in green

light would be most comprehensively explained by saying

that the red Ceramiuni acted merely as an excitement to

coloration, but that the carmine pigmentation is produced

under the direct stimulus of the green light employed,

,o\ r Green weed . Green coloration . Superficial and deep.

Tj }y 1 < Red weed . Yellow or hrownish- cliromatopliores.
*^

(. yellow

The action of red light is less easily analysed. The constant

effect associated with it, is the production of yellow pigment

and the maximal expansion of that pigment into networks

producing a grand colour. Then, according to the absorbent

or reflecting natui-e of the background (i,e. green weed or

red weed), we have a green or a brownish tint, in the latter

case accompanied by a development of scarlet chromato-

phores both at the surface and along the lines of the

alimentary tract and of the nerve-cord.

In the case of red light, therefore, it would seem that the

direct action of the rays lies in the production of yellow

pigment, and that the nature of the background, indirectly

modified by the further action of the red light, modifies this

yellow coloration less or more. If the background be red.

the action of the rays is intensified, and a red background is

thus instituted. Probably this is the factor that gives the

scarlet chromatophores, for, as will be seen subsequently,

that is the effect of a red backsrround in white lig-ht : the

resultant colour is then brownish-yellow ; but where, as in

VOL. 55, PART 3,—NEW SEKIPJS, 37
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the case of green weed, the ])ackgTouiid is of a less luminous

character, the red colour contracts in tlie Hip))olyte and

the resultant coloration is then green, owing, in some cases,

to the presence of diffuse blue mingling with the yellow

network, and in the longest experiment to an apparent

change in the pigment from yellow to green. Tlie most iin-

])ortant and most clear influence of red liglit, however, is the

spread of the yellow pigment.

These results are so strikingly dissonant from those obtained

by subjecting Hippoly te to green or to red backgrounds that

an explanation is cleai'ly called for. They differ not only in

being totally opposed to the sympathetic colouring so charac-

teristic of the latter, but also in being slowly acquired. It

may fairly be asked, if red light reflected from red surround-

ings gives red Hippolyte, why does red light diffused give

green or yellow ones ? The same contradictory relation

obtains between the action of green surroundings and diffused

green light.

In answer to this objection attention may be drawn to the

double natureof the light affecting Hippolyte under natural

conditions. There is the light i-ettected from the background

and there is also the general diffuse light.

The rapid sympathetic background colour-relations obtained

experimentally have been made in strong daylight, and as the

depth of water is increased or as the red end of the spectrum

is cut off the conditions of the experiment are materially

altered. A stronorlv coloui-ed backo-round becomes black in

every light except that of its own colour, and in the presence

of it we should expect the usual black background effect

(brown, i.e. red and yelloAv pigments) to be produced in

Hippolyte in any light except that with which it agreed in

colour. But whilst this background effect is an undoubted

factor, its potency is determined by another factor, namely,

the definite action of diffused monochromatic light. The

action of many rays has yet to be determined, but from the

foregoing account a case has been made out for the action of

green and of red light. This action, though slow, is very
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precise, and it would certainly lielp to account for the

crimson and yellow colouring found in deep-waterand shallow-

water Hippolyte respectively.

The results, then, of these two factors, the action of diffused

coloured light and that of backgrounds in white or mono-
chromatic light, are not contradictory. They are the two
factors which, so far as we yet know, are associated in the

production of pigmentation in Hippolyte. The green speci-

mens on Zostera are green, not only because they are on a green

background in bright or fairly bright light, but because at or

near the surface of the sea the red rays are most potent, and

their action is to produce that network of yellow pigment in

Hippolyte, which is the basis not only of green tints but of

those yellowish tints that this animal assumes on the etiolated

parts of Zostera, and of the bi-own specimens on various

brown weeds so characteristic of the Plymouth littoral flora.

The diffuse red light, on penetrating to more densely absorb-

ing backgrounds, such as coarser brown weeds, is checked in

its action upon Hippolyte by the tendency for such back-

grounds to produce red pigment in them. Hence the absence

in s^^ch cases of that more precise colour-relation to the inci-

dent light. The brown pigmentation contains many red and
yellow chromatophores, but the red is scarlet and not the

crimson of the deeper zones.

Passing out of the range of the action of the red rays, the

characteristic zone of the Florideae is encountered, and it is

in this zone that the green rays are more potent. Their effect

in producing crimson pigmentation is seen in parti-coloured

specimens of the red-lined variety and in occasional pink

specimens of the Laminarian zone, but it is not until a fair

depth is encountered that their action is made clear by the

dominance of this peculiar carmine pigment, which has

hitherto been confused with the vermilion or scarlet one

under the confusing term " red." No doubt there are similar

effects of yellow, orange, and blue rays to be analysed before

a full analysis of the coloration of Hippolyte can be given.

The main conclusion derived from these experiments is that
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lufluence of Light on the Colours of Lepidopterous l^upae.

(After Poulton, Petersen, etc.)^
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the pigments developed in Hippoly te, when kept in diffused

monochromatic light, are not the same as those which appear

in specimens kept in daylight on a background reflecting

these rays. On a red background in Avhite light, Hippolyte
becomes reddish-orange; in pure red light it becomes

yellowish or green. On a green background in white light

Hippolyte becomes pale green. In pure green light it

becomes crimson. On backgrounds of weeds, young colour-

less specimens speedily acquire the corresponding tint. Mono-

chromatic light, then, when saturated, has an entirely different

effect from the same light diluted with daylight. As we pass

from the surface to the deeper waters of the sea this dikition

becomes less marked. The "background effect," so potent

in producing the more littoral colour varieties, becomes less

overwhelming as the red and yellow rays are absorbed by the

surface waters. Further down, in British coastal waters, the

blue end of the spectrum is said to be absorbed, so that at

eight fathoms the dominant light rays are greenish or

bluish-green (Oltmanns^). Consequently the effect of satu-

rated monochromatic light is most probably felt in the region

below the eight-fathom line.

If this distinction between the effects of coloured back-

grounds in white light and of diffused monochromatic light

on pigment production is Avell founded, it should be supported

by analogous results in other animals. Fortunately the work

by Poultou and others upon Lepidopterous pupa3 give a

closely comparative result. As will be seen from the appended

table extracted from their papers, the effects of monochromatic

light are very different according as to whether the dominant

rays are or are not diluted by white light. Although these

experiments have not been made with a view to excluding

background results so completely as those given in this

paper, yet the distinction between the effect of red light, for

example, when concentrated and when diluted, is quite

analogous in the case of larval pigmentation in insects to its

effect on pigment-production in Crustacea. As a pure

1 • Jahrbuch. Wiss. Botanik.,' 1892, p. 420.
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concentrated light, both red and green rays act like orange-

yellow ones in suppressing pigment. Wh<in diluted, however,

with white light, red rays produce pigment and pure green rays

do likewise. As a background in daylight, theiefore, the

monochromatic rays act in one way ; as a pure incident light

they act in an'opposite fashion. This apparently contradictory

result is therefore supported by the evidence from experiments

on two widely different groups of animals, Crustacea and

Insecta.

What exactly, then, are the factors that determine the

extraordiuai-y close sympathetic coloui'-rendering of the

environment in the pigmentation of these animals ? First of

all in both groups, light is not essential to the production of

pigment. Poulton's results, as well as my own, show that

dark-kept animals become dark coloured, though somewhat

irregularly. lu the case of Hippolyte darkness does not

induce the formation of all the pigments. Red (vermilion),

the dominant one, and yellow to a less extent (giving a brown

coloration), are the only colours formed in the absence of

light. In the insect larvge, brown pigment is likewise formed

in darkness, and develops as a sheath upon the green sub-

epidermal layer. The action of light, then, in both groups is

rather directive or inhibitoiy than effective. In the case of

insects, the orange-yellow rays are apparently those which,

when reflected from backgrounds, inhibit this brown pigment

and allow the subjacent green pigment to confer its full

value on the colour of the larva or pupa. In Crustacea the

case is different ; the action of these rays upon them is at

present quite unknown. The colours are pigmentary, con-

tained in chromatophores and not "hypodermal" as in

insects, but the production of the well-known green, brown,

and reddish varieties of Hippolyte is due mainly to manipu-

lations of a reddish-yellow coloration Avhich is formed in the

absence of definite stimulation.

The liyht reflected from natural alg-al backgrounds is of aO CD <~>

mixed character, but with some yellow, some green, and

varying amounts of red in it. All we have to imagine is



THE KEIATION UKTWEKN JJCIHT AND PKIMENT-EOKMATION. 571

that in the production of a green Hippolyte on Ulva the

yellow and blue pigments are encouraged, the red discouraged.

We do know that this effect occurs in pure red light, but

in this case few red rays are reflected. We are driven to the

conclusion that in daylight the yellow of Ulva directs the

expansion and development of yellow pigment, and the green

the expansion and development of blue pigment. In other

words, we have here Wiener's eli'ect or conclusion confirmed.

But when the water deepens, the red (vermilion) pigment, no

longer inhibited by light rays, develops more strongly, and

yellow and brown, and even blackish, Hippolyte occur in

response to the diffused background of brown weeds, the light

from which contains chiefly red and yellow-green rays. At this

depth the incident light has lost some of its red and yellow

rays, and is of a more bluish-green colour. From this depth

onwards the action of diffused light becomes more and more

apparent, that of the background less so. In the dominantly

green water the crimson and diffuse blue pigments of

Hippolyte develop to the exclusion and repression of the

red and yellow oues, thus giving the various shades of

carmine, purple and violet, that characterise Hippolyte
taken in deeper water and in deep, shady crevices near the

shore. In a greater depth than that to which light extends,

Hippolyte varians is not found. Indeed, it does not

appear to extend beyond the range of some ten fathoms. In

deeper Avater the genus is represented by Spirontocaris, the

colour problems of which have not yet been investigated.

If we accept this conclusion, that carmine, purple, violet,

are colour effects, related directly to the diffuse green light

in which many animals of deeper water live, an explana-

tion may be found for the prevalence of these colours in many
other groups. For example, carmine is a tint acquired by

some tish, Crustacea, many echinids, starfish, and corals.

Violet or purple is an even more characteristic pigment of

the deep-sea fauna. This purplish tint is complementary to

green, and the relation has given rise to much speculation,

but, so far as I am aware, the above experiments with
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Hippolyte ^ive the first indication that the purplisli colour

is actually deveh^ped in a few weeks when the animal is

exposed to <^reen light.

The significance of the scai'let colouring, so characteristic

of abyssal Crustacea and of certain more shallow-water forms,

e. g. Hemimysis lamornee, is still obscure, but the obser-

vations made above as to the development of red (vermilion)

pigment in young specimens kept in darkness may throw

some light upon the subject. With i-egard to Hippolyte

varians, the facts so far ascertained are these :

The red pigment is the first to appear. It arises in the

larva, even if tiiis is reared in darkness, and the amount at

the time of hatching is roughly proportional to that in the

mother. In adolescent specimens subjected to darkness the

scarlet pigment increases in auiomit.

VI. Slmmaky ov Results.

Crenilabrus melops.

(1) The colouring of young specimens is due in part to the

blue endo-skeleton and in part to chromatophores.

(2) On backgrounds of weeds these fish assume varied

coloration. On brown weed they become brown, on green

weeds green, on red weed green.

(3) In light transmitted through weeds, Crenilabrus

assumes a colour, the complement of that which is most

strongly represented in the incident light. Thus, in light

mainly green, a brownish red colour (due largely to red

pigment) develops. In light mainly red, a green colour (due

largely to yellow pigment) develops.

Hippolyte varians.

(1) In any brood the amount of larval pigment (which is

always red) is constant, and is correlated with the amount of

red pigment present in the female parent in all colour-

varieties except green.

(2) A given green Hippolyte throws one ot" three kinds
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of young; red, colourless, or a mixed brood, containing red

and colourless individuals in the proportion of nearly 8:1.

(3) This result suggests what is probable on other grounds

—that green Hippolyte are of two, and possibly of tliree

kinds: (1) Brown forms that have become green
; (2) green

forms that have undergone no change of colour; and (3) a

cross between these two. In the absence of knowledge of

the male parentage of the broods, the last suggestion needs

confirmation.

(4) Light is not essential to the production of red pigment

in the larva. Darkness does not prevent the continued pro-

duction of red pigment in young forms.

(5) The action of monochromatic light upon the pigment-

formation of Hippolyte is entirely different from that of a

monochromatic background in white light.

(6) In pure red light, yellow pigment develops. In some

cases this leads to a green coloration : in others the colour

remains yellow.

(7) In green light a carmine pigment is produced, and any

red or yellow pigment existing in the experimental batch is

either destroyed or disappears almost completely.

(8) On a red background in white light, Hippolyte becomes

reddish-orange.

(9) On a green background in white light, Hippolyte be comes

green, but the colour is not retained if the batch is transferred

to an absorbing dark background.

(10) Continued exposure to daylight and a white back-

ground produces hypertrophy of the red pigment along the

nerve-cord and a disappearance of the red and yellow

pigment elsewhere.

(11) The production of sympathetic colouring in the

shallower zones of the coast is explained as a background

effect, in which the incident diffused light plays little part.

The influence of background is predominant. The prod uction

of crimson colouring in deeper water is explained as due to

diffused green light.

(12) There is no evidence that the pigments of the food

(alg£e) are the sources of the pigments of Hippolyte.
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Table II.

—

Experiment II. Ckknilabrds melops. Light
transmitted tliroug'h Weed.

Date.—
Aus:ust
2:ira,

1908.
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Table IV (1908-9).—Summary of Influence of Light on the

Development of Pigments in Hippolyte varians.

Starting point for these experiments: Small specimens (4^-5^

mm. long), transparent colourless (on black background),

faintly red-lined (on white background). Yellow and red

chromatophores present, but not in sufficient quantity to give

rise to a definite colour (PI. 23, fig. 4).

Li'sht.
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Table V.—S um in a ry of Results s li o w i n g t li e C o 1 o n r i ng

obtained by subjecting Young, almost Colour-

less, HiPPOLYTR VAKiANS to Diffused Transmitted
Monochromatic Light. Seefigs. 5-7.
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Table VI.

—

Showing Effect of Background on the

Development of Pigments in young Hippolyte

VARIANS.

1908.

White porcelain vessels with an air-

circulatiou. Fine red weed used for

food. One vessel covered with a sheet
of sfreen glass and two layers of
Baker's Sfreeii gelatine giving pure
green light.

1909.

Large museum jars painted with
several coats of flatting, a clear
space being left m the front. The
red rt'itting reflected red light only,
the green flatting reflected green
light and a trace of blue Fine red
weed WHS used for food. Water-
circulation employed. 25 specimens.

Time in

weeks.

1
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EXPLANATION OF PLATE 23,

Illustrating- Professor Gamble's paper on " Tlie Relation

between Liglit and Pigraent-forrnation in Crenilabrus

and Hippolyte."

Fig. 1.—Young Crenilabrus melops (x 5) in the dark-banded

phase induced by exposure to dark backgrounds.

Fig. 2.—The green phase in the same fish induced by exposui-e to red

light transmitted by red weed, and also by exposure to backgrovmds

of red weed for one week.

Fig. 3.—The reddish brown banded phase assumed by exposiire for

a week to light transmitted through green weed. The red colour is

a shade too pronounced in the figure.

Fig. 4.—Young Hippolyte varians in the almost colom-less con-

dition in which it is taken among weeds when 4-5 mm. long, (x 24.)

These colom-less Hippolyte formed the starting-point for the experi-

ments i-ecorded in this papei*.

Fig. 5.—The brilliant carmine colouring induced in Hippolyte by

exposiire to pure green light for three to four weeks. ( X 22.) Food-

plant, Ceramium.

Fig. 6.—The green colouring induced in Hippolyte exposed to red

light for four weeks. Food-plant, fine green weed.

Fig. 7.—The yellow colouring induced in some Hippolyte exposed

to red light for four weeks. Food-plant, Ceramium.

Fig. 8.—Chromatophores from fig. 7, highly magnified. ( X 390.)

Fig. 9.—Chromatophores from fig. 6, highly magnified. ( X 390.)

Fig. 10.—Chromatophores from fig. 5.

Fig. 11.— Chromatophores from Hippolyte exposed to white

i-eflected light for one month.
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Is the Trophoblast of Hypoblastic Origin as
Assheton will have it ?

By

A. A. W. Iliihreclit.

With 7 Text-fii?ures.

In the 'Quarterly Journal of Microscopical Science' there

has lately appeared (vol. 54, part 2) an article by my friend

Asshetou^ m which he points out certain objections which he

feels inclined to raise agaiust some of the views that were

developed by me in a contribution to the fifty-third volume

of this Journal, entitled " Early Ontogenetic Phenomena hi

Mammals."

Although I regret that he has not seen his way to comply

with the invitation which I addressed to my fellow-embry-

ologists in October, 1901 (it was published on p. 5 of my
article on "Tarsius" in the 'Verh. Kon. Akad. v. Weten-

schappen te Amsterdam/ vol. viii. No. 6, 1902), and which

was intended to minimise printed disputes, where personal

inspection of the preparations might bring about consensus

of opinion, still, I accept his challenge (loc. cit., p. 221),

and will now " discuss more fully the difficulties which have

arisen in the minds of some wlio are unable to accept (my)

theoretical conceptions." In doing so I wish to remind my
readers that I am not going to treat all the objections raised

by Assheton one by one. Many of them will remain sub lite

until new facts have been discovered, settling the point in

dispute eitlier one way or the other. I will on this occasion
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restrict myself to a point of very fundamental importance on

which Assheton's and my own views are diametrically

opposed to each other, ever since 1898. If the new facts

which I bring forward in this paper should be convincing

enough to change the minds of those who feel inclined

—

following Assheton's example—to look upon the ti-ophoblast

as hypoblastic, I have no doubt that my proposal to exclude

from the phylogeny of Eutherian mammals any ancestor who
deposited megalecithal eggs, like the Sauropsids and the

Ornithodelphia, will find a more easy acceptance on their

part.

Assheton's reasons for considering the ti-ophoblast as an

essentially entodermal foetal envelope were first developed in

1898, in his article on " The Segmentation of the Ovum of

the Sheep" (' Quart. Journ, Micr. Sci.,' vol.41). Plate 18

of that article presents us with a series of diagrams most

delicately shaded in red and blue, which were meant to

explain the mutual relations of trophoblast, epiblast, and

hypoblast in ten different genera of mammals, and to compare

them with the Sauropsidan arrangement.

These diagrams have not found favour with later authors

on this subject, and have been taken no notice of in Hertwig's

extensive ' Eutwickelungsgeschichte,' in three volumes. At

that time I refrained from entering into any polemical dis-

cussion, considering that later observations would show the

untenability of Assheton's ingenious but unsatisfactory

generalisation. In writing his latest article Assheton has,

however, allowed himself to come too strongly under the

influence of his own hypothesis of twelve years' standing. I

see no necessity for entering upon any detailed discussion

concerning the numerous and different arguments which have

led other embryologists as well as myself to reject that

hypothesis of Assheton's now that new facts have come to

light concerning the very earliest segmentation stages of

Galeopithecus. This very archaic genus may be looked upon

as a derelict representative of a group that in earlier

geological epochs gave rise to the modern bats. There are
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certain points of agreement between its early development

and that of Pteropus, whilst Leche's anatomical work (' Kgl.

SvenskaVet.Akad.Handl./ Bd.xxi, 1886) upon Galeopithecus

points in the same direction. Of this genus I have now in my

possession several series of sections made through segmen-

tation phases, some of which I have here figured.

These sections leave no doubt that the trophoblast of

Galeopithecus originates by delamination at as early an age

as the two- and four-cell segmentation stage, and render it

utterly futile to try and explain the Galeopithecus tropho-

blast as "due to an overtiow of the yolk or hypoblast cells

over the epiblastic i-udimeut" (Assheton, I.e., p. 228).

If we look more closely at the three stages of Galeopi-

thecus here figured and begin with the one that is the furthest

developed (Text-fig. 1), we find full coincidence with a similar

stage described by Asshetou for the sheep (I.e., 1898, Pi. 16,

figs. 14, 15), by Keibel for the stag ('Arch. f. Anat. and

Phys. Anat. Abt.,' 1902, p. 292), by Weysse (' Proc. Amer.

Acad.,' vol. XXX, p. 28o) for the pig, by van Beneden for

the rabbit and bat ('Archives de Biologie,' vol. i), by

myself for the hedgehog, for the shrew ('Quai-t. Journ.

Micr. Sci./ vol. 80, PI. 17 : vol. 31, Pis. 36, 37), for Tupaja,

for Tarsius ('Verh. Akad. Wetensch. Amsterdam,' vol. iv,

1895, Pis. 1, 2; vol. viii, 1902, Pis. 1, 2), and for Nycti-

cebus (' Keibel's Normentafeln,' 1907), as well as by other

embryologists for various other mammals. This is the

common starting-point in which there is a trophoblast and

an embryonic knob with a cavity below it, and in which a

hypoblast is not as yet distinctly developed, although just

beginning to msike its first appearance. It should be borne

in mind that this very stage is thus characteristic for genera

of mammals so diverse as those mentioned above. The

way in which Asshetou attempts to prove from yet earlier

stages of the sheep that the outer trophoblastic layer is in

reality a derivate of the hypoblast sippenrs to me to be so

pre-eminently artificial (c.f. I.e. his figures 9-14) and the

argumentation so weak, that I must ascribe to a similar
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incredulity on van Beneden's part that this latter author in

tlie important article which appeared one year later than

Assheton's (' Anat. Anzeiger/ 1899, p. oO')), does not take

the slightest notice of the Euijlish autlior's view that the

trophoblast (van Beneden's '^couche enveloppate") should be

looked upon as an entoderin.Ml derivate.

If we now return to Text-fig. 1 of this paper and inquire how
this stage in the ontogeny of Guleopithecus has been reached,

Text-kh;. 1.

Section of ;l blastocyst of Galeopitliecus with embiyonic knob
and enveloping trophol)last, jnst before the estal>lisliment of

the continuous hypoblast.

we see that it has been preceded bv the stages of which

Text-figs. 2 and o are the repi'esentatives.

In Text-fig. 2 the centre of the different sections is occupied

by comparatively large nuclei, evidently belonging to a central

group of cells—the mother cells of the embryonic knob.

Outside this embryonic knob and forming the peripheral

layer in these sections is protoplasm in which distinct cell-

boundaries are not visible, but in which a certain number of

nuclei (smaller than those of the embryonic knob) clearly

indicate that in the live blastocyst a peripheral cell-layer was

diflerentiated in addition to the embryonic knob.
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Groing' back yet one stage earliei-, in wliich the two first

cleavage-cells are just on the point of splitting up into four (as

is distinctly indicated by the karyokinetic figures of fig. 30),

we notice, besides the two cleavage-cells, three polar bodies

of comparative large size, as they are known for mammals in

general. Moreover, at the periphery of the two cleavage-

cells we find separate nuclei, indicating the very first origin

by an early delamination process of the cells which in

Text-figs. 2 and 3 constitute the continuous layer of trophoblast.

Text-fig. 2.

'Si'j.

a. '^ ^

=%

.ji^sm^i.W^
\

^ .*»

d.
^''

Fig. 2.

Galeopitheciis. A series of five sections tbroiio-h a, stage of

cleavage preceding the blastocyst of Text-fig. 1. Embryonic
knob with bigger nuclei contrasting with the smaller peripheral

trophoblast-nuclei. No central space as yet developed.

In the mammalian genera liitheito e.\auiined with respect to

the origin of the trophoblastic layer (Tarsius, Tupaja, rabbit,

sheep, pig, stag, dog, mouse, guinea-pig, etc.), the tropho-

blast undoubtedly makes irs appearance at a somewhat later

stage of cleavage, or rather the distinction in the morida

stage between the mother-cells of the embryonic knol) and

those of the trophoblast is not so soon evident as it is in

Galeopithecus. However, the karyokinetic processes by

which in this latter genus the trophoblastic nuclei sepat-ate

from the segmentation nucleus (which in its turn owes its
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origin to the union of the male and female pronncleus) at so

early a moment are not revealed by my preparations, and we

cannot for the present come to any sound conclusion as to

which of the two modes of formation of the trophoblast is

the more arcliaic one.

Recognising that the definite answer to this question can

only be given when a number of new observations will be at

GUI- disposal, I may still be allowed to call attention to the

fact that in diMleopithecus the spot where the polar bodies are

Tkxt VUi. '.].

Galeopithecus. A series of six sections through a cleavage stage
just preceding the formation of the second pair of cleavage-
cells. In C karyokinetic figures indicate tliis. In B—E the
pohxr bodies are visible. Apparent tropholjlast nuclei are
situated pei'ij)herally.

applied against the egg (see Text-rig. 8 B—E) remains without

troplioblast nuclei somewhat longer than other parts of the

egg's surface. The question presents itself—supposing the

process is more piimitive in Galeopithecus—whether this

particularity might have led (in such mammalian genera that

should be considered as phylogenetically younger) to the

arrangement which lias induced van Beneden, Duval, and

Assheton (in his later publications) to consider the cleavage-

process of those mammals as revealing epibolic characteristics.

In case this question will later have to be answered in the
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affirmative, the so-called blastopore which van Beneden (1875)

described in the rabbit's morula-stage might correspond to

the spot referred to in the three figures (Test-fig. 3 B—D),

where the polar bodies lie.

Having thus shown that Assheton's hypothesis of the

hypoblastic nature of the trophoblast is irreconcilable with

the phenomena in Galeopithecus, I emphatically repeat my
conclusion that we are not justified in accepting it for any

other vertebrate. He himself will admit that, such being

the case, the comparison of the trophoblast of mammals with

the " deckschicht " of fishes comes to the foreground with

increased validity,

I have already stated above that it is not ray intention in

this paper to follow Assheton's criticism step by step. A
more extensive article on the ontogeny of Galeopithecus will

appear in the course of this year. I shall there find occasion

to reply more fully to other parts of Assheton's criticism.

There is, however, one point on which I feel bound to

apologise, viz. that I have not allowed enough space for the

recognition of the fact that my kephalo- and noLogenesis had

ah'eady been partly foi-estalled in several of Assheton's papers,

and had by him been termed proto- and deuteiogenesis. I

ought to have particularly mentioned these names in my
paper of 1908. Still, I must maintain my terminology now

th;it Assheton himself states (I.e., p. 240) that his and my
names " signify a different interpretation," and now that he

maintains that mine "does not represent the actual facts."

As matters stand I feel that the important issue which is at

the base of the whole question of gastrulation in vertebrates

(very fully treated in Keibel's contribution to vol. x of the

' Ergebnisse der Anatomie und Entwickelungsgeschichte,'

but since then looked upon in a somewhat different light

after his and my own short papers in the ' Quart. Journ. Micr.

Sci.' [vol. 49] and in the ' Anat. Anzeiger' [vol. xsvi] had

appeared) renders any polemics about the nomenclature that

should be adhered to untimely. Very numerous investigations
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sire yet necessary, .-md will nndonbtedly soon be undertaken,

before we dispose of the comparative material which is

necessary for settling this important point in Vertebrate

ontogeny, and for finally deciding which nomenclature ought

to be adhered to. 1 gladly leave the latter decision to others,

but would not let this paper see the light without recognising

that until lately I have not sufficiently been aware that

Assheton already in 1894 expressed opinions to which Keibel

and myself have cotne along other roads, and which, though

far from identical, still ovei-lap each other in many respects.

Al'PKNIMX.

While this papci- was in the press, :ittem])ts were made by

Text-fig. 4.

Ir

.-caSTto:

Fig 4

Part of a section through the blastocyst of Manis. The ectodeviu

(ec.) and ondodenn {en.) of the enihrvonic knob are transversely

cut. Tlie ti-ophoMast cells appear darker in this figure.

me to ascertain whether other genera of mammals might

perhaps exist which furnish evidence concerning the early

phases of the trophoblast that might further corroborate the

facts sucb as they aie presented by Galeopithecus. I was all

the more anxious to obtain information concerning the earliest

stages of the scaled ant-eater (Manis), as, by a i-egrettable

lapsus calami, which disfigures both the English and the

German version of my '"'early ontogenetic phenomena in

mammals, etc.,^' a gastrula stage of Manis is erroneously

attributed to Galeopithecus.

It is fig. 18 on PL C, in vol. 53 of the 'Quart. Journ. of

Micr. Sci.,' and fig. 46 in the Gemnan publication. I here
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reproduce the misnamed figure of this early Mauis, and

have since had the good fortune of obtaining sections of yet

earlier cleavage stages of the same animal.

Sections of early blastocysts of two specimens of Manis ^re

Text-pigs. 5a and b.

Tig-. 5 80. Pig. 5 b.

Two consecutive sections of very eai-ly blastocysts of Manis, which
show what is presunial )ly the earliest trophoblastic covering of
the mother-cells of the embryonic knob.

reproduced here in Text-figs. 5 a, h, and G. The stage of Text-

fig. 5 is presumably a two-cell, the other (as far as I can follow

it up in the consecutive sections of the series) a four-cell

cleavage stage (purposely but incorrectly not counting the

Text-fig. tJ.

'^i.:%

Another section through another blastocyst of the same genus
in the same stage.

trophoblast cells as such). In both tlie differentiation between

the mother cells of the embryonic knob on the one hand, and

the already so much more numerous trophoblast cells, leads

to the inevitable conclusion that the phenomenon of the

separation of the larval trophoblast from the remaining
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embryonic cells takes place at quite as early a moment as we
have above described it for Galeopithecus, and that " also
in Manis it is perfectly excluded to look upon the tropho-
blast cells as hypoblastic. And so the early Manis may be
joined to the early Galeopithecus as fatal to Assheton's
interpretation of the trophoblast. I cannot yet say with
certainty, but I have reason to believe that also in the very
young hedgehog similar peculiarities occur.

At the same time it is very suggestive that the quaint and
aberrant mode in which the trophoblast cells of Galeopithecus
and Manis arise offers so many points of mutual resemblance
between these two genera, and differ not inconsiderably from
what we find in Primates, Rodents and Carnivores.

Later investigations will have to decide whether the
phenomenon, as it presents itself in Galeopithecus and Manis,
is one of precocious segregation.
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Introduction.

The experiments described in this paper were performed

on Pecten maximus at the Laboratory of the Marine
Biological Association at Plymouth.

The object of our work was to investigate the histology of

the reaction of the tissues to the presence of a foreign body,

and to determine the origin and method of formation of the

fibrous tissue formed around it.
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As one type of foreign body we cliose sterile agar jelly,

which has little or no irritative or toxic action on the tissues,

and is not removed by phagocytosis. As another type we
chose masses of gill-tissue and of the tissue of the digestive

gland, taken from an animal of the same species. Neither

of tliese could be injected under aseptic conditions, and both

were capable of removal by phagocytosis. Considerable

irritation was set up by the implantation of tliese tissues,

especially in the case of the digestive gland. This produced

marked degeneration of the neighbouring tissues, possibly

owing to the liberation of ferments and consequent digestive

action.

Pecten ujaxiinns was selected for these experiments on

account of the laige size of its adductor muscle, which

presents a homogeneous mass of tissue particularly suitable

as a site for implantation of foreign bodies. Before making

this choice, experiments were tried on several other animals,

but it was found that in most cases the technical difficulties

encountered in endeavouring to make implantations into

small masses of tissue, and in determining the exact relation

of the underlying organs to the superficial anatomy, were

too great to lender these animals suitjible subjects for

experiment.

Such experiments were tried on Carcinus maenas,

Pagurus bernhardus, and others of the smaller species of

crabs, on Palasmon serratus, Ligea oceanica. Aphro-
dite aculeata. Patella vulgata, Aplysia punctata,

Archidoris tubercubita, and many Lamellibranchs, but

none offered such promise of success as Pecten maxim ns.

Methods.

Pecten maxim us can be readily obtained in the Salcombe

Estuarv. It was found necessary to allow these animals to

become acclimatised to living in the laboratory tanks before

proceeding to th^ experimental work. When first placed in

the tanks the mortality Avas heavy, often amounting to 30



riBKOUS TISSUE PKODUCED AS A REACTION To JXJIT1{A\ 597

per cent, in the first three days, but after the hipse of about

a Aveelv the survivors appeared to be fully acclimatised to the

changed conditions, and often remained healthy for some

months.

Experiments on animals whose health was doubtful were

of no value, both because the shock consequent on the

injection of the foreign body frequently caused death, and

also because the reaction of the tissues was not normal in

unhealthy specimens. When a Pecten is healthy it lies

with the valves of the shell slightly apart, the tentacles are

expanded, and it responds rapidly to any stimulus by closing

the shell; when held up in the air, the water which drains

away is clear and contains no slime. An unhealthy specimen

lies with the valves of the shell wide open, there is little or

no response to stimuli, and the valves only close under

pressure. The tentacles are retracted, and the gonads, gills,

and tissues generally, look Habby and unhealthy. The water

which flows out between the valves is slimy and viscid, and

this is generally the first sign of deterioration.

All instruments used in the experiments were carefully

sterilised in boiling water.

The transplanting needle resembles a large hypodermic

needle about 1 mm. in diameter and 6 cm. lono-. Into the

hollow needle a somewhat longer stylet fits closely and Avorks

like a piston. Any material taken up in the point of the

needle is sucked in by drawing the stylet back, and again

ejected by pushing it forwai-d.

For injecting into the muscle, a solution of agar in sea-

watei", coloured by a little heematein, was used. The agar jelly

was liquefied by heating in boiling water, and was drawn up

into the transplantation needle. On cooling it forms a

cylinder, of the diameter of the needle, which is easily intro-

duced into the nniscle.

The adductor muscle of Pecten maxinius is so large that

there is no difficuly in selecting a spot at which to bore the

shell. The apex of an equilateral triangle, having for its

base the line of junction of the posterior auricula with the

VOL. 55, PART 3. NEW SERIES. 39
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right vulve, nuirks roughly on the surface a point at which

the shell may be bored without damage to any organ. ]iut

as the animal gapes when removed from its tank, it is easy

to slip a cork between the valves and select a spot by

inspection.

The holes were drilled in the convex or right valve by an

ordinary dentist's drill, the head of which was prevented fron>

penetrating too deep by a lapping of thread.

The spot selected for drilling was sterilised with a saturated

solution of coiTOsive sublimate, washed off with a solution of

hydrogen peroxide (30 vols.) or distilled water, care being

taken not to allow any of the sublimate to run between the

valves. The transplanting needle was then introduced to the

required depth, slightly withdrawn, and its charge projected

into the channel. The hole was then thoroughly dried, and

stopped with sealing-wax. If the drying is thorough the wax
will adhere after the animal has been returned to the tank.

It would, of course, have been possible to implant directly

into the muscle through the opening of the valves, but the

risks of sepsis would have been greater.

AVhen required for examination, the shell was opened by

cutting the adductor muscle at its attachment to the right or

convex valve, and a portion of the muscle containing the

implanted material removed. This was fixed by three or four

hours' immersion in Gilson's fluid, then thoroughly washed,

passed through the alcohols, cleaned in xylol, and embedded

in paraffin wax. It was then cut into serial sections eight

m thick.

Delafield's hasmatoxylin, followed b}' Yan Gieson's stain, or

Benda's iron mordant and htematoxylin were used for staining.

Besciuption of the Tissues of Pecten maximus involved-

IX THE Experiments, and the Nokmal Process of the

"Clotting" of the Blood.

The adductor muscle of Pecten maximus consists of

two portions, bound together by the same sheath of couuec-
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tive tissue, bnfc diffcriiio' in struct lire. Tlie larger, seini-trans-

parent and wliitisli, consists of striated fibres. The fibi-es of

the smaller, whicili is opaque and dead white, and lies against

the posterior sni'f;ice of the larger mass, ;ire non-striated. It

was into the larger mass that all material in our experiments

was introduced.

There is a lai-ge blood supply to the muscle from the

adductor nrtery (Dakin, 2), and it contains numerous lacunar

spaces. Scattered through it iire numerous strands of con-

nective tissue. These contain fibroblasts with deep staining

nuclei and long fibrillar processes.

The digestive gland has a tubular structure and com-

pletely surrounds the stomach, into which its ducts open.

The ducts break up into numerous alveoli, which ramify and

ultimately form creca. 'J^he ducts are lined with ciliated

epithelium, and the alveoli with secreting cells. These secre-

ting cells are said to degenerate and become filled with a

granular pigment, and are ultimately shed into the lumen of

the ducts (Dakin, 2). Thus in their younger stages they

appear to have a secretory, and in their later stages an excre-

tory function. In addition to these glandular cells, fibrous

connective tissue and unstriated muscle-fibre are present.

The ducts contain particles of food material, algae, diatoms,

and bacteria,, and consequently as a rule septic conditions

prevail in the experiments.

The blood of Pec ton maximus is a slightly cloudy,

colourless fluid. It does not coa"ulate. but when shaken a

number of small, white, floccular masses appear, which soon

fall to the bottom of the tube, leaving the supernatant (iuid

clear and transparent. These masses consist of blood-cor-

puscles agglutinated to form plasmodia.

The corpuscles, although varying in size, appear to be only

of one kind. They are amoeboid bodies, which when expanded

protrude a number of slender pseudopodia. When contracted,

they are ovoid or spherical. There is a single compact

nucleus, staining readily with methylene-blue. The cyto-

plasm is finely granular, and stains with eosin, but there are

39 §
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no lnr(?o oosinopliile (j^riuiules. Accoi-diiit^- to Cuenot (1), tlicy

on'ijinii.to in a " glando lynijilnitiquo " situated at the base of

the gills.

One of us (DicWj 4) has shown in the case of Cardiuni

norvegicuin tliat when the corpuscles come in contact with

a rou'i'h foreign body, or with injured tissue, they possess the

power of agglutinating and forming a compact plasmodial

mass. Ill this way bleeding from a small wound is stopped.

When the edges of a. wound are covered with tliis mass of

agglutinated corpuscles/ protoplasmic strands are formed

across tlie wound, connecting the plasmodia; these strands

tliicken and contract and so approximate the edges of the

wound. So far as our observations go, there is no reason to

su])j)ose that the blood of Pecten maxim us differs in any

of these particulars from that of Cardium norvegicum.

That Lamellibrancli blood-corpuscles are capable of a

phagocytic action towards degenerated cells has been shown

by De Bruyne (3) in the case of My tilus edu lis, Ostrea

edulis, Unio pictoruni, and Anodonta cygnaea. Sir

Kay Lankester (5 and 6) has shown that certain corpuscles of

Ostrea edulis have a pliagocytic action on diatoms and

minute green algfe, and it has been shown by Drew (4) that

the corpuscles of Cardium norvegicum have a phagocytic

action on bacteria, and are attracted towards extracts of dead

tissues.

The Formation of Fibrous Tissue in the Site op the

Implantation of a Mass of Gill-Tissue.

As bacteria are normally present on the gill-filaments, the

conditions when gill-tissue is implanted differ totally from

those obtaining when sterile agar is used.

The implantation soon produces an intense inflammatory

reaction on the part of the animal. The blood-spaces in the

immediate neighbourhood of the implanted tissue become

distended and crowded with corpuscles, which escape from

the lacunar spaces and migrate towards the source of irrita-
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tioiij travelling in all directions between the muscle-fibres.

On reaching the gill-tissue the corpuscles come to rest, and

form a dense, agglutinated, plasmodial mass, completely sur-

rounding and shutting off the gill-tissue from the neighbour-

ing muscle (fig. 1). They soon appear as if they had under-

gone some degree of pi-essure and the nuclei are slightly

flattened, probably owing to the contraction of the plasmodial

nuiss as it tightens round the implanted gill-tissue (Drew, 4).

In time the corpuscles show signs of degeneration ; the

nuclei become irregular in outline, and the chromatin is

represented by numerous gi^anules staining darkly with

ha3matoxylin. The degenerated mass of corpuscles is then

invaded by fresh blood-cells, and is more or less conipletely

removed, apparently partly by a process of phagocytosis and

partly by autolysis.

While this is going on, the cells of the gill-filaments have

degenerated, their outlines are ill-defined, and the nuclei no

longer discernible; the bacteria present multiply consider-

ably.

The degenerated gill-tissue is then invaded by blood-cor-

puscles which have penetrated through the surrounding mass

of agglutinated cells, and in most cases the bacteria and

epithelial debris are removed by phagocytosis, leaving only

the chitinous supporting-rods of the gills.

In the course of this pi-ocess many of the invading cells

also are destroyed, and appear in their turn to be removed by

oilier phagocytes. In time the whole space originally occupied

by the gill-tissue becomes filled with a loosely packed nuiss

ot blood-cells, among which the chitinous supporting bars are

the only relics of the original implanted mass. In many of

our experiments bacteria multiplied so rapidly that the phago-

cytes were unable to cope with them. Consequently the

bacteria invaded the neighbouring tissues, entered the blood-

spaces, and rapidly caused death.

In preparations from obviously unhealthy animals, it was

commonly found that the bacteria had penetrated beyond the

protecting mass of agglutinated cells and had invaded the
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musculiir tissiit^, whicli sliowed signs of degeneration in its

soinewliiit swollen fibres and faint striation.

When a blood-space had been entered, bacteria were often

seen ingested by the blood-coi-pnscles, but in later stages it

was obvious that tlie number oF bacteria was so out of pro-

portion to the number of corpuscles that they could not all

be removed by phagocytosis, and were of necessity distributed

all over the body in the blood-stream.

During these processes the fibroblasts in the walls of the

blood-spaces, and in the intermuscular connective tissue in the

neighbourhcod of the implanted mass, undergo rapid division.

This rapid division, resulting from the i-eaction of the tissues

to the irritation caused by implantation, appears to be always

amitotic. Mitotic division was onlv observed in much later

stages, when the source of irritation had been removed by

phagocytosis, and the rate of division of the fibroblasts was

much slower.

Before amitotic division the fibroblasts lose their spindle

shape and become oval ; a split then appears at one emi, and

progresses in the plane of the long axis of the nucleus until

two daughter nuclei are formed, attached to each other at one

extremity, and inclined at an acute angle to one another.

These gradually straighten out until they form an hour-glass-

shaped mass of nuclear material. Finally the two nuclei are

separated at the constriction and become almost cii-cular in

shape.

As a result of this active multi})lication of the fibroblasts,

the strands of connective tissue bounding the blood-spaces

and forming the intermuscular connective tissue become

crowded with nuclei. The bodies of the fibroblast cells

become very indistinct, and little beyond rows of elongated

nuclei is discernible. As the multiplication becomes more

rapid the typical spindle shape of the nuclei is lost, and they

become first oval and finally circular.

There appears to be a constant migration of these cells

with round and oval nuclei, towards the site of implantation.

They have very little cytoplasm, and from this, and their
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sniiiller size, iire easily (listinguislied fi-oin the blood-corpuscles

(fig-s. 2 and 3). These fibroblasts largely follow the course of

the strands of fibrous tissue bounding the blood-spaces, and

they a]ipear to travel along in the spaces, being most plentiful

near the walls. At the same time, when they multiply very

rapidly, many migrate in all directions between the muscular

fibres towards the implanted tissue, and are not confined to

travelling only in the proximity of pre-existing connective-

tissue strands.

Onreachingthe degeueratinglayerof agglutinated corpuscles

surrounding the implanted tissue, they arrange themselves in

rows, and their nuclei elongate in such a direction that their

long axes form arcs of a circle surrounding the implanted

tissue. Some fibroblasts penetrate among the degenerating

cells of the gill-tissue, which are being removed by phago-

cytes, and in this position start the formation of fibrous

tissue.

The surrounding layer of fibroblasts gradually thickens,

and presents a somewhat stratified appearance. At first this

layer contains a number of blood-corpuscles, but these even-

tually are removed, probably by autolysis, leaving only the

fibroblasts, which can now be seen to be connected with each

other by numerous fine processes of the cytoplasm, the whole

presenting a somewhat reticulated appearance. In time this

tissue becomes more compact, and the reticulation vanishes.

It would appear that this has been caused by the conti'action

of the processes of the fibroblasts, with consequent approxi-

mation of the cells. Finally, the nuclei become long and

spindle-shaped, the amount of cytoplasm slightly increases,

and a layer i-esembling normal fibrous tissue results.

In our experiments the great variation in the rapidity with

which the various changes described took place was very

noticeable. The health of the animal after the experiment

seems an important factor in accounting for this, for the slow

rate of fibrous tissue formation in unhealthy, as compared

with healthy animals, was very marked.

Unfortunately none of the animals into which gill-tissue
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was iiii|)l;uit.(j(l lived lono- ciioii<^li lor ;i,il the elements (A tlie

gill-tissue to bo completely replaced by libi-(jus tissue, hiiL in

healthy specimens most ol the signs ol inflammation liad

vanished, and the implanted tissue was surrounded by a wall

of apparently hcjilthy fibrous tissue, in foui- or five dnys.

Formation of Fibrous Tissuk around 'jiie sitk of implanted

Digestive Gland Cells.

After the im})lantation of portions of the digestive gland,

;i, nnirked degeneration of the muscular fibres in its neigh-

bourhood is noticeable. They swell slightly, all trace of

striation is soon lost, and they stain less intensely. The area

of degeneration gradually extends, and the muscular fibres

ill the immediate neighbourhood of the gland tissue are slowly

dissolved. This action is presumably due to the presence of

ferments in the digestive gland, which digest and render

soluble all tissues in the immediate neiirhbourliood. At the

same time the cells of the gland itself degenerate and appear

to undergo auto-digestion, so that eventually only the brown

pigment-granules originally contained within the secreting

cells remain. Undei- these conditions bacteria do not seem

to multiply, though they must have access to the cajca of the

digestive gland, as these are in direct communication with

the alimentary canal. In none of our sections have we been

able to find bacterici, though it is quite common to find the

siliceous skeletons of diatoms in the cieca. It seems, there-

fore, probable that the presence of digestive ferments inhibits

the multiplication of bacteria.

As a result of the implantation of this tissue a condition

of intense inflammation is set up, and all the blood-spaces in

the neighbourhood become distended with blood-corpuscles.

There appears to be an endeavour on the part of the orga-

nism to shut off all the implanted gland, together Avith the

area of muscular tissue which has undergone degeneration,

from the general blood-stream. This is effected by the

formation of a layer of agglutinated blood-corpuscles around
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tlie whole of the affected area (fief. 4). It was vei-y notice-

able in our preparations that the degenerated area was

always larger in specimens that had heeii implanted with the

digestive gland for some time (up to six days), than in those

implanted for shorter periods^ and thus it would seem that

the range of action of the digestive ferments gradually

increases. The degenerated area was always found sur-

rounded by a layer of agglutinated corpuscles^ though in

different specimens this la3^er varied considerably in thickness.

It would seem that while the degenerative process is spread-

ing the layei'S of corpuscles must be continually dissolved,

and others formed a little further back by the spread of the

digestive ferments. During this process the fibroblasts

undergo division as in the case of the gill-tissue, but while

the inflammation is nnich more acute, the multiplication of

fibroblasts is not so rapid, and they are not nearly so notice-

able a feature in the sections. In the form of rounded cells,

with oval or spherical nuclei, they migrate in small numbers

towards the layer of agglutinated blood-corpuscles. Here

they share the fate of the corpuscles, being dissolved by the

digestive ferments, and accordingly there is no formation of

fibrous tissue.

We were never able to keep the animals alive for more

than six days. At the end of this time all that remained of

the digestive gland was the brown pigment-granules and a

little epithelial debris. This was surrounded by a space

from which most of the muscular tissue had been dissolved,

and this again by a relatively large area of degenerated

muscle-fibres. Finally, the whole was surrounded by a layer

of agglutinated blood-corpuscles, into which a few fibro-

blasts were making their way.

These experiments show that the protective layer of cor-

puscles must very completely shut off the space it encloses from

the neighbouring tissue. If this were not the case the digestive

ferments, once they had gained access to the blood, would

rapidly become disseminated over the whole body. Instead

of this, we have distinct evidence that there is a slow and
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steatly invasion of tlic tissues l>y the leriiu'iits, iind tliat tlie

area, of tlioir action is always contained vvitliin a protective

layer of ao'g'liitiiiated hlood-coi-puscles. It seems pi-oljable

that the di<^estive ohuul, when implanted, contains little or

no free enzyme, and (jiiickly becomes surrounded by the

protective layer oF corpuscles, and that later the enzymes

are slowly evolved from the zymogens contained within the

cell. The vitality of these cells has been iin])aii-i'd by I'cmoval

from their normal connections and by implantation into the

muscle tissue, and accoi-dingly they are dissolved l)y the

enzymes they have themselves evolved.

TlIR KEACTroN oi' THK TlSSUKS TO IMPLANTED AgAR JkLLY.

Sterile agar jelly has no irritative action on the muscle,

and so differs From the tissues pi-eviously described.

Agar jelly may l)e regarded as a physiologically inert

substance, and as in these experiments it was made from sea-

water in which the Pecten were living, it was approximately

of the same salinity as their blood (Dakin, 2), and so was of

the same osmotic concentration. Further, the cylindrical

rods of agar are remarkably smooth, and if unbroken present

no rough surface, except possibly at the extremities.

One of us (Drew, 4) has shown that in the case of

Cardium norvegicujn, the agglutination of the blood-

corpuscles (m vitro) is much iuHuenced by the nature of tlu;

substance on which they impinge, and that it occurs very

much more readily when they come in contact with a rough

surface from which a large number of small points may be

itnagined to project, than when they impinge on a smooth,

polished body. It seems probable that similar conditions

obtain in the case of the blood of Pecten maximus.
In accordance with these properties of the agar jelly, it

was found that absolutely no inflammation resulted from its

implantation in the muscle. No layer of agglutinated

corpuscles was formed round it, and there was no sign of the

collection of unusual numbers of the corpuscles in the
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vicinity, uor of any distension of the blood-spaces. The fact

that the vod ol: jelly was always itnplanted as fai* as possible

parallel to the long axes of the muscle-fibres, and that they

were usually rather separated from each othei', than cut by

the insertion of the transplanting needle, probably contributed

towards this result.

After a period of about seven to eight days there were

signs of division of the fibroblasts in the neighbourhood of

the implauted mass, and a slow migration of the new-formed

cells towards the agar took place. By about the tenth diiy

these cells had arranged themselves so as to form a tliin and

delicate ensheathing layer. The process presents marked

differences from that which occurs after the implantation of

a substance which causes an inflammatory reaction, with the

consequent development of a protecting layer of agglutinated

corpuscles. The division of the fibroblasts, instead of being-

rapid and amitotic, is comparatively slow, and frequently,

though not always, mitotic. The nuclei of the young fibro-

blasts retain their elongated shape, and though the nuclei of

the dividing cells lose their typical spindle-like appearance

and become oval, they do not become round, as in the case of

rapid division after inflammation. The layer of fibrous tissue

formed is thinner and less compact, the proportion of cyto-

plasm to nucleoplasm is greater, and the nuclei assume their

typical spindle shape more rapidly. The process seems to be

complete by the tenth day, and the appearance is almost

identical with that showji in fig. 5, which represents the

condition after seventeen days.

In some of our experiments the sealing-wax with which the

drill holes were closed became detached in the tank. The

holes were re-sealed as soon as this was noticed, but the

animals seldom survived long. On sectioning, an area of

inflammation was usually found surrounding the agar, and

rapid division of the fibroblasts in the vicinity was in pro-

gress. In specimens that survived longer a complete sheath

of fibrous tissue had formed round the agar, and the con-

dition resembled that resulting from implantation of gill-



COS (i. Jl. |.|;i':\V AND W. DM MORGAN.

tissue. It seems that iu these cases bacteria must have
entered througli the drill-hole, and, travelling- between the
agar and muscle, have caused an intliiiniiiatury reaction. In
one other case, in which the hole had not come unsealed, in-

flammation and formation of fibrous tissue occurred, but as
this only took place once out of twenty-six implantations made
with sterile agar, it is probable either that the sealing-wax
plug leaked at the edges or that bacteria found their way in

when the agar Avas introduced.

Summary ov Results.

Our experiments show that the implantation of a tissue,

such as that forming the gills, accompanied by the bacteria

which adhere to it, produces an intense inflammatory reaction.

This is characterised by the active migration of blood-

corpuscles, which form a plasmodial mass around the im-

planted tissue, shutting it off from the general circulation.

This protective layer is gradually removed by phagocytosis
and autolysis, and at the same time the gill-tissue is invaded
and removed by phagocytes. While this is going on, rapid

amitotic division of the fibroblasts in the neijflibourhood

occurs
; they lose the typical spindle-shape of the nuclei, and

the new-formed cells consist of rounded or oval nuclei, with a

scarcely perceptible amount of cytoplasm. These rounded
cells migrate towards the implanted tissue, and arrange

themselves in layers around it, the nuclei become elongated,

and the proportion of cytoplasm increases. Finally, a layer of

typical "scar " fibrous tissue is formed, enclosing the chitinous

skeletons of the gill-bars.

In the case of the implantation of digestive gland tissue a

similar protective layer of agglutinated corpuscles is formed,

but this is continually dissolved up and reformed, as the

sphere of action of the enzymes in the cells of the digestive

gland extends. All the muscle-fibres within this protective

layer soon lose their striation, swell, and are partially dis-

solved, presumably by the digestive enzymes. The fact that
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there is a progressive extensiou of tliis digestive tictiou shows

that the hiyer of agglutinated corpuscles performs its pi'O-

tective function very completely^ as otherwise the enzymes

would escape into the general circulation. Simultaneously

the fibroblasts in the vicinity multiply and migrate, as in the

case of implanted gill-tissue, but the multiplication does not

seem to be so rapid. No permanent layer of fibrous tissue is

formed, as the migrated fibroblasts are dissolved in the course

of the extension of the sphere of action of the digestive

ferments.

In the case of the implantation of sterile agar jelly, made
with sea-water, no inflammation results, and for some time

there is no sign of any reaction of: the tissues if absolute

asepsis has been ensured. After seven or eight days there

is a slow and often mitotic division of the neighbouring fibro-

blasts ; they migrate and rearrange themselves to form a

thin layer of fibrous tissue around the agar.

It is noteworthy that though the tissues and the blood,

especially in its manner of forming a " clot," present marked

differences from those in Vertebrates, yet the formation of

fibrous tissue^ as a reaction to injury, does not differ in any

essentials from the process which takes place in the higher

types.
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DESClUPTiON OF J'LATE 24,

inustratiiig tlio ])a])ci- by Messrs. (i. JJ. Drew and W. de

Morgan on " The Origin and Formation <.f Fibrous

Tissue produced us a lieaction to Injury in Pecten

maxim us, as a type of the Lamellibrancliiatu."

Rkfekknce Letteks.

ncj. Agar. t((jff.lyr. Ag-liiliiiiitcd layer of 1.loud-corpuscles. h.c.

Bl..o(l-cori)uscle.s". dcy.ffill. Dcgciieralea oiU-tissue. ch,/. m><l. Degene-

va led muscle. di,j.ijl. Digestive gland-tissue, div.fbl. Dividing fibro-

blasts, //y/. ?;/>•. Fibroblast layer. mi<j. fhl. Migrating fibroblasts.

msl. -fhr. Muscle-fibres.

[N.B.—In the figures the bundles of nuiscle-fibres are shown as a

whole: the individual fibrils and their striations are not dilt'ereiitiated.

Tlie size of the uiuscle-buud](>s differs considerably in different parts of

the adductor muscle, j

Fig. 1.— X too. Gill-tissue which has been implanted for sixteen

hours. A layer of agglutinated corpuscles divides the degenerated gill-

tissue on the left from the niusciUar tissue on the right. Corpuscles

are making their way l)etweeu the muscle-filn-es to join the agglutinated

layer.

Fig. 2.— X 30(». A later stage of fig. 1. taken seventy-two hours after

implantation. A definite layer of fibrous tissue has been formed round

the gill-tissue, which is completely degenerated and invaded by phago-

cytes. The fibroblasts are dividing and migrating towards the lesion.

Pi,r. :5.— X 700. A more highly magnified portion of one of the

blood-spaces drawn from the same section as fig. 2. The fil.roblasts

are undergoing amitotic division, and migrating towards the gill-tissue,

where they arrange themselves to form a layer of fibrous tissue.

Fig. 4.— X 450. Digestive gland-cells (on the left) which have been

implanted for ninety-six hours. External to them is a region of

degenerated and partially dissolved muscle-fil'res. which is divided from

the normal muscle by a thin layer of agglutinated corpuscles. These

are also rapidly degenerating, but are reinforced l)y the continued

arrival of fresh corpuscles. The cellular structure of the alveoli of the

di«'-estive eland has been lost, leaving little beyond traces of the original

cell walls and the brown pigment-granules.

yi„. .5.— X 450. Agar jelly (to the left) which has been implanted

for seventeen days. It is divided from the muscle-tissue by a deUcate

layer of fibroblasts.
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The Division of the Collar-Cells of Clathrina
coriacea (Montagu): A Contribution to the
Theory of the Centrosome and Blepharo-
plast.

By

ITIiiriel ICobei'tsoii, i?I.A., aucl £. A. Miiicliin, M.A.

With Plates 25 and 26.

Introductory.

-^ At the present time there is a great deal of confusion in the

use of the words " blepharoplast " and " centrosome." Two
distinct questions arise with regard to the significance of these

bodies; the first is the question of the homology of blepharo-

plasts and centrosomes; the second is that of the nature of the

centrosome, and more particularly whether or not it is to be

regarded as equivalent primarily to a nucleus.

With regard to the first of these questions, it is now
generally admitted that blepharoplasts and centrosomes are

essentially bodies of the same nature, for reasons that will

presently be considered at greater length. The difference

between a centrosome and a blepharoplast, on this view, is

entirely a matter of divergence of function. A centrosome

may be briefly characterised, in a general way, as a body
which exerts or governs kinetic functions in relation to the

division of the nucleus; a blepharoplast may be defined as

a centrosome which governs the movements of motile

organs, such as flagella, which arise from it and are in

direct or indirect connection with it.

With regard to the second of these questions^ namely, the

nature of the centrosome, two opposite views are current,
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which may be summarised as follows : (1) The centrosome

is to be regarded ns primnrily a body of achi-omatic^ nature,

elaborated and evolved, in all probability, in the nucleus

or in connection with it, but not itself equivalent to a

nucleus; (2) the centrosome is regarded as the equivalent

of a nucleus, and as representing primarily a nucleus which

has become modified and specialised both in function and

structure. These two theories may be termed conveniently

the achromatic and the nuclear theory of the centrosome

respectively. According to the second of these views, which

has recently been revived and advocated by Hai-tmann and

Prowazek (6), every cell is to be regarded as primarily and

essentially binucleate ; the two nuclei, at first, doubtless,

equivalent and similar in all respects, became modified in two

directions respectively, the one becoming specialised for

trophic, the other for kinetic functions, with coiresponding

differentiation of structure. In the metazoan cell, according

to this theory, the nucleus represents the original trophic

nucleus deprived of all kinetic structures, while the centro-

some represents the kinetic nucleus deprived of all " vegeta-

tive " functions and of its chromatic apparatus. On this

interpretation of the centrosome, the minute granules which

are the centre of kinetic functions are termed "centrioles," in

order to distinguish them from the centrosomes as a whole.

In fact, from the point of view of the nuclear theory of the

centrosome, the centriole requires to be defined in exactly the

same waj' as the centrosome itself on the achromatic theory.

The confusion produced by these two theories of the cen-

trosome reaches its height in the nomenclature of the different

parts of the body of a trypanosome. In these organisms, and

in allied genera of flagellates, there are three distincts parts

of the nuclear apparatus to be reckoned with. First, there
^ Meaniug by tlie term '" achromatic " something which is not com-

posed of chromatin, not necessarily something -which is not coloiired

by stains. All is not chromatin that stains, even with a so-called

nuclear stain. In our opinion a great deal of error and misconception

has arisen by identifying as '" chromatin " all bodies in the cell that are

coloured black, for instance, by the iron-hseniatoxylin method.
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is a cliromatic body, which may be denoted temporarily by
the symbol N, situated usually in or near the middle of the

cell-body, aud in no special connection with the flagellar

appai-atus. Secondly, there is a second chromatic body,

which may be denoted by the symbol n, distinctly con-

nected with the flagellum or flagella, when they are present,

and apparently kinetic in function. lu the genera Try-
panosoma, Herpetoraonas, Leishmania, and Cri-

thidia, N is always much larger than n, but in Trypano-
plasma the reverse may be the case. Finally, the flagella

arise, probably in all cases, from basal granules, which are

often very minute and exhibit staining reactions quite

diffei'ent from either N or n.

According to the nucleai- theory of the centrosome advo-

cated by Hartmann and Prowazek, these three parts of the

trypanosome body are to be interpreted and named as

follows : N is the trophic nucleus, while n represents the

second nucleus of kinetic function, in other words, the cen-

trosome, which, since it controls the activities of the flagellar

apparatus, is to be termed a blepharoplast. The basal granule

is a mere thickening of the proximal end of the flagellum, of

no special significance, or at most representing a centriole.

Thus a trypanosome would represent the ideal binucleate cell

of Hartmann and Prowazek in a very primitive state.

An interpretation of the trypanosome body, quite different

to that of Hartmann and Prowazek, has been advocated by
one of us (12), which may be briefly stated as follows: iVis

a trophic nucleus, which contains its own centrosome or

division-centre in itself; n is a distinct kinetic nucleus, a

specialisation of the nuclear apparatus for a particular func-

tion ; it has nothing to do with a true centrosome, though it

may, like the trophic nucleus, contain a body of this kind, nor

is it to be regarded as a blepharoplast, a body which is repre-

sented by the basal granule of the flagellum.^

' It is not our purpose here to summarise the various views that

have been put forward with regard to the morphological interpretation

of the trypanosome-body, but only to select two which show in sharp
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In consequence of these divergent theories and interpreta-

tions, a great confusion in nomenclature has arisen, especially

with repard to n, which is always termed the Ijlepharoplast

in German works, the cetitrosome in French works, and in

this country is sometimes named the micronncleus, but more

usually the kinetonucleus.

In Flagellata other than the trypanosomes and their allies

there is usually only oue structural element other thyn the

principal nucleus {N) to be reckoned with in the nuclear

apparatus, namely, a deeply staining grain or set of grains,

from Avhicli the flagellum or Hagelia take origin, and to

which the name " blepharoplast," or the synonymous term
" diplosome," ^ is commonly applied. The question at once

arises. How is the arrangement seen in a trypanosome to be

compared to that of other flagellates, and to which element

in the nuclear complex of a trypanosome should the blepharo-

plast of an ordinary simple flagellate be compared ? Does it

represent the basal granule (true blepharoplast, on our view)

or the kineto-nucleus {n) ? In our opinion, the bodies in

question are true blepharoplasts, comparable to the basal

granules of the flagella of trypanosomes, and the kineto-

nucleus or German blepharoplast of the trypanosomes and

their allies is a nuclear body peculiar to them, and not

found in ordinary flagellates. To this extent, at least, we

are in agreement with the idea expressed by Hartmann,

who has placed the trj^panosomes and forms regarded as

contrast opposed views with regard to the nature of the blepharoplast

and the proper application of this word. Thus Laveran and Mesuil in

their well-known work on trypanosomes use the term "centrosome" for

n ; so also Moore and Breinl, who contrast the extra-nuclear centrosome

(») with the intra-nuclear centrosome (karyosome of N).

1 • The term " diplosome," meaning literally and etymologically a

double body, is commonly applied, by an abuse of language, to the

single grain from which a flagellum arises. It should, of coui-se, be

used only for those cases where twin granixles give origin to two or

more flagella, that is to say it should not be regarded as synonymous

with ]:)lepharoplast or basal granule, but as implying a condition in

which such bodies are doubled.
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allied to them in a separate order of Flageilata termed the

Binucleata. (The question as to whether or not the Hsemo-

sporidia should be inchaded in the Binucleata is one which, in

the present memoir, we do not wish to raise or discuss.) A
trypanosonie is, in our opinion, a binucleate organism,

possessing- a ti'ophic nucleus (N), a kinetic nucleus (?i), and

a blepharoplast (basal granule).

In order to settle these disputed points, more knowledge is

required regarding nuclear and other structui-es connected

with the locomotor apparatus in other organisins, and in the

hope of throwing some light on these questions we have

studied the division of the collar-cells of a calcareous sponge,

of which preserved material was in the possession of on« of

us. A collar-cell, although occurring as tissue-element of a

Metazoan organism, is essentially a flagellate organism, com-

parable in every way with an individual of the Choano-flagel-

lata. It has recently been pointed out by one of us (13)

that there are two types of collar-cells in calcareous sponges.

In one type, characteristic of the family Clathrinidte,

amongst Ascons, the nucleus lies at the base of the cell, far

removed from the origin of the flagellum, which arises from a

distinct basal granule or blepharoplast situated at the apex of

the cell. In the other type, characteristic of the Leucoso-

leniidse ainongst Ascons, and of the Heterocoela generally,

the flagellum arises directly from the pear-shaped nucleus,

which is usually situated in the upper part of the cell, close

to the point at which the flagellum emerges from the body of

the cell. These two diiferences in arrangement are also

paralleled amongst free-living Flagellates, for instance

amongst the two genera of Mastigamoebse described by

Goldschmidt (4), and there can be no doubt that the con-

ditions are perfectly comparable in the two cases-—that is to

say, that when the flagellum arises from a basal granule

distinct from the nucleus, the basal granules are homologous

structures. As the result of our investigations we have ob-

tained, as will be apparent in the sequel, evidence of a most

convincing kind as to the identical nature of centrosomes and
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blepharoplasts ; but before proceeding to the detailed account

of our observations it will be useful to give a brief resume
of previous work on this subject. For this we have relied

chiefly on the excellent summaries given by Wilson (20) and

Erhard (3).

The most convincing and abundant evidence of the identical

nature of blepharoplasts and centrosomes has come from the

study of spermatogenesis in animals and plants. These re-

searches have been summarised by Wilson and Erhard, and

it will be suflficient here to refer specially to the memoirs of

Henneguy (7) on the spermatogenesis of Borabyx mori, etc.,

and of Belajeft"(l) on that of Gy mnogramme and Marsilia

spp. Henneguy found, as we have done, the blepharoplast

(in this case a diplosome in the true sense of the word)

acting as a centrosome in the mitosis while still preserving its

function as a blepharoplast. Similarly Belajeff found that

the body which acted as a centrosome in the mitosis became

subsequently the blepharoplast.

In the case of tissue-cells other than spermatocytes in

Metazoa, the relation of Hagella and cilia to bodies of cen-

trosomic nature has been studied by Joseph (9a), in whose
memoir will be found verv full references to the work of

others. Joseph's researches have led him to support very

definitely the theory of Lenhossek and Henneguy, according

to which the basal corpuscles of the cilia arise from the cen-

trosome; and in his conclusions he states (I.e., p. 71) : "Viele,

vielleicht alle eingeisseligeu Zellen sind Centralgeisselzellen,

d. h. ihr Geisselfaden steht in Verbindung mit dem Cen-

trosom." Erhard (3) has reviewed the whole question in the

light of renewed investigations, and comes to the following

conclusions: "DasDiplosom in Flimmerzellen als Teilungs-

organ wirkt, alsoein echtes Centrosom darstellt. . . . Die

ausserordentliche Seltenheit von Mitosen in Flimmerzellen

darauf schliessen lasst, dass die Diplosomen in allgemeinen

eine andve Rolle als die der Teilung auszufiillen haben.

Zwischeu Basalkorpern und Centrosomen keinerlei

Beziehungen bestehen . . . die Basalkorpern an der
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Teiluny: dev Metazoenflimmei-zelleu keiuerlei aktiveu Anteil

nehraeu, so kaiin fur diese Zellen die Heuneguy-Leiilios-

seksche Theorie niclit mehr aufrechterhalten vverden." Thus

while maintaining- tlie centrosomic nature of the diplosome,

Erhard denies it for the basal gi-auules of the cilia in ciliated

cells.

As regards the basal granules of the flagella in Protozoa,

evidence bearing on their nature is scanty to a disappointing

degree. The majority of investigators appear to ignore these

bodies. Schaudinn (17) found in Paramoeba the " Neben-

korper " acting as a centrosome in the mitosis; the tlagella

of the swartn-spore appear to arise quite independently of the

Nebenkorper, a body which, from Schaudinn's investigations,

gives the impression of being rather of the nature of a kineto-

nucleus than of a centrosome (pace Hartmann and Prowazek),

and which very probably contains its own centrosome (or

centriole), which acts also as the centrosome of the principal

nucleus in tlie mitosis. Prowazek (15) points out that the

flagellum of Flagellata may arise within the nucleus (" Kern-

endogener Ursprung" ) or outside it ; in the latter case the

flagellum may terminate in a "diplosome/' which again may

be quite free from the nucleus (as in the collar-cells studied

by us) or niay be connected with the nucleus by a " rhizo-

plast." In the nuclear division of Entosiphon, Prowazek

(16) found a " basalkorperartige Verdickung" at the origin

of each flagellum, and from this body a rhizoplast passing

back to the nucleus. At the division of the nucleus a " Centro-

nukleolusspindel" is formed. The basal granules do not

appear to influence the division of the nucleus in any way;

they divide, and two new flagella grow out from each pair.

In his famous investigations on the trypanosome of the

little owl, Schaudinn (18) gives the following account of the

origin of the flagellar apparatus. The nucleus of the ookinete

contains a karyosome in which a "central grain" is surrounded

by eight chromosomes. By heteropolar division the single

nucleus divides into a larger nucleus, the trophic nucleus, and

a smaller, the kinetonucleus (" blepharoplast "). The kineto-
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nucleus is "a complete nucleus with centrosome and eiglit

chromosomes, not merely a centrosome, karyosome, nucleolus,

or a simple ectoplasmic thickening.'' (The contrast drawn

between a nucleus and a centrosome in this sentence is

instructive.) The kinetonucleus then divides by another

lieteropolar mitosis and gives rise to a third nucleus, the

smallest of the three ; this third nucleus forms a nuclear

spindle composed of eight mantle-fibres and a ''central

spindle " or centrodesmose connecting the two centrosomes

situated at the two poles of the spindle. The central spindle

becomes the flagellum and the eight mantle-fibres the eight

myouemes. By growth and elongation of the flagellum and

myonemes, one centrosome is carried out at the tip of the

flagellum, while the other remains as its basal granule. Frotn

these statements of Schaudinn, it may at least be said without

expressing any opinion as to the accuracy of the details in

the development described by him that he regarded the basal

granule of the flagellum as a centrosome, and that he dis-

tinguished clearly between a centrosome and a nucleus, and

in particular between the kinetonucleus and the centrosomic

body from which the flagellum arises, although he used, in

our opinion quite wrongly, the term "blepharoplast" to denote

the kinetonucleus, instead of apph'ingit to the basal granule

of the flagellum. This mistake, as Ave consider it, in

Schaudinn's terminolog}' is the more remarkable, since he

seems to have understood so clearly the true centrosomic

nature of the basal granule of the flagelluni, and to have

realised its existence independent of the kinetic nucleus.

The most important contribution to the question of the

blepharoplast in the Protozoa is the memoir of Jahn (8) on

the swarm-spoi'es of one of the Mycetozoa, Stemonitis

flaccida. He finds that at division the centrosomes at the

poles of the nuclear spindle give rise to the daughter-flagella

while still actually engaged in their centrosomic functions ;

a state of things entirely parallel to that which we have found

in the collar-cells we have studied.

Hamburger (5) found in D una Hell a the paii'ed flagella
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arising" from a basal granule which is connected Avith the

nucleus. At division the basal granules divide and each

gives off two flagella ; though they do not appear to control

the division of the nucleus in any way, nevertheless each basal

granule is connected with the dividing nucleus by two streaks,

giving an appearance very similar to that figured by us on

Plate 25, figs. 4 and 5. (Jahn also figures a very similar

condition.) Dobell (2), in his investigations on Tricho-

monas, etc., appears to support a view similar to our own.

Lastly, Yamamoto (21), who has studied the locomotor

apparatus of various organisms by methods which seem to us

unduly violent and severe, describes the flagellum of a trypa-

nosome as arising from a basal granule ("^ proximal centriole")

;

liis statements, in matters of fact, simply confirm those of

Schaudinn.^

Observations on the Division of the Collar- cells.^

The material on which this work was done consists of a

number of specimens of Clathrina coriacea preserved by

one of us at Roscoff, and embedded in paraffin at the time.

1 Yamamoto states that he has obtained preparations of trypanosomes

(sj)ecies not stated) showing myonenie fibrillse, of which he states I

deny the existence. This is a glaring misstatement on his part, seeing

that I have described and figured tlie myonemes of Trypanosoma
percte and T. granulosum in full detail (vide ' Proc. Zool. Soc.

Lond.; 1909. pi. v, figs. 84. 96. 97).—E. A. M.
- I greatly regret that in my account of the Sponges in Lankester's

• Treatise on Zoology ' (Part II, 1900, p. 56) I gave an entirely erroneous

account of the division of the collar-cells of Clathrina coriacea,

stating that after division of tlie nucleus the cell divides transversely

to its long axis, and then the basal portion forms a new collar and

flagellum. I have re-examined the figures and preparations on which

these statements were founded, and see that I was misled by sections

passing obliquely through the epithelium, so that the top part of a

dividing cell, with the nucleus at the apex, appeared superposed on the

base of an ordinary cell, with its nucleus in the usual position. The

account given in the present memoir will show clearly the error of my
former statements.—E. A. M.
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Most of the si^onges were preserved in osmic acid followed by

picrocarmine, a good method for showing clearly the cyto-

plasmic structures, especially the collar and flagellum, but

not suitable for demonstrating the finer details of the nuclear

apparatus. Some of the material, however, had been pre-

served in Hermann's fluid, and it is on this that we base the

results set forth in this memoir. Sections cut from sponges

preserved in this way were stained with various stains, more
particularly by Heidenhain's iron-hiematoxylin method, and

counter-stained with eosin or Lichtgriin, the latter being

found to be of great assistance in making out the details of

the collar and Hagelluui, since these parts are tinged by it.

(1) The Re sting Collar-cell.—In Clathrina coriacea,

as in all sponges of the family Clathrinidae, the nucleus lies

invariably, in the ordinary "vegetative" or resting conflition,

at the base of the columnar collar-cell, that is to say, at the end

which is furthest from the collar and flagellum. At the apex

of the cell, in the centre of the area enclosed by the base of

the collar, lies a minute granule—the blephai'oplast—from

which the flagellum takes origin. These structures, no less

than the general form of the collar cell and its position in the

epithelium, of which it forms a part, give a definite orienta-

tion to the cell ; any direction parallel to an imaginary axis

continuing that of the flagellum and passing tiirough the

blepharoplast and nucleus may be termed vertical, while any

plane at right angles to the vertical axis may be termed

horizontal. ^y
The form of the collar-cell and the dimensions of their

different pai-ts vary considerably with tiie condition of the

sponge, whether expanded or conti*acted, and may be different

also in different parts of the same sponge. In specimens in

which the pores are fully open, and in which all appearances

indicate that the collar-cells are in full functional activity,

the bodies of the cells are fairly broad, aud about 12-13 ju

in height by 5-6 n in bi-eadth ; the collar reaches a length of

10-11 fx, and the flagellum some 25-27 ju- When, on the other

hand, the pores are closed up and the sponge is partially con-
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tracted, tlie collar-cells become taller and narrower and the

collar much shorter. In each cell the basal three fourths of

the body is broader and more or less cylindrical in shape
;

this part of the cell is in contact with the neighbouring cells,

and constitutes the main body of the cell. We have not found

processes connecting the bodies of the cells with one another.

It has been shown by Minchin and Reid (14) that when the

collar-cells are carefully brushed away and the wall of the

sponge is stained with picro-nigrosin, a delicate blue-stained

network is visible in surface view, representing a honeycomb-

like structure, the spaces in which were originally occupied

by the bodies of the collar-cells. Hence in life the bodies of

the collai"-cells are probably not in actual contact, but are

separated by a delicate extension of the gelatinous ground-

substance of the body-wall of the sponge. If, as would seem

probable on theoretical grounds, the bodies of the collar-cells

are connected across this intervening substance by proto-

plasmic fibrils, such connections have escaped our notice,

possibly on account of their being of extreme tenuity and

requiring, perhaps, other methods of technique, in order to

demonstrate their existence, than those employed by us for

the study of the mitosis. It is well known that in other

sponges the collar-cells may be connected by protoplasmic

processes, as, for instance, in Hexactinellids, where such

processes are extremely obvious, forming the so-called

mem br ana reticularis.

The cylindrical basal portion of the cell ends in a distinct

rim or flange, and from this level arises a narrower portion,

which may be termed the " neck," and which is quite free

from any contact with neighbouring cells. The summit of

the neck is rounded off, formingf a convex lens-like area

enclosed by the base of the collai-, and giving off centrally

the flagellum. The so-called collar has more the form of a

cuff or sleeve when fully expanded. It is distinctly thicker

and more rigid in its basal portion, becoming very delicate at

its distal end, which is usually more or less shrunk and dis-

torted in preparations. The uppermost limit of the collar is
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often very difficult to make out. It is best preserved in the

osmic-picrocarmine preparations ; after Hermann's fluid it

appears collapsed and shrunk or frayed out. A short way
above its origin the collar usually shows a distinct thickening,

visible as a horizontal hoop-like structure, especially when
tlie collar is a little contracted ; when it is expanded to its

fullest extent the lioop is difficult to make out as a horizontal

line, but its presence is marked by the fact that all the part

of the collar below it stands out stiff and firm, and is not

creased and folded like the part above. It is evident from

the appearances seen both in the i-esting and the dividing

cell that the collar for about 2 /x from its origin is thickened

and strengthened as compared with its distal portion.

The nucleus of the collar-cell is about 5 /i in diameter and

more or less spherical in form, sometimes slightl}' flattened in

the vertical direction. The most conspicuous element in its

structural composition is a large grain, which stains deeply

with iron-h{i3inatox3'lin, and appears to be of the nature of a

karyosome. This structure is always present, and sometimes

double (figs. 1 c, 3, 7). The karysome is sometimes lodged

in a clear space (fig. 30, d, e,f) ; its position in the nucleus

varies. The remainder of the nuclear contents appear granular,

but in thin sections of the nucleus a fine network can be made
out (tigs, 30, e, /, r/), in the nodes of which the granules of

chromatin are lodged. These granules vary very much in

different nuclei in the same preparation, being sometimes so

fine as to be scarcely visible individually, while in other

nuclei they are coarse and irregular in size and shape (figs.

30 and 30, a, b, c). All transitions can be found between the

finely and the coarsely granular condition, but the two

extremes form two • well-marked types, which may be

characterised as the light and the dark type respectively.

It is worthy of note that nuclei of cells about to divide are

always of the light type, as will be pointed out in the next

section.

The above description of the nuclei refers to preparations

stained with iron-hasmatoxj'liu. In material preserved and
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stained by the osmic-picrocarmine method the nuclear

structure is not shown at all as a rule, but the nucleus simply

stains evenly pink. Sometimes the karyosome can just be

made out, sometimes not. A peculiar feature of the prepara-

tions is that the red. stain often does not extend up to the

nuclear membrane ; the stained portion forms a mass lying in

the centre of the nucleus, and between this stained mass and

the nuclear membrane a clear space remains, which can often

be seen to be traversed by delicate radiating lines, as if fine

filaments started from the membrane to support the central

stained mass. Comparison with nuclei stained with iron-

hsematoxylin shows in many of the latter a distinct alveolar

border to the linin-framework ; sometimes the alveolar

border is relatively very broad (fig. 36 e), and shows the

radiating partitions of the alveoli very distinctly. It would

appear as if the action of the osmic-picrocarmine method was

to cause a shrinkage within the alveolar border, with the

result that this inuer portion of the nuclear framework

contracts and appears as a homogeneous mass, which contains

all the chromatin and stains deeply, leaving the alveolar

border unstained. It should be noted that by no means all

the nuclei of the collar-cells show the clear border within the

membrane ; many of them stain evenly up to the membrane,

and this is always so in those cells which are about to

divide.

The blepharoplast and flagellum stain black with iron-

hgematoxylin, but by the osmic-picrocarmine method they are

not stained.

The cytoplasm of the collar-cells is finely granular and

usually very vacuolated. The neck is free from vacuoles as

a rule, but in many cases a round vacuole-like structure,

which differs in appearance from the other vacuoles, can be

seen in the neck region. The ordinary vacuoles in the body
of the cell are clear and appear as empty spaces, doubtless

representing drops of fluid in the living condition, but in the

direct line between the nucleus and blepharoplast there is

generally to be seen a vacuole, which has finely granular
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contents and sometimes a minute central granule (fig. 30, cell

on the extreme right). This body is sometimes nearer the

blepharoplast, sometimes nearer the nucleus, Vjut usually it

lies at a level midway between the neck and the main body

of the cell or in the neck itself; its significance is doubtful.

In addition to the vacuoles, the cytoplasm almost always

contains one or more coarse refringent granules of irregular,

angular form and yellowish-brown colour. They are lodged

in any part of the cell and are often present in the vicinity of

the blepharoplast. They prol)ably represent excretion-grains.

After the irou-hagmatoxylin stain they become darker, but

still retain their characteristic yellowish-brown tint, and can

be easily distinguished from chromatin grains. No other

enclosures, as a rule, are to be found in the collar-cells, but

occasionally they contain large rounded bodies (figs. 31-35

and 50, 51), which stain deeply with iron-hajmatoxylin and

nppear to be of the nature of organisms, though whether they

represent parasites or food ingested by the cells is difficult to

say. In some parts of the sponge they are found more com-

monly than in others, and in one case (fig. 34) no nucleus

could be made out in the cell ; it may, however, have been

cut off in the section.

(2) Preparations for Division.—Before the nucleus

begins to show any of the changes in its minute structure

which initiate mitosis certain events take place in the cell,

namely, the migration of the nucleus bodily from the base to

the summit of the cell, the disappearance of the flagellum,

and the division of the blepharoplast. As a general rule

these three events take place in the order named, but not

invariably, so that a number of different combinations ai-ise

in different cases.

The migration of the nucleus is always the first sign that a

collar-cell is about to divide, and this peculiarity is a great

aid to the study of the division, since in a section of the

sponge which shows the collar-cells cut vertically those that

are dividing or preparing to divide arrest the attention at

once, even with a comparatively low power of the microscope.
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owino- to the fact that the uucleus is no lonsfer in its usual

position at the base of the cell, but has eitliei- migrated to the

apex ov has been preserved in the act of doing so, and is

found in some position between the base and the apex (figs.

1-5, etc.). Such cells are also characterised by being much
broader and stouter than the ordinary resting cells, but they

do not increase in height to an appreciable extent.

By this process of migration the nucleus comes to lie

immediately under the blepharoplast, and at this stage a

curious appearance has been observed in two instances (figs.

4 and 5) ; the nucleus is seen to be flattened on the side

nearest to the blepharoplast, and from the blepharoplast itself

two streaks appear to radiate to the two ends of the flattened

side of the nucleus. Careful examination of each of these

preparations giv^es the impression that these two streaks are

in reality the optical section of a cone-shaped mass of proto-

plasmic substance, the base of which rests on the flattened

side of the nucleus, and which is, perhaps, the cause of the

flMttening. A comparison with the resting cell suggests that

tliis conical mass is derived from the peculiar vacuole with

granular contents, which was described in the last section as

situated in the direct line between nucleus and blepharoplast,

and that by the upward migration of the nucleus the vacuole

in question is pushed up until it is caught, so to speak,

between nucleus and blepharoplast, when, coming under the

influence of the forces of attraction or repulsion exerted by
the blepharoplast, it assumes the conical form seen. If this is

a correct interpretation of the phenomena, the vacuole should,

perhaps, be regarded as an archoplasmic vesicle, such as has

been described in other cases, and which supplies some part of

the material of the achromatic spindle in the mitosis. In fig. 4

it is seen that the flagellum is still present, though short,

while in fig. 5 the flagellum has entirely disappeared and the

blepharoplast has divided.

The disappearance of the flagellum and the division of the

blepharoplast are two events Avhich take place independently

so far as their relative sequence in time is concerned, that is
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to say, the fiag-elluin may disappear completely before the

Llepharoplast divides or may persist until after this has

taken place. In either case the two daughter-blepharoplasts

migi-ate inwards and place themselves on opposite sides of the

nucleus in order to become, as will be seen, the two centro-

somes in the mitosis. If the flagellum persists during this

process of events it remains attached to one of the two

blepharoplasts (figs. <> and lU), and becomes drawn into the

body of the cell, as seen in figs. 7-9; in each of these

three specimens the flagellum, though greatly shortened, is

still persistent, and can be seen passing into the body of the

collar-cell and terminating in one of the two blepharoplasts,

Avhile the other blepharoplast can be seen on the other side of

the nucleus quite independent of the flagellurn. On the other

hand, figs. 5, 11, and 12 show the two blepharoplasts very

close together at tiie apex of the cell and apparently very

recently separated from one another, with no tiace of a

flagellum.

The exact method in which the flagellum disappears is

difficult to determine simply by comparison of different stages

in sections ; it could only be made out satisfactorily by

watching the process in the living cell. In collar-cells in

which the upward migration of the nucleus is taking place,

the flagellum almost always appears much shorter than in

the surrounding cells, an appearance too constant in occur-

rence to be explained simply as due to artificial curtailment

of the flagellum iu the process of section-cutting, especially

when the collar is intact and the flagellum does not project

beyond it (figs. 9 and 10). But a remarkable feature of

this stage is the frequent occurrence of a protoplasmic

pi'ojection, like a small pseudopodium, from the apex of the

cell round the base of the flagellum (figs. 7, 9, 39, 40) ; this

process persists for a time after the flagellum has completely

disappeared (figs. 14, 41). The appearances suggest that

the cell throws out a pseudopodial process, by the help of

which the flagellum is retracted and absorbed at its base

;
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in all cases the protoplasmic pi-ocess in question is very

short in proportion to the length of the original flagelluiu.

The division of the blepharoplast takes place with forma-

tion of a distinct centrodesmose connecting the two daugrhter-

blepharoplasts (figs. 6, 1, 13).

During these changes the collar remains practically unal-

tered, except that it begins to show more or less cleai-ly the

appearance of shrinkage and degeneration characteristic of

the succeeding stages of the division.

(3) The Mitosis.—The general course of the mitosis in

the collar-cell is similar to that known to occur in the cells of

other Metazoa generally, and described for sponges by Maas
(10, 11) and Jorgensen (9). It is unnecessary, therefore,

to do more than describe its most characteristic features.

As already stated in a previous section, the nucleus of a

collar-cell about to divide, but before any changes prepara-

tory to division have begun in the chromatin contents, is of a

pale type—that is to say, the granules of chromatin dis-

tributed over the general framework ai-e very fine and
scattered evenly, so as to give the nucleus an almost homo-
geneous appearance relieved only by the karyosome, stained a

deep black, after iron-h£ematoxylin, in contrast with the pale

grey tint of the remainder of the nucleus (figs. 1 , 10, 11). The
nucleus at this stage is also distinctly larger than the average

nucleus of a resting" cell.

The first changes to be observed in the chromatin contents

of the nucleus are that they stain darker and become more
blotchy and uneven in appearance, apparently as the result of

the minute granules of chromatin being clumped together to

form coarse grains or masses. Figs. 6 and 7 show early

stages in this process ; the masses of chromatin still stain

faintly, appearing to be loose in texture and ill-defined in

outline, and the karyosome stands out sharply. In later

stages (figs. 8, 12) the chromatin masses become more definite

in outline and somewhat smaller, and the deep stain they

take gives the impression that they are more closely knit and

of denser texture ; the karyosome, however, is still distinct.
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Finally, the chromatin masses become very definite and stain

very deeply, and no distinct karyosotne can be made out ; this

body seems to break up and to contribute by doing so to the

general store of chromatin. At first the chromatin masses, or

chromosomes, as they may now be termed, appear to be con-

nected together by delicate filamentous junctions (fig. 9) ;

this stage corresponds apparently to the spireme stage. Next,

the connections between the chromosome disappear, and they

are seen lying sepai-ately from one another as irregular

rounded masses, showing more or less distinctly indications of

division, each into two (fig. 15). In spite of much searching

we have not been able to find any stages other than those

described, and, in particular, nothing more nearly resembling

an ordinary spireme stage than the specimen shown in

fig. 9.

These changes in the interior of the nucleus also go on quite

independently of the changes in the flagellum and hlepharo-

plast described in the previous section. Thus the flagellum

may have vanished, and the two daughter-blepharoplasts may

have taken up their definitive position when the nuclear con-

tents are at the beginning of their changes (fig. 14) ; or the

nucleus may be comparatively far advanced when the

blepharoplasc has only just divided (tig. 12), or before the

fiugelluni is absorbed (tigs. 8, 9). Finally, however, a stage

is reached when the nucleus has resolved itself into a mass

of separate chromosomes, and the two blepharoplasts, or, as

they may now be termed, the centrosomes, are placed on

opposite sides of it, indicating the two poles of the future

nuclear spindle (fig. 15) ; when this stage is reached the

nuclear membrane is absorbed and cannot be discerned.

The formation of the nuclear spindle is seen in the two

stages drawn in figs. 16 and 17. After the absorption of the

nuclear membrane the chromosomes arrange themselves to

form an equatorial plate, to which delicate rays can be seen

to pass from the centrosomes, forming the characteristic

achromatic spindle. The two centrosomes appear to be pushed

further apart by the formation of the spindle, so that they
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come to lie at the extreme surface of the cell. The spindle

is lodged in that portion of the cell which we have termed

the neck in a previous section, and the centrosoraes ai-e

situated about midway between the origin of the still per-

sistent collar and the flange. The chromosomes appear

massed together, and are difficult to distinguish individu-

ally when the equatorial plate is seen in side view (figs. 17,

18), but can be seen better in cells cut parallel to the plane

of the equatorial plate (fig. 22). The number of chromosomes

appears to be about sixteen.

At this period, while the equatorial plate is still simple and

undivided, an important event takes place. From the cen-

trosomes at the two poles of the spindle the two daughter-

flagella grow out, appearing as two minute hair-like pT'OJec-

tions from the surface of the cell (figs. 18-21). This stage

is a very common one, and it is, in fact, rare to find a collar-

cell with a mitotic spindle without the two daughter-flagella

projecting from the two centrosomes; this indicates that the

first formation of the flagella must be an extremely rapid one.

Sometimes only one daughter-flagellum is to be seen, but in

such cases the cell is usually slightly oblique, and the missing

flagellum has probably been cut off by the knife in cutting

the section. The two new flagella are formed entirely outside

the original collar, which is still persistent. The condition of

the collar is best studied in osmic-picrocarmine preparations

(figs. 42-45), in which it is seen that the formation of the nuclear

spindle causes the cell to become much broader, with the

result that the base of the collar is greatly stretched. The

thicker portion of the collar, below the hoop, retains its form

more or less, but the portion above the hoop tends to collapse

and fall together.

From the stage with the single equatorial plate the diastei"-

stage arises in the usual way (figs. 23, 24). It is remarkable

that we have succeeded in finding but fcAv specimens of the

diaster-stage, and, unfortunately, most of those have been cut

obliquely or horizontally, and hence do not show well the

relation of this stage to the cell as a whole. Fig^s. 23 and 24
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show the two best diaster-stages we have found. Fig. 23

shows the spindle well, but the cell is cut almost liorizontally,

and the collar and one daue:hter-flai»'elluni are sliced off : in

fig. 24 the cell is cut more vertically, and shows the collar,

but the plane of the spindle lies obliquely, and only one cen-

trosonie and daughter-flagellum can be made out. The scarcity

of the diaster-stage indicates that it is passed over very

rapidly, and this conclusion receives further support from

the fact that in the subsequent stages, when the daughter-

nuclei are being reconstituted, the daughter-flagella are

scarcely longer than tliey were in the stage with the undivided

equatorial plate.

After the diaster-stage, and with the reconstitution of the

daughter-nuclei, the cell-body begins to divide (figs. 25-28a).

Between the two daughter-nuclei there are seen for a time

streaks, the remains of the achromatic spindle, stretching

across from one to the other (figs. 25-27) ; these streaks per-

sist nntil the division of the cell-body is far advanced. The

details of the reconstitution of the nuclei are difficult to make

out clearly ; the chromosomes appear to fuse together into a

compact mass in which their individuality is masked, if not

lost. The division of the cell is effected by means of a con-

striction in the vertical plane, producing a cleavage which is

much more marked at the upper than at the lower end of the

cell. The cleavage goes right through the old collar, and

leads to its destruction and disappearance ; it appears to

break down into a granular mass which disintegrates and

vanishes.

When division of the cell-body is complete the new collars

of the daughter-cells grow out round the short but growing

flagella. At their first origin the new flagella projected in

an oblique direction from the dividing cell, as figs. 18-28

show clearly ; they took origin from that portion of the

surface of the parent-cell which lies between the flange and

the base of the collar. When the division is nearh* complete

(figs. 28a. and 47), the point of origin of the flagella becomes

slightly shifted so as to be placed at the uppermost level of



DIVISION OK COLLAR-CELLS OF CLATHRINA CORIACEA. 631

the cell, with the result that the young flagella come to point

vertically upwards. After complete division the form of the

two daughter-collar-cells undergoes a change, becoming-

elongated, in the vertical direction, so that the cell as a whole

acquires a slender columnar form, with a shallow collar sur-

rounding the short flagellum at the upper end (figs. 29, 30,

48). A curious feature of these stages, both those in which

cleavage of the cell is taking place (figs. 25-28a) and those in

which division is recently completed (tigs. 29, 30, 48), is that

they are found in the sections at a higher level than the rest

of the epithelium, as shown in figs. 30 and 48; the bases of

the young cell are on a level Avith the flanges of the ordinary

resting collar-cells. This peculiarity is very marked when

the recently divided cells have assumed the columnar form ;

they project so much above the general level of the collared

epithelium that they become very conspicuous objects in the

sections of the sponge, and are consequently very easy to

find. Later they appear to push their way down amongst the

other epithelial cells, and so find their normal level (fig. 49).

The nuclei of the young collar-cells, at first compact masses,

soon become looser in texture ; the karyosome reappears and

nucleus acquires the structure of the ordinary resting nuclei,

from which it differs only in its smaller size. In osraic-

picrocarmine preparations the young nuclei show the marginal

clear zone very distinctly (figs. 48, 49). Immediately after

division the nucleus is at the apex of the collar-cell (figs. 29,

30, 48), but it now begins to migrate towards the base of the

cell (fig. 49), and so resumes the position characteristic of the

resting cell. The collar and flagellum grow to their full

length, and the latter arises from a basal granule or blepharo-

plast which, as is clear from the development that has been

described and depicted, is one of the two centrosomes of the

nuclear spindle in the mitosis, derived from the division of

the resting cell.
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SuMMAItY AND CONCLUSIONS.

The course of events that take place in the division of

the collar-cells may be summarised briefly as follows, omitting

the details of the mitosis, since they present no special

peculiarities.

The nucleus of the collar-cell migrates from the base to

the apex of the cell, and so comes to lie immediately under

the blepharoplast. The flMgellum then disappears and the

blepharoplast divides. The two daugliter-blepharoplasts

travel to opposite sides of the nucleus and take on the function

of centrosomes. The nucleus breaks up into chromosomes,

its membrane disappears, and a mitotic spindle is formed in

the ordinary way, with the two centrosomes at its poles.

The two new flagella then at once begin to grow out from

the two centrosomes, outside the original collar, before the

equatorial plate is divided. The mitosis is completed, and

as the cell-body divides the original collar breaks down and

disappears. The centrosomes become the blepharoplasts of

the two daughter-cells, the flagella continue to grow out from

them, the new collars grow up round the new flagella, the

reconstituted daughter-nuclei migrate back again to the

bases of the cells, and the two daughter-cells resume the

structure and appearance of the ordinary resting collar-cells.

Thus it is seen that the blepharoplast-centrosome is a

permanent cell-organ, which multiplies with the cell ; but

that the collar and flao-ellum are formed afresh at each cell-

division, quite independently of the collar and flagellum of

the parent cell.

In this process of division the feature to which we wish

to draw special attention is the fact that the bodies which

have the function of blepharoplasts in the resting-cell have

that of centrosomes in the dividing cell. In fact, it is seen

that during a certain stage in the division, the stage, namely,

of the nuclear spindle, when the daughter-flagella are growing

out from the centrosomes at the poles of the spindle, one and
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the same body functions at one and the same time as a

blepharoplast and a centrosome, thus furnishing a decisive

proof of the identical nature of these bodies, at least in the

class of cells that we have been studying.

We are therefore in entire agreement with those authors

who regard blepharoplasts as bodies of centrosomic nature.

It is very obvious in the case which we have studied that the

terms " blepharoplast " and ''centrosome" denote merely two

different functional activities of the same body. It may well

be that in other cases division of labour may lead to structural

differentiation, and that two distinct and independent classes

of bodies occur, centrosomes conti-oUing nuclear division and

blepharoplasts giving rise to locomotor cell-organs. But in

all cases alike we regard centrosomes and blepharoplasts as

organs similar in nature and identical in phyletic origin.

It only remains to discuss how far the results we have

obtained throw light on the state of things in other cases,

and more particularly with regard to the vexed question of

the true blepharoplast in trypanosomes, that is to say, whether

thename ''blepharoplast" should be given to the kinetonucleus,

or to the basal granule of the flagellum in these organisms.

With regard to this point, it may be stated at once that

there is nothing whatever in the structure or behaviour of

the centrosome-blepharoplast of the collar-cells to justify a

comparison between it and the kinetonucleus of a trypano-

some, or, indeed, a nucleus of any kind. We are fully in

agreement with those who, following Schaudinn, regard the

kinetonucleus of trypanosomes as a body of the nature of a

nucleus, and it is precisely on this ground that we regard it

as a body of a different nature from a true blepharoplast,

such as that which is seen in the collar-cells, and which

cannot, in our opinion, be identified as a nucleus by any

stretch of the imagination. On the other hand, the body,

which in a trypanosome corresponds in every way to the

ti'ue blepharoplast, is the basal granule or centriole of the

flagellum.

Our position, therefore, with regard to the nuclear apparatus
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of a trypanosoine is that the basal granule of the flagellum

represents the true blepharoplast, a body of the nature of a.

centrosonie, and that the kinetonucleus or German blepliaro-

plast is an accessory nucleus which is not represented in the

economy of a collar-cell or in flagellated organisms generally,

but which is a special feature of the genus Trypanosoma
and its allies, especially the geuera Try panoplasma,
Herpetomonas, Leishmania, and Crithidia, a nucleus

which doubtless possesses its own centrosome or centriole.

With regard to the function of the kinetonucleus, its close

association with the blepharoplast and the flagellar apparatus

has generally been held sufficient to justify the assumptiou

that it possesses a kinetic function, that is to say, that it is

a nucleus specially concerned with the regulation of the

function of locomotion. We require, however, more know-

ledge with regard to the relations of the kinetonucleus to

the life-cycle as a Avhole, and more particularly to the

phenomena of sex and sexual conjugation in these flagellates

before this point can be decided. We may refer in this

connection to the interesting experiments of Werbitzki (19),

who was able to obtain trypanosomes without a kinetonucleus

(termed by him " blepharoblast "), and found that such

individuals showed no difference, as rejrards their movements,

from the trypanosomes of normal structure. This result

seems to us to indicate that the flagellar apparatus of a

trypanosome is not so dependent on the kinetonucleus as is

generally supposed, and also to be strongly in favour of our

view that the basal granule of the flagellum, and not the

kinetonucleus, represents the true blepharoplast. AVerbitzki

seems, in fact, to have reduced his trypanosomes artificially

to the more primitive condition found in other flagellates and

also in collar-cells, a condition i]i which the organism

possesses a nucleus and a true blepharoplast, but no kineto-

nucleus.

It may be objected to our conclusions that they are based

only on analogy, and that a collar-cell is too far removed

from a trypanosome in phylogeny and affinities to permit of

I
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conclusions being drawn with regard to the homologies of the

flagellar apparatus of trypanosomes. It is, of course, possible

that the conclusions drawn from the one do not strictly apply

to the other, and it is certainly very desirable that these

points should be studied in flagellates generally, and in forms

allied to trypanosomes particularly, more than has been

done at pi*esent. On the other hand a collar-cell, although it

forms part of the epithelium of a sponge, is as much a

flagellate organism in all points of structure and function

as any free-living flagellate; and the study of cytology tends

rather to demonstrate the essentially uniform nature of

permanent cell-structures throughout the whole range ot

living organisms, whether animal or vegetable.

Lister Institute, Chelsea, S.W.

April 26th, 1910.
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EXPLANATION OF PLATES 25 and 26.

Illustratino^ Miss Muriel Robertson and Mr. E. A. Minchin's

paper on ''The Division of the Collar-cells of Clathrina
coriacea (Montagu) : A Contribution to the Theory

of the Centrosome and Blepharoplast."

[All the fignves ai-e drawn from sections of material fixed with

Hermann's fluid and stained by Heidenhain's iron-lisematoxylin method
;

t'le outlines were traced with the camera lucida at a magnification of 2000

linear, with the exception of figs. 36 and 37, which are magnified 3000

linear.]

PLATE 25.

Fig. 1.—Six collar-cells in their natural arrangement ; five of them

iire in the i-esting state ; the sixth (d) shows the nucleus in its migration

towards the blepharoplast, and has a very short flagellum.

Fig. 2.—Early stage in the upward migration of the nucleus ; the

blepharoplast in the act of division, with shortened flagellum.

Fig. 3.—Similar stage to the last, the blepharoplast distinctly divided,

the nucleus with two karyosomes.

Figs. 4 and 5.—Stages showing the nucleiis in close proximity to the

Islepharoplast and distinctly flattened on the side nearest the blepharo-

plast, from which two streaks are seen to come down to the two ends of

the flattened border of the nucleus ; these two streaks appear to he

the optical section of a cone-shaped figui-e. In fig. 4 the flagellum is

seen to be still present, but shortened ; in fig. 5 no flagellum is seen and

the blepharoplast is divided.

Fig. 6.—Stage showing the divided blepharoplasts connected by a

centrodesmose ; the flagellum is still present and of fair length.

Figs. 7, 8, and 9.—Stages showing complete division of the Wepharo-

plast with persistent flagellum in each case ; the two daughter-blepharo-

plasts in each dividing cell have travelled inwards and placed them-

selves at opposite sides of the nucleus, drawing in with them the root of the

flagellum, and the free portion of the flagellum has its base surrounded

by an iipgrowth from the apex of the cell. In fig. 7 the adjacent rest-

ing cell is drawn for comparison ; in the dividing cell a centrodesmose

is seen between the two blepharoplasts. and there are also indications of

a streak running down from one of the l;>lepharoplasts to a granule in

the body of the cell, but this streak appears to be due merely to the

arrangement of vacuoles in the cytoplasm, and not of the nature of a



638 .MUJiFEL ROBKIJTSON AN1> K. A. MIXCHIX.

centredosmose. These three figures also sliow three diiferent conditions

of the nucleus preparatory to mitosis. In fig. 7 the karyosonie is very

distinct, while tlie remainder of the chromatin is pale, but beginning to

aggregate into larger masses. In fig. IS the karyosonie is also distinct,

but the rest of the chronuitin is darker and the coarse granulation is

more distinct. Fig. 9 shows the stage which appears to correspond

to the spireme-stage ; the chromatin is in darkly staining masses

(chromosomes), connected by fainter lines, and no karyosonie can be

made out. All three cells are from the same slide.

Fig. 10.—Blepharoplast divided, remnant of flagellum still present;

nucleus not showing any preparation for mitosis. Cell cut somewhat

obliqxiely.

Fig. 11.—Blepharoplast divided, flagelhuii entirely absent; nucleus

as in last.

Fig. 12.—Blepharoplast and flagellum as in last; nucleus showing

beginning chromosome-formation, but karyosonie still distinct.

Fig. 13.— Cell cut obliquely, showing two blepharoplasts connected

by a centrodesmose.

Fig. 14.— Cell showing the flagellum completely withdrawn, and

represented only by a little upgrowth from the liody of the cell ; the

two blepharoplasts (centrosomes) have placed themselves on opposite

sides of the nucleus, which is still in a very early stage of j)reparation

for mitosis, with distinct kaiyosome and pale chromatin.

Fig. 15.-—Similar stage, luit with the chromatin of the nucleus com-

pletely ln'oken up into chromosomes. No karyosonie is to be made out.

One centrosome is seen on the right at the side of the nucleus, the

other on the left, rather low down and almost under the nucleus.

Figs. It), 17.—Stages showing the formation of the nuclear spindle.

In fig. 16 the chromosomes are still irregular in ariangement, while in

fig. 17 they are arranged to form a definite equatorial plate. No
flagella have as yet grown out from the centrosomes.

Figs. 18-21.—Stages with the nuclear spindle and with daughter-

flagella growing out from the centrosomes (blepharoplasts). In fig.

18 the Fpindle lies slightly obliquely, and only one daughter-flagellum

is seen. In fig. 21 the cell is cut obliquely.

Fig. 22.—Nuclear spindle cut in the plane of the equatorial plate,

which is seen from one of its flat surfaces.

Figs. 23, 24.—Diaster-stages. Fig. 23 shows a cell cut obliquely, and

only one of the daughter-flagella is seen. In fig. 24 the nuclear spindle

lies obliquely, and only the left-hand centrosome and daughter-flagellum

can be seen.
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Fig. 25.—Late diaster-stage, with l)eginning reconstitution of tlie

daugliter-nuelei. Slightly ol)lique ; only one daugliter-flagellum to Vie

seen.

Figs. 26-28, 28a.—Stages in the division of the cell-body, with recou-

stitntion of the daughter-nuclei. In all figures, except 28a, the remains

of the original collar can be seen clearly. In figs. 26 and 27 the remains

of the achromatic spindle can he seen lietween the two daughter-nuclei.

In fig. 28a the division is practically complete.

Figs. 29, 30.—Pairs of young, recently divided collar-cells. In fig.

30 some of the adjacent cells ai-e drawn to show the way in which the

cells at this stage are raised up above the surrounding cells.

Figs. 31-35.—Collar-cells showing enclosures of various kinds, some

of them perhaps of parasitic nature. In the cell shown in fig. 34 the

nucleus seems to have disappeared, but may have lieen cut off.

Fig. 36.—Nuclei of resting collar-cells, magnified 3000 linear, a, h.

c, dark nuclei ; d, a light nucleus ; e, /, g. thin sections of nuclei showing

the reticular structure ; in y the karyosome does not come into the

section.

Fig. 37.—Transverse sections of collar-cells in the region of the

collar, a passes through the base of the collar, and b just above this

level; both show the l^lepharoplast centrally. In c the collar is cut

transversely with the flagellum in the centre.

PLATE 26.

[All the figures are drawn from sections of material fixed with osmic

acid and stained with picro-carmine ; magnification throughout 2000

linear.]

Fig. 38.—Two collar-cells, one of the normal resting type (on the

left), the other with the nucleus migrating towards the apex of the cell

preparatory to division.

Figs. 39, 40.—Collar-cells showing the nucleus at the apex of the cell,

and the flagellum in process of retraction by means of a pseudopodium-

like process from the cell.

Fig. 41.—On the left a normal resting cell; on the right a cell with

the nucleus at the apex and the flagellum completely I'etracted, but

represented by the still persistent pseudopodium-like process seen in

the two preceding figures.

Figs. 42, 43.—Stages with the daughter-flagella growing out from the

poles- of the nuclear spindle, and with the collar beginning to collapse.

The achromatic elements, namely, spindle and centrosomes, ai-e not

stained and are not visible in the preparation, but the equatorial plate
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is seen. In fig. 43 the collar contains a foreign body, as in the right-

hand cell in fig. 48.

Figs. 44-4(5.— Diaster-stages svitli daughter-flagella. In fig. 44 a

resting cell is drawn for comparison ; in fig. 4f> the cell is cut obliquely

and does not show the collar.

Figs. 46a, 47.—Stages in the division of the cell-body. In fig. 46a the

collar is still seen ; in fig. 47 it has disappeared.

Fig. 48.—Two young, recently divided collar-cells, drawn with three

ordinary resting collar-cells to show the manner in which the young

cells project above the level of the epithelium. The collar-cell on the

extreme right shows a foreign body lodged in the lumen of the collar.

Fig. 49.—Four collar-cells, of which the two middle ones are evidently

a pair of sister-cells, the product of recent division, showing the nuclei

in the act of migrating down to the base of the cell.

Figs. 50, 51.—Two collar-cells showing bodies (parasites P ) in the

cytoplasm.
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Studies on Avian Haemoprotozoa.

I. On certain Parasites of the ChaflB,nch (Fring^illa ccelebs)

and the Redpoll (Linota rufescens).^

By

H. M. Woo«lroc'R, D.Sc.(L.oiid.),

Assistant to the University Professor of Protozoology.

With Plates 27—31.
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2. Experimental Work and Technique

3. The Parasites in Relation to their Hosts .

4. Description of Trypanosoma fringillinarum, n.sp.

(a) As found in the Birds

(b) As found in Cultures

The Significance of the Cultural Forms of Trypano
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Invertebrate Host
(c) Notes on Nuclear Cytology and Division

(d) Comparison with other Avian Species

5. Note on Halteridium fringillte (Labbe)

6. Note on Leucocytozoon fringillinarum, n.sp.

1. Introductoey.

My reason for taking up the study o£ Avian Haemoprotozoa

has been the desire to obtain, if possible, some definite

enlightenment on the important question of their life-cycle.

The far-reaching conclusions bearing upon this subject, to

1 This research was carried out as Mackinnon Student of the Royal
Society during the year 1907-1908. The publication of the results has

been delayed for several months owing to a long stay at Rovigno in the

endeavour to supplement this work by the study of the actual parasites

described by Schaudinn in Athene noctua.
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which the celeVjrated protozoologist, the late Fritz Schaudinn,

was led as the result of his well-known researches (27)

on certain parasites of the little owl (Athene noctua), have

been largely discredited by many subsequent workers in this

field. 'Jliis is chiefly due to the suggestion, first put forward

by the American workers, Novy and McNeal, that there is

nothing in Schaudinn's description to show thatthe author took

sufficient precaution against the liability of confusing the life-

histories of what wei'e really separate and independent para-

sites. Novy and McNeal, in theii- endeavour to confirm

Schaudinn's views, investigated the trypanosomes of various

birds (14), and also made a study of the flagellates occurring

naturally in mosquitoes (15). As a result of their work they

have maintained that Schaudinn was entirely wrong in regard

to all his main conclusions. They consider, on the contrary,

that the trypanosomes of birds are quite distinct from

intra-cellular parasites (such as Halteridium), and further,

that they do not undergo any part of their life-cycle in an

insectan host, the flagellates occurring in the latter having

no connection with the trypanosomes.

I chose avian forms ot^ which to work for the following

reasons: In the first place, a considerable amount of research

has now been done on various trypanosomes parasitic in other

vertebrates, e.g., fishes and mammals, which will be referred

to in due course. Secondlv, it is from a studv of avian forms,

if any, that one may reasonably expect to learn how far

Schaudinn's views and statements were justified. As a

matter of fact, at the present time the trypanosomes of birds

are those about which the least is positively known, for

Novy and McNeal's work, while it has undoubtedly re-

opened the entire question, does not, on the other hand,

contribute much to its definite settlement. In my opinion,

many of the conclusions reached by these authors ai-e equally

open to criticism. They themselves have certainly not

l)rought forward adequate or sufficient evidence to justify

the negative views adopted by them.

Hosts Selected to Work upon.— It was my intention
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to study first the parasites of the "little owl" itself. In

spite of all my efforts, however, I could not obtain a supply

of these birds here at home, so that I was obliged to turn

my attention to other birds. Kecent observations have

shown that many kinds of birds hai'bour trypanosomes, and
it is probable that their infection with these parasites is

fairly widespread in nature (cf., for instance, the numerous

American species which Novy and McNeal found to be

infected). The only worker, to ray knowledge, who has pub-

lished any notes relating to the occurrence of avian

trypanosomes here in England is Petrie (21), who
observed the parasites in the blackbird, swallow, house-

mai'tin, song-thrush, chaffinch, and yellow-hammer ; he

failed to find them in the crow, sparrow, stai-liug, or

jackdaw.

Had it been my object to find trypanosomes in as many
different birds as possible and to content myself with

noting their presence, it Avould have sufficed to shoot

various kinds of wild birds and examine them at once. This

habit of describing and naming trypanosomes from one or

two casual observations is unfortunately far too prevalent

;

it is one which adds little or nothing to our knowledge of the

i-eally essential points on which light is needed. For the

purposes of my investigation I felt it was best to restrict

myself to birds which could be obtained without much
difficulty, and which were hardy and would live well in

captivity. Hence, with a few exceptions at the commence-
ment of the work, when I was endeavouring to 'May a

course" as it were, I have used small native cage-birds,

obtained from various dealers. Mentioning the exceptions

first of all, in order to give a complete list, I began with

some Java sparrows (Pad da oryzivora), from which host a

trypanosome, T. paddae, has been described by Thiroux.

But after spending some time fruitlessly in attempts to find

this parasite, which was not present, and my limited supply

of these birds giving out, I relinquished the search. In spite

of great efforts to trap common birds, the only result was a

VOL. 55, PART 4. NEW SERIES. 43
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blackbird caught for me at Elstree, which died two days

after receiving it. Neither in this, nor in another blarkbird,

purchased, were any trypanosomes found. A barn-owl

(Strix flammea), which was kindly given me by Dr. Dean,

also proved negative.^ I may add here that in one of the

Paddas and in one blackbird Halteridia occurred, but

sparingly ; I thought it best, however, not to take up this

aspect of the question at first, but to continue my search

for haemoflagellates and concentrate my attention on them

in the first place, turning to the Haemosporidia later, as

should appear desirable.

The small birds, of which I have examined most, are

closely allied members of the finch family (Fringillidae,

sub-fam. Fringillinae), namely, greenfinches (Chloris

chloris), chaffinches (Fringilla ccelebs),i-edpolls (Li not a

[Acanthis] ruf escens), and linnets (L. [A.] cannabina).

Trypanosomes were found only in the chaffinches and red-

polls, so that for the greater part of the time I have occupied

myself entirely with these. Unfortunately during the spring

these birds also were very scarce and difficult to procure,

and I was unable to replenish or augment my stock when

I particularly wished to do so.

The occurrence of the parasites in these two hosts cannot

be considered as at all rare. Out of twenty-two chafiinches

examined, five were found to be naturally infected, sixteen

birds were certainly uninfected, and one was doubtful.

Neglecting this last,- the percentage works out at about

24. As regards the redpoles, trypanosomes occurred in

three out of fifteen ; eleven were uninfected, and one, again,

was uncertain. This gives an approximate percentage of

21*5, which is not very different from that in the case of

the chaflfinches. As far as they go these proportions are

reliable, because they are exhaustive—that is to say, the

> In the case of blackbirds this was not conclusive as to the absence

of the parasites, for no cultures were made (cf . below, p. 658).

^ Also in the case of the first chaffinch and redpoll no cultures were

taken, as I had no tubes ready at the time.
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negative side also can be relied upon, for reasons "which are

given below ; in this respect they differ from most previous

tables and estimates of trypanosome-infections of birds. The

figures suffice to show that, so far as occurrence is concerned,

the bii-ds with which I have worked do not bear out the dismal

statistics given by many of the researchers (e.g. Ziemann,

the Sergents, Button and Todd, etc.)

Intra-cellular Parasites in the Chaffinch. — In

several of the chaffinches I noticed, when looking for trypano-

somes, the presence of Halteridia; except in one case, which

I shall describe shortly, these were only scanty in number.

I have also observed, in three cases, an interesting leucocytic

parasite, which is quite different in appearance from the

celebrated Le ucocytozoon ziemanni of owls.

What is undoubtedly a similar parasite has been observed

independently by Dr. Stevenson, of University College, in

smears of the blood of a greenfinch, which he has kindly

shown me for comparison.

2. Methods op Work ; Attempts at Transmission by

Mosquitoes ; Technique.

Fresh blood was always taken, in the living bird, from a

fairly large marginal vein of the wing-, prominent where it

ci'osses the arm on the inner side, immediately below the

elbow-joint. A fine-pointed surgical needle of the triangular-

bladed kind was used. It is essential that the point be

sharp. Unless a clean prick is obtained, the blood does not

exclude freely in a good drop, but suffuses beneath the skin,

raising a swelling from which blood cannot be got satisfac-

torily. As a rule bleeding stops quickly. Should it give any

trouble, a swab of cotton-wool, dipped in lysol, is applied to

the wound and the wing closed up over it and held to the

side of the body for a few minutes. The vein soon recovers

from this little operation, and can be used again, if desired, in

a couple of days or so.

Culture-tubes.—The use of culture-tubes has been of the
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f,'reatest service to me, I have developed and extended

Novj and McNeal's method, m.iking use of it not only on the

dead bird, but also—what is much more difficult—on the

living bird. In taking drops of blood for culture-tubes, the

great desideratum is to get the region of the arm above-

mentioned sterile if possible. The part is very well washed

and gently rubbed first of all with cotton-wool soaked in

lysol, particular attention being paid to the skin near the

base of the feathers. The lysol must then be washed away

with distilled water, which has been well boiled. Lastly, the

water is absorbed as well as possible with more cotton-wool,

which has been boiled along with the water, and from which

the hot water is quickly pressed out. This is preferable to

using loose wool and serves to take up most of the water,

the warmth also helping in drying the part. It is most

important to have the arm as dry as possible before pricking

the vein, otherwise the blood spreads and runs over the

surface. As it exudes, the blood is taken up by a sterilised

Pasteur pipette, the drawn-out tube of which is long enough

to pass into the expression-water of the culture-tube.

It is, of course, a much easier matter to get sterile inocula-

tions from the bone-marrow, heart, etc., if the ordinary

precautions are adopted.

If a culture-tube can be successfully inoculated with four

or five drops of blood, I have found that in a few days

(usually five to seven, sometimes fewer) one can generally say

with confidence whether the bird was infected, according as

the tube develops trypanosomes or not. Unfortunately, even

with the greatest care, the inoculated tubes are sometimes

badly contaminated before tliat time has elapsed. In such

circumstances I never rely upon a negative indication,

though I may add that now and again a positive result has

been obtained where the medium had become contaminated.

When I have been unable to get any cultures to develop in

two or three sterile tubes taken from a bird, subsequent

examination and culture of the bone-marrow after death

have also proved negative. Hence I have regarded the
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above as a reliable test of the presence of the trypanosomes

in the living bifd.

Culture Media.—The parasite from the chaflEinch and

redpoll lives and multiplies readily in a blood-agar medium,

prepared either after Novy and McNeal's recipe, or according

to Mathis' modification. At first I followed the American

authors (see 14, p. 265), but added only an equal volume

of defibrinated i-abbit's blood to the sterilised meat-agar,

as I found this to be quite sufficient. Tubes so prepared

always have an ainple quantity of expression-liquid, in which

the parasites thrive at any temperature from 20° to 25° C. A
temperature of 28° to 30° C. was found to be too high, if it

was desired to keep the tube for any length of time, as the

trypanosomes soon die off, owing to their too rapid multiplica-

tion and exhaustion of the nutrient material. At the lower

temperature the tube is all right for about twelve or fourteen

days, and some of the trypanosomes will remain alive longer

if a little salt-citrate solution is added to replenish the

medium. If it is desired to keep the culture going for some

time, however, it is necessary to make a sub-culture, after

ten or twelve days, by transferring a drop of the medium

containing the parasites to a fresh tube. By this means I

have kept a continuous series of cultural forms, both from

the chafiinch and from the redpoll, thriving and multiplying

for six and a half weeks, the one having been transferred

(sub-cultured) four times, the other, I think, only thrice.

Had it not been for the accident of the temperature of the

incubator rising to nearly 30° 0. for two or three days,

whereby the trypanosomes were all killed off, the cultures

could apparently have been kept for as long as I wished.

The great drawback to this method is that, where, as in my
case, a lai'ge number of the tubes are used, too much time

and labour are involved in obtaining sufficient rabbit's blood.

Mathis' modification (10), which I have now followed for

some time, avoids this difficulty. In this method, ox-blood,

which can be readily got from a slaughter-house, is used

instead. A quantity is allowed to fall direct into a sterilised
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receptacle, and at once defibrinated. As before, equal

volumes of blood and agar are mixed. The tubes, when
prepared, must be sterilised by the fractional method at a

temperature of about 100° C. (under rather than over), for

an hour or so on two successive days. This is necessary to

ensure sterility.

Owing to this process, however, tub.es prepared thus are

often deficient in expression-liquid ; to remedy this 1 or 2 c.c.

of boiling salt-citrate solution ('75 per cent, salt + 1 per cent,

sodium-citrate), are added to each tube, which is then left

for a day or two before being inoculated; the liquid absorbs

nutrient material from the solidified part. The trypanosomes

Avill not live in salt-citrate solutions alone. I have tried various

combinations of salt, sodium-citrate, and (or) citric acid,

similar to those used in cultivating the Leish man-Donovan
bodies, but with no success. For the practical purpose of

ascertaining whether a bird is infected or not I have found

these tubes to be, as a rule, as serviceable as the others;

but I do not think they suit the parasites quite so well.

The culture does not start quite as easily, and multiplication

is often somewhat slow at first. It is at least four or five

days before the trypanosomes can be found at all readily in a

small drop taken for examination, whereas in the case of the

other tubes thi-ee or four days usually suflBce. Again, after

a week or nine days the parasites tend to become very

granular and altered, and large agglomeration-clusters form

sooner. In short, the trypanosomes do not live " healthily
^'

so long in this kind of culture as in the other.

I may point out, with regard to the macroscopic appearance

of infected tubes, that in the case of the pai-asites with

which I have been- working, there is normally nothing

indicative of their presence to be seen. A culture (if free

from bacteria) looks just like an uninoculated tube. Even
when the pai'asites are very abundant, the expression-liquid

remains clear and unaltered in colour. Not once have I

found the parasites on the solid part of the medium. They

never form visible colonies or masses there. The only
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instances where anything unusual is to be noticed are in old,

used-up tubes, in which the liquid is full of clumps of agglo-

merated parasites, and many are degenerating and dying.

These masses tend to settle to the bottom of the liquid, and

may be apparent as a small quantity of whitish-yellow scum.

Inoculation of Birds with T ry p an o somes.—I en-

deavoured to produce an infection with trypanosomes in birds

which I had found to be uninfected. So far, the oidy means

at my disposal of doing this has been by inoculating; and

most, certainly, of my attempts in this direction failed. In

all about twenty-five inoculations were performed, and only

in three cases was any positive result afterwards observed,

which might be due to the inoculation. Many of the failures

resulted from attempts to inoculate other (uninfected)

birds with the trypanosome of the chaffinch and redpoll.

Thus, a couple of linnets, one of them inoculated twice,

proved negative. Also a barn-owl was tried with no more

success. I was rather surprised, however, to find that a

canary, which I thought would be very likely to prove

susceptible, refused to become infected. It was inoculated

three times, twice from cultures, and once from fresh

(infective) blood, mixed with a little salt-citrate solution.

A few words in connection with the modus operandi.

To begin with, I inoculated the birds intra-pleurally, as

recommended by Novy and McNeal, but 1 lost two or three

redpolls straightway as a result of the operation. It was
very cold weather at the time, and this may have conduced to

their collapse. Since then, I have always found it much
more satisfactory to do the birds intra-peritoneally or intra-

muscularly (in the pectoral muscles). None of the birds so

inoculated suffered any ill-effects, even though, occasionally,

they were done in both ways at once. The "dose" was

generally four or five drops (from one eighth to one sixth of

a cubic centimetre) of the liquid in the tube. This contained,

of course, numbers of parasites.

With regard to the three cases in which the trypanosomes

were observed subsequently, I may point out that I had made
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sure, by means of good cultures, that all three birds had no

trypanosomes in the blood prior to the inoculation, and
therefore I considered them to be free from those parasites.'

Hence these are in all probability instances of successful

inoculation. One case was that of a chaffinch inoculated with

the parasites from a redpoll ; another was that of a redpoll

inoculated with a culture from a chaffinch. With regard to

the third case, that of a chaffinch inoculated with a culture

from another chaffinch, I have been very uncertain, owing in

part to the difPerent course the infection took, whether the

appearance of the trypanosomes in this instance was really

due to the inoculation, or was connected with the presence in

this bird of Halter idium. I now think this was also a

case of successful inoculation, for reasons which are discussed

below (see p. 678).

Attempts to Transmit the Parasites by Mos-
quitoes.—It was a great disappointment to me that all my
efforts to get mosquitoes infected with the trypanosomes from

the birds have been fruitless. Both from Schaudinu's descrip-

tion of the infection of Culex with the trypanosomes from

the " little owl," as well as on account of the known role

of this insect as alternate host of the Proteosoma
(Hje mo pro tens) of birds, I thought it most likely that

mosquitoes would prove to be the transmissive agents of the

parasites—at any rate, the trypanosomes—of the chaffinch

and redpoll.

Unfortunately I was baffled in the very initial stage of all

the experiments. I was never able to get the mosquitoes to

bite the birds. I have tried at different seasons of the year,

late spring, summer, and early autumn, and at periods when

the temperature has been quite high for this country. Most

of my attempts Avere made with females which were bred out

from larvae. None of them, however, showed the slightest

inclination to bite. Nor would they feed on a guinea-pig,

with which I tried them occasionally. They would only take

^ I have worked throughout on the assumption that if trypanosomes

are present, they will occur, if sparingly, in the general circulation.
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such things as sugar-water, banana-juice, or mashed date.

And if they were not provided with something of this kind

they soon died off.

I also obtained several batches of "wild" mosquitoes

(females), thinking these might at any rate bite. Indeed,

Prof. Minchiu, who sent me some from Norfolk, said they

were biting the horses in the open fields at the time. But

here again I had no better lack. In fact, the Culex seemed

to starve instead of feeding on the bird. I have kept batches

under observation without food,^ and seen their bodies gradu-

ally become attenuated, until, although placed for a couple of

nights consecutively with a bird, and without other food, by

the fourth or fifth day (since they last took food) many of

them would be dead. The mosquitoes were nearly always

placed with the bird in the late afternoon, and left with it all

night. Care was taken, of course, that they should be per-

fectly able to get to it and feed if they wished. Now
and again, also, I lield a tube containing a few hungry-

looking insects to the bird's body for a little time, displacing

the feathers so as to expose the skin ; and similarly with the

guinea-pig. I tried keeping the mosquitoes in a biological

incubator at a temperature of about 25° C. (77°-78° F.), for a

day or two before using them, but this did not make any

difference. Even small pieces of organs containing blood

from freshly killed rats remained untouched so far as I could

see. In short, all my efforts to induce Oulex to take blood

were unavailing.

What is the probable explanation of this unwillingness

experienced of the insects to bite? Such a total failure in

this respect was quite unexpected. Taking into consideration

the results in this connection—fortunately more successful

—

since gained at Rovigno, I think that there is probably more

than one reason for the above negative results. In the first

place, the question of temperature and moisture in the air is

very important. I found this to be the case at Rovigno.

1 But not without water, a small dishful of which was always kejjt in

the cage.
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Until the beginning of June I had the same difficulty there.

As soon, however, as the regular summer weather set in—

a

moist, sweltering warmth—there was no difficulty in getting

the Culex to bite (once, at any rate). It must be re-

membered that all the research done o;i Culex hitherto, in

this connection, from which it is known both to transmit

certain haematozoa and to harbour flagellates (which in many

cases are most probably hasraoflagellates), has been done in

countries where a much higher average summer temperature

is experienced than in England. And I do not think that I

succeeded in getting sufficiently favourable environmental

conditions in my laborator}' attempts in London.

There is another probably equally essential point, of which

I was not aware at the time of my (the above) experiments.

According to Mr. E. H. Ross, in a report on the prevention

of fever on the Suez Canal (Cairo : National Printing Depart-

ment, 1909),^ the mosquitoes (females) apparently desire to

suck blood only after having been fertilised. As it happened,

in my early work I kept the bred-out females separate fi"om

the males, of which I took no account, thinking they were

not required (as, of course, they do not take blood). Hence

those females used were certainly not fertilised. As regards

the caught "wild" ones, however, it is just as likely that

they were fertilised as not, so that some of these ought to

have bitten, had other conditions been suitable.-

Another Possible In sec tan Host.—Owing to my lack

of success in this essential preliminary, I was left in the dark

as to whether Culex was the alternate host of the Hajmatozoa

of the chaffinch or not. I may point out in passing that a

study of the cultural forms of the Trypauosome which I have

1 See ' Nature/ vol. Ixxix, 1909.

" In working at Rovigno, wliei-e I was able to breed out the Culex

in greater abundance. I left the two sexes together, for the sake of con-

venience in dealing with the insects. In this case many females were

fei-tilised, for I frequently noticed the little " egg-rafts " floating on the

dishes of water in the cage. Probably those females which sucked

blood had been fertilised.
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obtained, and their comparison with various flagellates

described in blood-sucking Invertebi'ates (cf. below), leaves

no doubt whatever in my mind that these bird-trypanosomes

have some alternate (doubtless insectan) host. But it is

quite possible that, in the present instance, some other

insect than Culex performs this role. I endeavoured to

ascertain what other biting insect was likely to be concerned.

Mr, Austen, of the British Museum, very kindly informed

me of a small hippoboscid fly, of the genus Ornithomyia,
which is an ectoparasite of various birds, especially to be

found on nestlings.^ Up to the present, however, I have been

unable to obtain a supply of these insects.

It seems to me not at all unlikely that it is in this

direction one must look for the alternate host. If this be

the case, it is very probable that infection usually occurs

while the birds are quite young, and before they leave the

nest.

Early in the autumn I obtained a young redpoll, infected

with trypanosomes, which could not have been more than two

months old, if that, when bought ; and as most of these little

cage-birds are caught, I am told, as soon as they can look

after themselves and before they finally leave the nest, this

may very well be a case in point.- Unfortunately, owing to

the hampering restrictions of wild birds' protection acts, etc.,

I could not get hold of any nests containing fledgelings for

examination. Towards the end of the close season a bird-

seller did procure a chaffinch nest for me, from which the

young birds only flew away as he approached. This was well

searched for insects, but contained none. I may add that I

have never noticed any insects (fleas, lice, etc.) on my birds

^ The Sergents have recently found (30) that a hippoboscid fly-

belonging to the genus Lynchia is most probably concerned in the

transmission of the Halteridinm of the pigeon. Lynchia, however,

is not met with in Britain.

- An interesting obsei'vation noted by Danilewsky of trypanosomes

being present in a young roller-liird only a week old also supports this

view. The only alternative would be that of hereditary infection, which

is extremely doubtful.
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when examining or inoculating them; they always seemed to

be free from anything of this kind.

Technique.—All my permanent preparations are in the

form of smears made on slides. As a rule, tlie thinner the smear

the better the result. In the case of very stout trypanosomes it

happens occasionally that they are rather flattened out if the

smear is too finely drawn ; but in thick smears the parasites

are often not well stained by the Komanowsky method, being

too blue in appearance. As regards smears of the cultural

forms, I experienced some difficulty at first, on account of the

expression-liquid (the medium containing the parasites), of

which the drop to be smeared consisted. This was quite clear

in the fresh condition, "but formed a sort of coagulum after

fixation, which stained very readily. Hence the trypanosomes

appeared to lie in a layer of substance, stained reddish, which

was often somewhat dense immediately around them. This

coagulated layer was much more noticeable in smears made
from the first kind of tubes than it was when I used the

second kind, to which salt-citrate solution was added. The

only means of obviating the trouble was to make the film as

thin as possible and to take care that no stain was deposited

on the slide.

Fixation.—Most of my preparations have been fixed

with osmic acid vapour ; the few smears not so fixed were of

little value as regards the trypanosomes. I make use of a

4 per cent, solution of osmic acid, placed in the bottom of a

stain-tube, to which two or three drops of acetic acid are

added. The slide to be fixed is placed in the tube as quickly

as possible after the film has been drawn. A fairly deep or

thick glass ring in the liquid at the bottom of the tube

prevents the slide itself from getting wet. Slides are left in

contact with the vapour from twenty seconds to half a minute,

the shorter time particularly in the case of a smear from a

culture. After fixing, the slide is placed in absolute alcohol

for fifteen to thirty minutes, according to convenience. If the

smear is to be stained by the Romanowsky method, it is not

advisable to leave the slide in absolute alcohol for much
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longer than half an hour; I have always found a longer

period to be detrimental to the staining. I found this

method of fixation to be the best for giving a correct idea of

the size and general appearance and morphology of the

parasites, whether trypanosomes or intra-cellular forms ; and,

for the sake of uniformity, all my figures ai-e of individuals

so fixed, so that one may be compared at once with another,

without any ulterior considerations having to be taken into

account.

Staining.—Nearly all my preparations are stained by

some variety of the Romanowsky method. I have made use

of two stains (or stain mixtures) : one of them is the

ordinary Giemsa sohition, the other is a combination which I

have found particularly good for cultural forms. The Giemsa

solution was always used in the customary proportion of one

diop of the stain to 1 c.c. of water. The length of time for

which slides were allowed to stain varied in different cases.

The period required to give the best results varies con-

siderably at times, even when the smears have been fixed, so

far as can be told, in exactly the same manner. For one

thing, the temperature made considerable difference. I used

the stain at the laboratory temperature, and whereas in the

winter and spring forms in the blood required to be stained

for twelve to eighteen hours to be successful, in the summer
they would be excellently stained in three or four hours.

Cultural forms stain much quicker than the parasites in the

blood, and need only about fifteen to twenty minutes in the

stain ; but the Giemsa solution was found to be not nearly so

suitable for smears of cultural forms as the other method
which I adopted; by this latter method the parasites them-

selves are more sharply stained, while the coagulated layer,

which is often unpleasantly prominent as a reddish ground-

substance, after Giesma, hardly stains at all.

In my particular method three solutions are made use of,

as follows :

(1) A 1 per cent, solution of azure I, in equal parts of

glycerine and methyl-alcohol.
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(2) A 1 per cent, aqueous solution of methylene-bliie

(Hochst—an essential point), to which 5 per cent, of pure

sodium-carbonate is added. This solution is kept warm at a

temperature of 40° to 45° C. for a couple of days or so,

when it is made up, after which it is ready for use.

(3) A 2 per cent, solution of eosin (also Hochst).

In using- the stain, I have found that a mixture made up in

the following proportions gives very good results^ : four drops

of each of the three solutions are added to 10 c.c. of distilled

water. The different liquids are poured from small drop-

bottles of equal size, the drop-bottles being the same as are

generally used for Giesma. (The di'ops themselves of the

different liquids are not, it may be noted, of the same size.)

By this method cultural forms are excellently stained in six

to eight minutes ; and if any stain is deposited in the ground-

substance it comes away readily with orange-tannin after-

wards. In fact, on a good smear of cultural forms thus

stained, it is often scarcely apparent macroscopically that

there is anything at all on the slide. For staining trypano-

somes in the blood, only forty to fifty minutes is required.

In all cases, whichever method of staining was used, the

slide was well rinsed with tap-water after staining, and then a

few drops of orange-tannin were poured on the slide for half

a minute or so, to remove the excess of stain. If, after

further washing with water, the parasites still appeared to be

over-stained, either more orange-tannin or else acetone wms

added. The latter must be used extremely cautiously and

quickly rinsed off, for though at first it only extracts the blue,

it soon begins to take out the red from the flagellum.

Eventually the slide was washed with distilled water and

allowed to dry.

I have since regretted that, owing to the great scarcity

^ These proportions can be varied, of course, as is found most suitable,

in other cases. I may mention that I experimented some time using

either (1) or (2) alone in combination with (3), in various proportions,

but I never obtained anything like the good results that I did after

using both (1) and (2) together.
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of the trypanosomes in the blood, I was uot able to make
use of the iron-hasmatoxylin method of staining. For there

is one distinct drawback to the Romanowsky method and

its variations. While it may be regarded as giving, after

fixation with osmic, a perfectly reliable presentation of the

form and general structure of the body, it is now quite clear

from the most recent research (see, for example, Minchin

[12] and Minchin and Woodcock [13]) that the nuclear struc-

ture and details cannot be interpreted correctly by the aid

of stains of this kind alone. This is owing to the invari-

able tendency of Romanowsky stains to deposit the red

colour in excess around certain orgauellfe, especially small

granules, which are thus overloaded with stain and arti-

ficially enlarged to many times their real size, often with

the result that other cytological features are quite obscured.

Nevertheless, this characteristic behaviour of the

Romanowsky stains being now proved and recognised, due

allowance can be made therefor, and hence one is not

likely to be seriously misled in the case of a study such as

is here described, which deals chiefly with the compara-

tive morphology and behaviour of different types of form.

Further, it may be pointed out that results obtained by the

use of the same methods throughout may be compared with

confidence.

3. The Parasites in Relation to Their Hosts.

Numerical Scantiness of the Trypanosomes.—Asa
rule, the trypanosomes are extremely scarce in the peripheral

circulation of an infected host. This fact renders it often

an excessively slow and wearisome process to get hold of the

parasites at all in a living bird, and hampers any work

upon them more than can be imagined until such research

has been attempted. Unfortunately, there is all but

unanimous agreement among observers upon this point,^

' The only exception of which I am aware is indicated by a statement

of Vassal (36) in describing a trypanosome from an Annam pheasant.
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vvliicli it would be tedious to cite in detail (cf. the remarks

by the Sergents [29], Novy and McNeal [14], Laverun [6],

Button and Todd [4] , and others). I will only add that Petrie,

ill the note already referred to, states that he could not find

the trypanosomes in the blood of any of the infected birds,

l>nt only saw them in the bone-marrow. With respect to this

numerical scarcity, birds are certainly the most trying of all

vertebrate hosts. There can be no doubt that, owing to this

factor, an erroneous idea has often been obtained of the pre-

valence of trypanosome infectious among birds. This has

been well shown by Novy and McNeal, whose adoption of

the culture method is of very great value in this connection.

It will sufficiently illustrate this to give the statement of

these authors that, in the case of forty-three various birds

where microscopic examination had failed to reveal try-

panosomes, nineteen, or 44 per cent., were proved by means

of cultures to have been infected.

To give now my particular experiences. Out of five

naturally infected chaffinches only in one were trypanosomes

ever seen in freshly drawn peripheral blood ; in this case, I

once saw an individual in a cover-slip preparation. The

same bird was examined at intervals during three months

subsequently, but I never saw any living parasites again.

That they were still present in the general circulation, how-

ever rare, was proved nevertheless on three occasions by

means of cultures. Once, determined to find this elusive

parasite if possible, I took a few drops of blood and made

several smears, which were fixed and stained. In six good-

sized films, which were minutely and thoroughly searched,

representing a labour of several days, only one trypanosome

was seen ! It is important to note that these observations

were made during the early spring, from January to April.

In the case of the trypanosome parasitic in the redpoll I was

This writer was in the liappy position of being able to say that the

parasites were not infrequent in the peripheral circulation. An indivi-

dual could be found in every two or three fields (of an oil-immersion

lens).
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not able to see it iu the peripheral blood at all during the

first five months of the year, although in two cases I knew

by means of cultures that the birds were infected. During

the early autumn, however, I was able to find it in smears from

a very young bird, which had probably not been long

infected. Tlie number of parasites on a fair-sized film

varied from six to ten in September, but only from four to

eio:ht in films made in October.

Principal Habitat.—In general, the trypanosomes are

most numerous in the bone-marrow; this is certainly their

principal habitat. Two or three parasites can usually be

found in a fresh cover-slip preparation from one of the long

bones of an infected bird. But even here, at times, consider-

able search is necessary,^ since the parasites are apt to be

hidden by clumps of leucocytes, erythroblasts, etc. However,

there is generally no difficulty in finding the trypanosomes

in a carefully made smear of a small, teased-up fragment of

bone-marrow. Thus, when the chaffinch above alluded to

was killed, some of the smears from the bone-marrow con-

tained twenty trypanosomes or more.

Artificial Infection.—Only in a couple of instances up

to the present have I had the pleasure of finding trypano-

somes at all plentiful in the peripheral circulation. One of

these cases, at any rate, was certainly the result of success-

ful inoculation. This was a chaffinch which was infected

with a culture of the form from the redpoll. Examined

previously, no parasites had been found in this bird. On
December 19th it was inoculated inti'a-peritoneally with a

fifteen-day culture. On December 21st, twelve days later,

examination of the blood showed at least five trypanosomes

in two fresh cover-slip preparations, which were not ex-

haustively searched; and permanent smears made at the

same time proved to contain quite a considerable number of

parasites—twenty to twenty-five or more on a good-sized

^ Certainly in one instance, wliere I failed to find any parasites in a

careful search of the bone-marrow, the trypanosomes subsequently

appeared in a culture taken from this organ.

VOL. 55, PART 4. NEW SERIES. • 44
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film. On New Year's Day also, two parasites were found in

a living preparation without much difficulty. When next

examined, however, on January 10th, only one trypanosome

was seen in two cover-slip preparations, which were

thoroughly searched; this indicated a marked diminution in

numbers. And in one permanent smear taken at the same

time I could not find a trypanosome at all. This bird was

not looked at again until the beginning of February, when no

trypanosomes were seen in a living prepai-ation. Neverthe-

less, the parasites were still present, for a tube inoculated

subsequently developed a culture; evidently the parasites

had by this time diminished in number to their customary

scantiness. Unfortunately, this chaffinch accidentally escaped

soon afterwards, flying away through an open window.

A Strong "Mixed" Infection.— I have left to the last

a consideration of my most interesting case. On March 20th

I inoculated a chaffinch with a seven-day culture of the

chaffinch form. Three good (i . e. sterile) tubes had been

inoculated from this bird previously, and had not developed

any parasites. Hence I was practically certain that there

were no trypanosomes present in this bird. Examination of

the blood at intervals from March 26th until April ;3rd, that

is, until fourteen days had elapsed since inoculation, proved

negative, no cover-slip preparations showing any parasites,

so that I was very doubtful whether the inoculation had been

successful. About three weeks afterwards the bird was

asrain examined with a like result, but to make the matter

certain, a tube (the first)^ was then taken. To my surprise

this developed a culture, the presence of the trypanosomes

being thus proved, although I had never seen them in the

fresh blood. I propose to leave aside, for the present, the

question of whence these ti'ypanosomes had come.

* I had not made a culture on the occasions of the earlier examina-

tions, thinking that if the inoculation had Ijeen successful the parasites

would have been readily obsei-ved in the circulation, as in the other

instance described.
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This bird was then left alone for some weeks/ until with

the approach of summer I decided to look at it again and
see if the oncoming season appeared to make any difference

in the number or condition of the parasites. Examining a

cover-slip preparation on the afternoon of June IGth I was
surprised to see numerous microgametocytes of Halteri-
dium. The stimulus of cooling was causing many of them
to rupture the red blood-corpuscles, and rapidly form and
liberate the active male gametes. I had never seen any
Halteridia in the preparations or smears made previously

from this chaffinch; if this parasite was present then it must
have been extremely scarce in the peripheral circulation.

I was so occupied with watching this process of the libera-

tion of the gametes and in endeavouring to see actual

conjugation stages (unfortunately without success) that I did

not search these fresh preparations for trypanosomes. In

permanent smears made at the same time, however, trypano-

somes occur, but they are not numerous (half a dozen or so

on a slide).

Having this abundant Halteridium-material, and know-
ing the bird to be infected with trypanosomes also, I

determined to examine it in the night-time to see if I could

obtain any phases connecting these two types of parasite.

Blood taken at 1.30 a.m. on June 18th showed the same

condition as regards the Halteridia, and, in addition, Trypano-

somes were easily found, three and four respectively being-

seen in two cover-slip preparations without any difficulty

;

and there were probably several more in each. The trypano-

somes seen were manifestly much larger than the Haltei'idia,

and I saw no indications of a rapid transformation of the

Halteridia into trypanosomes, or vice- versa; indeed, the

only Halteridia observed free in these living preparations

were the adult gametocytes, male or female, behaving in the

' The l)ird was not made use of during this period because I had now
given up making permanent preparations when a living drop failed to

show the parasites. I had learnt that the probal^ility was so much
against my finding any trypanosomes in a reasonable time.



662 H. M. WOODCOCK.

usual manner. Many smears of the blood Avere made, some

at once, others after waiting a moment or two, and with or

without the addition of a drop of salt-citrate solution.

The bird was again examined on the afternoon of June

22nd, when one trypanosome was seen in two cover slip pre-

parations after some searching. Another night examination

was made about 1 a.m. on June 3Uth. Compared with the

previous night examination there appeared to be as many
trypanosomes present, but the mature Haltei-idia did not

seem to be quite so numerous as befoi'e. After a similar

procedure I at length killed the chaffinch (about 2.30 a.m.)

in order to obtain smears from the internal organs—heart,

liver, spleen, bone-marrow, kidneys, etc. Most unfortunately,

I omitted to make any preparations from the lungs—an over-

sight wliicli I have since greatly regretted. I need only

mention here that the trypanosomes were afterwards found to

be comparatively few in number in preparations from the

bone-marrow, while in smears from the liver, etc., they are

very scarce. As regards the peripheral circulation, the

parasites are certainly more numerous in these night-slides

than they are in those taken (from the same situation) in the

daytime (afternoon). Hence thei-e would seem to be, to

some extent, a wandering of the trypanosomes from the

internal organs (probably chiefly from the bone-marrow,

which is their principal " internal " habitat) into the peri-

pheral circulation during the night-time.

Halteridiuui in Relation to the Corpuscles.—As
already indicated, the Halteridial infection of this bird was a

very strong one, and the parasites were very numerous at

this time; in fact, in some smears, for instance, from the

livei", they are almost abundant. The Halteridia are of all

sizes, from minute forms up to fully grown adults. Xearly

all the parasites are intra-cellular. Until recently the only

cases in which I observed any forms free from the corpuscle^

' Of course, ripe sexual individuals, which have become roiuided off

and liberated themselves from the corpuscles, are not included in this

statement ; neither are distorted or irregular individuals, which have
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—in spite of much searching—were four or five instances in

which a special kind of individual, with peculiar featui-es,

was found free in the plasma. Having been led, however,

as a result of my observations at Rovigno, to again examine

very carefully certain of my pi-eparations made at night, I

have now found here and there a few individuals of small or

intermediate size, and apparently of normal appearance, free

in the blood. It is noteworthy that these free individuals

have been seen only in smears from the peripheral blood,

and not, for instance, in preparations from the liver, where

the parasites are most numerous. Hence I do not think

that the first impression I formed, namely, that theHalteridia

do not leave the blood-corpuscle in the course of their

growth, can be sustained.

Occurrence of the Leucocytozoon . — The new
leucocytozoon which I have observed occurred in three

chaffinches. In two it was very scanty, only one or two

isolated individuals having been noticed, and they were

small. In one bird, however, which happened to be that

which was successfully inoculated with Trypanosomes from

the redpoll (see above, p. 659), the Leucocytozoon is not

at all infrequent. The parasites are nothing like so

numerous as the Halteridia are in the case just described,

but there are certainly as many or more Leucocytozoa than

there are trypanosomes on any smear. On one film more

than twenty-five have been marked, and the slide has not

been exhaustively searched for all the minute forms.

Unfortunately, I did not detect this parasite in living,

cover-slip preparations. For one thing, I was examining

the chaffinch in which it occurred for Trypanosomes, which

can be readily seen ; further, as this species does not

produce the characteristic spindle-like appearance of the host-

cell, as in the case of nearly all other Leucocytozoa so far

described, there was nothing about the parasites to catch

obviously been accidentally set free from a ruptured corpuscle in making
the preparation, such as are occasionally met with.
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the eye. If I passed over one in my search I doubtless took

it merely for a large leucocyte.

4. Description of Trypanosoma Fringillinardm, n. sp.

(a) As Found in the Birds.

The trypanosomes from the chaffinch (Fringilla c celebs)

ahd the redpoll (Linota rufescens) most probably belong

to one and the same species. The trypanosome once noted,

but not described, by Ziemanii, in 1898, was most likely tliis

form; and the same applies doubtless to Petrie's observations

(21) in 1905. The occurrence of trypanosomes in the redpoll

has not been known iiitherto ; this bird is a new avian host

for the parasites. I regard the trypanosome from these two
birds as a distinct and new species, for which I propose the

name T. fringillinarum.
I discuss below the question of the specificity of different

ti'ypanosomes, with reference particularly to avian forms. I

will merely give here the chief reasons which lead me to

consider all the different types met with in the chaffinch and
redpoll as belonging to one species. In the first place the

ordinary, or definitive form of the parasite, the type, that is,

which affords in the existing state of our knowledofe the

chief basis of morphological comparison in a systematic

study of different Trypanosomes, appears to be essentially

the same, as regards form and structure, both in the chaffinch

and in the redpoll (cf . for instance figs. 4 and 31 of individuals

from a naturally infected chaffinch with figs. 3 and 32 respec-

tively of parasites from a naturally infected redpoll). Again,

the forms which appeared in the blood of a chaffinch as the

result of inoculation with a culture of the redpoll-parasite

are also of a similar type (cf. figs. 1 and 28).^ Secondly,

although considerable polymorphism is shown, transition

forms occur, which are intermediate between the more

' The fact that the inoculation of the parasites from the redi^oll into
the chaffinch was successful itself points to the specific identity of

the two forms.
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extreme types noticed and serve to connect them. Lastly,

it may be added that the various cultural forms to which the

parasite from the chaffinch gives rise are quite similar to,

and cannot be distinguished from, those developed from the

trypanosome of the redpoll.

The ordinary or definitive type of T. f r in gill in arum is

elongated and slender in appearance (figs. 1-4, 27, and 28)

The aflagellar end is long and finely tapering, at times being,

indeed, extremely attenuated (fig. 27).^ The free flagellum

is usually comparatively short. The trypanosome possesses

a well-developed undulating membrane, which has three or

four folds or pleats, broad and deep. The average dimeii-

sions of a full-sized " adult " individual are as follows

:

Total length, including flagellum .

Greatest width, including undulating

membrane .....
Greatest width of undulating mem-

brane ......
Length of tapering aflagellar poi'tion of

body, i. e. the distance from kine-

tonucleus to extremity

Length of free flagellum

The trophonucleus (nucleus) is situated near the middle of

the body, often slightly in the aflagellar half. It lies gene-

rally somewhat nearer to the undulating membrane than to

the opposite side. The nucleus is more frequently ovoid in

shape, but it may be approximately round (figs. 1 and 29) ;

in the former case it may measure as much as 3 ^ by 2 //,

and in the latter case it may have a diameter of 2^/n; but

these dimensions are not always attained.

The kinetonucleus appears as a relatively lai*ge body,

1 This aflagellar prolongation is very delicate and liable to be broken

off and lost in the preparation of the specimen ; hence, now and again a

parasite is seen wliicli appears to have no " snout " at all, and where the

body appears to be terminated by the kineto-nuclens ; this is certainly

an artificial condition, for it is characteristic of the fully grown ordinary

individuals to have this long attenuated process at the aflagellar end.

41 to 45 ju
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ovoid or rather oblong, which occupies the entire width of

the parasite at the point where it is situated. Its apparent

size is about IJ to 1^ // ]>y 1 ^. It is nearly always intensely

stained after Romanowsky stains, and shows no structural

details.

The flagellum, at its proximal end, nearly always stops

short of the kinetonucleus ; only very exceptionally does it

appear to come into contact with the latter organella. In

this connection it may be emphasised that my specimens

are all from films properly fixed with osmic-acid vapour

—

none from air-dried smears. Moreover, at the point where

the flagelluni terminates, a definite granule, staining rather

more deeply, can sometimes be made out quite clearly

(figs. 4, 28). Unfortunately in many cases the I'oot portion

C)f the flagelluni, which is probably intra-cytoplasmic, is not

well stained, and in these the granule cannot be made out.

The cytoplasm stains pale blue, and is of fairly uniform

structure, appearing in some instances finel}' alveolar.

Occasionally a few stnall vacuoles or spaces are to be seen

in the cytoplasm, but I have not observed anything that

could be regarded as a definite, regularly occurring

organella of that kind. In some of these forms the cyto-

plasm is free from granules ; in others, however, granules

which stain bright red, and are of varying size, occur in

greater or less number (figs. 1, 3, and 27). These granules

are most probably of a chromatoid nature, derived from the

nucleus.

The structure of the undulating membrane shows an

interesting feature. Running longitudinnlly in the broad

folds or pleats, usually about the middle, is a prominent

line, which stains blue—not red, like the flagellar border

(figs. 1, 2, 4, 28-32). With a good light it is not difficult

to make out that the part of the fold nearer to the body

appears slightly denser than that on the outer side of this

line, and stains faintly but distinctly blue, whereas the outer

part is practically colourless. The explanation of this

structure is that it represents a delicate intrusion of the
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endoplasm, running part of tlie way into the pleat of fold,

between the two (otherwise) closely apposed ectoplasmic

layers which constitute the membrane. The longitudinal

line about the middle of the fold is the edge or limit of this

inner endoplasmic layer. Laveran, in his account of T.

avium (6), calls attention to a " rib ^' or longitudinal

striation in the membrane. This striation corresponds, in all

probability, to the limit of an endoplasmic intrusion similar

to that just described.

Apart from the undulating membrane, I have never seen

indications of an ectoplasmic layer. The trypanosomes I

have studied shoAv no sign of a well-developed, red-stain-

ing "periplast," such as has been described by several

workers in the case of T. lewisi, for example. As a matter

of fact, I should not expect to see any such appearance here,

since the ectoplasmic part of the folds of the membrane is

itself generally quite colourless, as already mentioned, and

at most shows in one or two instances the faintest possible

tinge of pink colour, which would be quite lost against the

stronger blue of the body. Nevertheless, there is no reason

to doubt that the parasites have a delicate ectoplasmic sheath,

investing the body generally.

I will leave until later the consideration of the minute

structure of the trophonucleus.

The above type of the parasite is the form which I have

found in the blood of the host—at any rate, in the chaf-

finches—during the winter and early spring months, when the

numerical factor is low, the infection being, as it were, per-

sistent, but in a quiescent and somewhat scanty condition.

Young individuals, not yet full-grown, which belong to

this ordinary definitive type, can be readily recognised.

They are, of course, somewhat smaller, but their form and

general appearance agrees in most respects with that of the

adult parasites. The chief point of difference is that the

" snout " is usually not so elongated and drawn-out ; it is

more conical, but still sharply pointed (figs. 31-33). This

aflagellar part of the body attains the extreme degree of
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attenuation only in the fully grown forms. An intermediate

condition is seen in figs. 21) and oO. It will be noticed that

there is often considerable variation in the size of the nuclei

in these young or intermediate-sized individuals (cf. figs. 29—

33), even where the parasites appear very similar in size and

form. 'J'his feature is met with also in other series of forms

to be described (see below, p. 672). I do not think much
stress need be laid on apparent differences in size of these

organellee in comparing parasites otherwise similar.

Unfortunately, as already mentioned, I could not obtain

any stained specimens of the parasite in the blood of the red-

poll during that period, owing to its scarcity, although I

had obtained cultures on two or three occasions. It was

early autumn before I could obtain series of permanent

preparations showing the trypanosomes in this bird ; and in

these smears, parasites which belong to the type above

described are relatively scarce and outnumbered by another

type. I have not found in this host at this period any

ordinary forms which have attained quite the dimensions of

the fully grown individuals occurring in the chaffinch in

the early part of the year. The individuals observed, how-

ever, correspond closely to the slightly smaller forms of the

parasite, which have been described above (cf., for instance,

figs. 33 with fig. 4, and, again, fig. 32 with fig. 31). Hence

I have little doubt that they represent that phase of the same

species, bearing in mind also the other considerations stated

already. It is probable that if I could have obtained examples

of the trypanosome in the blood of the redpoll in the early

part of the year I should have found " adult " definitive

forms similar to those in the chaffinch.

The predominating form of the trypanosome in the blood of

the redpoll in the autumn (September, and again in October),

is a very large parasite. Some of the individuals of this new

type are, in all respects, the largest trypanosomes I have

observed in the birds, being not only as long as the longest

ordinary individuals, but also much stouter. The individual

drawn in fig. 37, for example, measures 48 f.i in total length
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and 6^ fx in total breadth, while that in fig. 35 is 44^ by Of fi.

Even the rather smaller forms of this kind (figs. 34, 36, and

38) are distinctly wider than the full-grown definitive

parasites, their breadth varying from 5i to 6 /t. Hence, in

general appearance these trypanosomes differ considerably

from those of the first type.

The aflagellar end is prolonged for some distance (6 to

8 ju) beyond the kinetonucleus ; it may be fairly wide and

somewhat blunt (fig. 36), or slender and tapering (fig. 37),

but it is never so finely drawn-out and attenuated as in the

case of the definitive individuals. The free flagellum is

usually short, only about 4 to 4J ju long. The undulating

membrane is well developed, but the folds or pleats are not

usually so sharply separated from each other as in the case

of the other forms.

The cytoplasm of these massive forms stains blue, deeply

and intensely.^ In structure it is quite different from that

of parasites belonging to the other type. As a whole it

is much coarser in texture and more granular. In the

majority of cases it does not appear to be of uniform character

throughout the body (figs. 34 to 36). In the aflagellar third

or so of the body it is loose and spongy, with large granules

more or less uniformly distributed ; but in the other two thirds

or so, i.e. in the region from the trophonucleus to near the

flagellar end, it is more compact, and the granules tend to be

closely arranged in longitudinal rows, of which there are usually

five or six. Thus the cytoplasm in this part of the body

appeai-s made up of narrow dark bands (composed of more

prominent granules, packed together), with between them

paler bands or zones of more finely granular (and hence less

deeply staining) cytoplasm. The extent to which this serial

arrangement of the larger granules is developed varies in

different individuals. In some they extend through two

^ There is no question of this difference being due merely to acci-

dental variations in the staining; individuals representing the two

types of form have been fovmd on the same smear, and within a short

distance of one another.
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thirds or more of the length of the body, while in others they

occupy only the middle portion (fig. 35). Now and again

these bands appear very narrow, but in no case can they be

considered as lines or striations ; T do not think they have

any connection with, or themselves indicate, actual myo-

nemes. Button and Todd (4) have described what is pro-

bably a similar cytoplasmic differentiation in Trypano-
soma mega and T. karyozeukton. They distinguish

the loose, spongy aflagellar region as ''spongioplasm," and

the region of the longitudinal bands as " hyaloplasm." The

chief difference in their cases is that the dark bands are

very broad and very compact, showing less obviously their

granular structure, while the alternating, less granular zones

are very narrow and pale, and appear as clear stripes.

I liave never seen any indications of division in any

parasites belonging to either of the above types.

The next series of forms of Trypanosoma fringilli-

narum to be described consists, on the Avhole, of small

parasites, some of which are extremely small. These forms

have been found in two cases. The first instance of their

occurrence noted was in the bone-marrow of a naturally

infected chaffinch, which was killed about the middle of

March. This bird had the usual scanty number of ordinary

definitive trypanosomes in the general cii-culation, and these

are also present in the bone-marrow, along with the para-

sites of small type. The other case was in the chaffinch

which was found to have a mixed infection of Halteridia as

well as trypanosomes towards the end of June (cf. p. 660).

In this bird the trypanosomes were comparatively numerous

in the blood ; but no individuals of the ordinary large type

have been found in any of the preparations, whether from

the blood or organs. As I shall frequently have to dis-

tinguish between these two cases, it will be convenient, and

will, I hope, render the description clearer, to refer to them

as case A (the former, earlier case), and case B (the second,

later case), respectively.

T will begin the account of this small type of form by
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describing the parasites which occur in the iater case(B).

The smallest individuals have been found in the boue-

marrow. The trypanosomes are distinctly Jess frequent in

the bone-marrow than they are in the general circulation,

and the individuals which do occur in this situation are

nearly all small or minute in size. One of the smallest forms

seen is drawn in tig. 40. Its total length is 15 u, that of the

free flagellum alone being 4 ju ; hence the length of the body

itself is 11 ^. The width is a trifle under 2^ ju. It is only

necessary to compare this parasite with some of those above

described to realise the great difference in size which may
be shown by different individuals of the same species of

avian trypanosome. Another very small individual (fig. 5)

has a total length of 18 ju, partly accounted for by the

rather longer flagellum of 8 ju, and its greatest breadth

is 3 lu.

On the other hand, the largest individuals belonging to

this series of forms which I have observed are seen in figs.

44 and 45. The parasites are of only medium size ; they do

not really come in the category of large forms. The trypano-

some of fig. 45 has a length of 33^^, its flagellum alone is

8^ fjL, and the greatest breadth is 5^ /n. The dimensions of the

other individual are rather less. Between these two extremes

of this type parasites of all intermediate sizes occur

—

forming, indeed, a regular gradation. This is illustrated by

figs. 6, 42, and 43. The trypanosome in fig. 6, for

instance, is 23 /u in total length, of which the flagellum is

Q\ H, and has a width, including the undulating membrane,

of of ju ; again, the individual of fig. 43 is '11 fx long, the

flagellum alone 6/1, and the breadth 4A //.

As will be noticed, tliere is a general similarity in form

between all these parasites. The body is fusiform or spindle-

shaped, and fairly wide in proportion to its length; it is

quite distinct in appearance from the body of a definitive

individual. The aflagellar end is drawn out and pointed,

but it is not so elongated and attenuated as in the case of the

definitive parasites described above. In the smallest indi-
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vidiials the undulating membrane is narrow and incon-

spicuous (figs. 40 and 5), but with the increase in size of

the body it becomes wider and more prominent. The kineto-

nucleus may be relatively large, more particularly in the small

individuals; in the parasite of fig. 5 it appears to be four-

lobed, as if it were composed of four small masses. The free

flagellum is fairly long, varying from 6^ to 9^ f.i. A modifica-

tion of this type occurs, but it is very uncommon in this

series ; certain pai-asites are relatively very wide, and have

the afiagellar end very short and abruptly conical, which

gives the trypanosoiue a stumpy appearance (fig. 41). The

dimensions of this individual are: Total length, 18i//; of

the flagellum alone, about 3^ /u ; while the width is as much

as 5^ jii.

Comparing now the small forms present in the earlier

case (case A), the parasites are quite numerous in the bone-

mai'row, and to this situation they appear restricted. They

are of varying size, but I have not found individuals quite so

minute as the smallest of those above mentioned. Parasites

which are fairly small, nevertheless, are shown in figs. 46

and 47. The former is 25 fi in length and 3j n wide, the

flagellum alone being as much asOiju; tliese two trypano-

somes coiTespond fairly closely with that of fig. 6 from the

other series, the chief difference being the longer flagellum.

Here, again, it will be seen that there is considerable difference

in the size of the kinetonucleus in the parasites compared.

But on the same slide as the parasite of fig. 46, actually only

two or three fields away, is another individual almost identical

except that its kinetonucleus is nearly twice as large. Com-

pare also figs. 44 and 45, and again, figs. 52 and 53.

Rather larger forms are seen in figs. 49-51. Most of the

parasites in this earlier case, however, are comparable rather

with the wide, stumpy form alluded to above, than with the

fusiform individuals. Typical examples are seen in figs.

52-54. The parasite in fig. 54 has a total length of 27 /u,

the flagellum being 9ju, and its breadth is 5f to 6ju; the

corresponding dimensions of the trypanosome in fig. 53 are
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29 ,u, lO/j, and 6h ft respectively. The flagellum of these

trypanosomes is usually comparatively loii"- (from 9 to 11^),

being often longer than in the largest individuals of the

fusiform kind. The kinetonucleus is always very near the

aflagellar end, which is short and conical. The trophonucleus

varies in shape; it may be moi'e or less rouud, but it is often

considerably elongated in a direction transverse to the longer

axis (figs. 52-54).

It is noteworthy that in this earlier case no forms have

been observed which correspond to the larger fusiform

trypanosomes of the other series (case B). The parasites,

which are no longer very small—which are becoming inter-

mediate in size—such as the individual drawn in fig. 50, are

obviously approaching in character the wide, stumpy forms,

and differ appreciably from the intermediate-sized indi-

viduals of the fusiform variety in the features already

indicated, namely, the broader body, the longer flagellum,

and the abruptly terminating aflagellar part (cf . with figs.

43,44, from the other case).

Many of the individuals in the above-described series of

*' small" parasites, including both fusiform and stumpy

ones, show a cytological peculiarity which is at first some-

what puzzling. This feature is a row or chain of granules,

which take up the red stain strongly, aud which are very

closely apposed to each other, giving the idea of a thick,

beaded line (figs. 42-44, 47-50, and 54). This chain runs

approximately parallel to the flagellar border of the undulat-

ing membrane, often following its curves closely, and it is

frequently more deeply staining and prominent than the

flagellar border itself. It begins near the origin of the

flagellum, and always ceases with the limit of the body, at

the opposite end, i.e. it never becomes free, as anything

corresponding to a free flagellum. At first sight this line

might be regarded as representing a new flagellum, formed
either de novo or by a splitting of the old one, the parasites

showing this appearance being therefore in the act of com-

mencing- division. After studying several of these individuals,
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it is cleai-j I think, that this structm-e has really nothing to

do with a tlagelluin. The line is usually most prominent

in parasites which show numerous retl-staiuing (probably

chromatoid) granules in the cytoplasm; and, in suitable

instances, it can be seen quite well that it is situated at the

edge of the endoplasmic intrusion in the membrane (figs.

42, 47,49). Further, when present, it can usually be traced

right along the course of the membrane from end to end.

If we had to deal here with a case of division or formation

of a new flagellum, individuals showing either an earlier or

later phase in the process might be expected to occur, for

this appearance is not at all infrequent; but I have not

found any such. Again, in most cases, there is not the

least indication of nuclear division. Lastly, in one of the

exceptionally few instances where any indications of division

are present, in addition to the kinetonucleus having divided

into two, the true tlagellum can be seen to be itself double

for a shoi't distance near its proximal end, probably as a

result of splitting (tig. 54) .^ The granular chain is also

present, and, as before, quite separate from the flagellum.

Hence there is no reason for regarding this structure as in

any
J
way connected with a flagellum, much as it simulates

one at times.

The small stumpy tryiDanosome in fig, 41 shows what is

probably an early stage in the development of this line.

Here there is a row of red-staining granules, quite separate,

and not closely apposed to constitute a chain, which run

parallel to the flagellar border, doubtless at the limit of the

endoplasm. The granules are apparently quite similar to

others which are seen in the general cytoplasm. I have no

idea what is the explanation of this aggregation of chroma-

toid granules into a compact chain, lying in the position

described. I have never seen it either in the ordinary

definitive trypanosomes or in parasites of the other large type.

I may add that I have observed the same feature in the case

of a trypanosome from a blackbird (Turd us merula), at

' C f . also the micro-pliotograph reproduced in fig. D.
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Rovigiio, the parasites which showed it being also of the

same type of form.

There is still another variety of form to be mentioned,

which occurs in case A (in the bone-marrow). This is a

fairly small trypanosome (figs. 55 and 50), which is very

narrow in proportion to its length. The aflagellar end is

comparatively long and finely drawn out, and may approach

the attenuated condition. The flagellum is fairly short, and

the undulating membrane has well-developed folds. The
dimensions of the individual in fig. 55 are: total length, 27/x,

breadth (including membrane), 3 /,<, and length of flagellum

6| ju. The kinetonucleus is relatively large. These parasites

strongly resemble in appearance young ordinary or definitive

trypanosomes.

With regard to the multiplication of these small forms the

only evidence I have been able to obtain is very slight.

I have observed three or four individuals (and not more)

of the wide stumpy kind from case A, in which the kineto-

nucleus is in two parts (figs. 48 and 54) ; and in one solitary

instance, just alluded to, the flagellum is partially doubled.

In no case have I seen two trophonuclei. The condition in

fig. 48 is the nearest approach to trophonuclear division that

I have observed ; this may represent commencing division

because other organellas of this parasite are dividing. The
flagellum has not yet begun to divide, but as a prelude thereto,

the centrosomic granule at its proximal end ("blepharoplast ")

is clearly double. So far as the fusiform series (of the other

case) is concerned, I have observed absolutely no signs of

division at any phase.

G-eneral Remarks.—The significance and relation to

each other of all these manifold forms of the trypanosome is

a somewhat difiicult question. Where transitional forms

or division phases occur they afford, of course, consider-

able help. Beginning with the small forms, the stumpy
parasites of case A, in which indications of division can be

found, probably give rise, as a result of that process, to small

individuals like those in figs. 46 and 47, which grow into

VOL. 55, PART 4. NEW SERIES. 45
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somewhat larger individuals of the fusiform type (figs. 49

and 51). The stumpy trypanosomes themselves ai-e best

regarded, I think, merely as division-forms of young to

medium-sized individuals of fusiform type. Hence, in this

case, it may be said that the fusiform parasites present are

of small to medium size and tend to multiply, by passing

into the stumpy division form, rather than grow, at any

rate at this period, into large trypauosomes. Next, with

regard to the very thin, slender forms (e.g. figs. .5.5 and .56) :

when first seen they appeared in such sharp contrast to the

prevailing stout type of parasite that I was somewhat dis-

posed to think they represented male forms. As above

mentioned, however, I am now more inclined to look upon

them as young definitive parasites, which would grow into

medium-sized ones, such as those in figs. 4 and 31, and so

to full-grown adults, as in figs. 2, 28 (all from this series).

Turning again to case B (the later case), we find no

ordinary forms present. Fusiform individuals of medium

size are not uncommon, and between these and very small

forms parasites of all intermediate sizes occur. There are

very few stumpy forms, and none of those found show any

actual signs of division.^ Hence, the main condition here is

undoubtedly a series of steadily growing fusiform individuals.

There remain two or three interesting questions in con-

nection with the different type or phase of the infection

occurring at different periods, in regard to which I can only

put forward those surmises which seem to me the most

probable. In the first place, comparing the condition found

in a chaffinch (case B), in the summer, with that obtaining in

a redpoll in the early autumn, where the parasites are mostly

of the large massive type (e.g. figs. o4-.36), I think it is

most likely that the fusiform parasites of the former case

(such as those of figs. 44, 45), would grow ultimately into

individuals corresponding to those of the latter. The body-

form is essentially similar in the two cases. The size of the

1 It is possible, however, that the two or three small stumpy indi-

viduals seen in this case may be about to divide.
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parasites found in the autumn is of course greater, but the

difference is not relatively more than that between the larger

and the smaller fusiform individuals in the summer. A
difference which might appear of more importance is that in

the character of the cytoplasm in the two cases. This can

probably be explained, however, by supposing that the

cytological features shown by the large massive individuals

in the redpoll have become more developed and consequently

more prominent, as a result of the increase in size. And, on

the other hand, there is no evidence whatever that the

fusiform parasites will pass directly into the characteristic

ordinary type.

Assuming, then, this connection between these two

sets of forms, how are we to explain the condition met

with in the winter and early spring, when the only type

of individual in the blood is the ordinary definitive form ?

The answer to this depends largely, I think, on what

significance is to be assigned to the large massive forms just

referred to. Ai-e they to be considered as sexual individuals

—of the female type ? This is, of course, possible, but more

than that cannot be said. And if this is the case, I certainly

do not know which are the individuals of male sex; there do

7iot appear to be any forms present at the same time which

could be so regarded. On the other hand, I think it is at

least quite as probable that the massive individuals have

grown to this size prior to multiplication ; they may later

undergo some process of multiple fission or segmentation,

occurring in one of the internal organs, and so give rise to

the small forms. This supposition would fit in very well with

the condition found, for instance, in case A (in the spring),

where, as we have seen, small parasites are numerous in the

bone-marrow, along with the ordinary forms, the latter being

probably to some extent replenished from them. And here

there are no signs of the large massive individuals. At all

events, in view of Chagas' recent important work (2), showing

that a new human trypanosome, Schizotry panum cruzi,

has a method of multiplication by multiple fission or
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schizogony, I tliink it is not at all unlikely that naturally

occurring trypanosomes—about whose life-cycle in the Verte-

brate host very little is yet really known— 1x1:13' show some

such schizogonic process more commonly than has hitherto

been supposed.^ In default of such a pi-ocess in the present

case, I have no idea how the small forms are developed, since

they certainly do not appear to be derived from the adult

ordinary individuals.

Another question is, What becomes of the ordinary, definitive

forms of the trypanosome ? As I have obtained many suc-

cessful cultures from birds where this was the only type

present in the blood, the natural inference would be that

this form can be transmitted to the insectan host ; but the

same applies equally, it must be noted, to the fusiform

parasites of case B, since I obtained cultures from them also.

And I cannot be certain that both these types would develop

naturally in the insect. Some of the ordinary forms, later

on in the season, may pass into the large, massive type ; this

is not at all unlikely, if the latter is really a multiplicative

form. The individual di-awn, for instance, in fig. 39 may
perhaps represent an intermediate stage in such a transition.

Another possibility, of course, is that this definitive type

disappears altogether in the summer, its place being taken

by the fusiform type; the condition of the infection would then

correspond with that of case B. I do not think this is likely.

Case B most probably represented a recent infection (see

below) ; in such the condition may quite likely differ from that

found in an old established infection. Moreover, in the earlier

case A (about the middle of March), parasites of the ordinary

type are quite numerous, and do not look like disappearing;

and further, in the autumn, in the redpoll, this type is also

present.

It remains for me to say a few words with regard to the origin

> A most interesting piece of evidence hearing iipon this point is

supplied by Minchin (12). who mentions and figures the occiirrence of

a large individual of T. perea?. which is apparently in an encysted

condition. Such a form might very well l^e about to undergo schiz ogony

.
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of the infection in this later case B, the chaffinch in which

there was also an abundant halteridial infection. As I have

stated in my note (38) on this interesting Halteridium, I

was at the time inclined to think that the very small trypano-

somes might have been developed directly from the

Halteridia. Paying attention, for the moment, only to the

trypanosome side of the question, in addition to the faet that

in this case we have certainly to do, not with division, but

with growth and increase in size from the minute forms up to

comparatively large ones, there were other reasons which led

me to take this view. This chaffinch, originally free from

trypanosomes, was inoculated with cultural forms, but the

subsequent course of events was very different from that in

the case of the other successful inoculation described. In the

latter case the parasites soon became comparatively numerous

in the blood, whereas in the former they were not found at

all at first, and only after some weeks were they shown to

be actually present, by tubing (for further details, cf .p. 660).

When at length they did become sufficiently numerous to

be found without difficulty in stained preparations, they

proved to be, as Ave have seen, quite different in form from

the ordinary individuals developed in the other case. Hence,

takino- all thingrs into consideration, I considered that the

trypanosome infection was probably not due to the inocula-

tion (which, in several cases, it must be remembered, did fail),

but to the presence of Halteridiura.

I admit now that I have changed my opinion about this

case since writing my former note. In spite of the many

features which seemed either to point strongly to this view,

or at least to favour it, I think after all the trypanosome

infection was not really connected with the Halteridial one, but

was due to the inoculation (for further discussion of this subject,

see under Halteridium). There remains the question. Why
was the course of the infection so different in the two cases ?

Of course, in the one case where the parasites developed

quickly, the inoculation was made with cultural forms which

had come from a redpoll, while in the other they came from a
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chaffinch; but I do not think this sufficiently explains the

difference, because evei-ything points to the species being the

same in both birds. Since I have been able to study my
cultural forms, I have come to the conclusion that the pro-

gress of the infection may have been so different, on account

of a (lifTerence in the condition of the two cultures. The

chaffinch-culture, from which resulted, we must suppose, the

slowly developing infection, was one of six days' age, and

certainly contained the characteristic trypaniform individuals

to be subsequently described (cf . below, p. 690) ; for permanent

preparations were made at the same time which showed this

type. On the other hand, the redpoll culture used in the

other (earlier) case was a fairly old original one of fifteen

days
;
pi*eparations were not made from this culture actually

on the day Avhen it was used for inoculating the bird, but in

smears taken a couple of days before, none of these forms had

been seen; the culture appeared quite healthy, and consisted

almost entirely of the usual trypanumonad forms, to which,

presumably, the infection must be ascribed.

It is an interesting question in which of these cases the

course of the infection, so very different in the two, more

nearly resembles that occurring naturally, i.e. by the inocu-

lation of the right developmental forms from the insect.

As will be seen on reference to one or two papers discussed

below (p. 709), the remarkable trypaniform type alluded to

is thought to be probably the true propagative form, which

produces the infection of the vertebrate host. If this is so,

it would seem to follow that the later case (case Bj, where

the infection developed slowly, agrees most with the course

of events in a natui*al infection.

(b) The T ry p an o somes as Found in Cultures.

Before beginning an account of the cultural forms, one

or two iutroductor}^ remarks are necessary. When I com-

menced to make use of the cultural method, I did so solely

because, from Xovy and McXeal's work (14), it was evident
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that it is of very great service in ascertaining whether a

bird is infected with trypanosomes or not. I think now
that I must have been unusually fortunate in my first

experiences of the culture method.^ T had no difficulty in

getting the parasites to develop in my cultures, and, more-

over, in a perfectly healthy manner. I soon had no trouble

in distinguishing between what could be regarded as normal

types, of regular occurrence, and what were abnormal, irre-

gular forms. Hence, I admit that I modified my former

attitude towards this method, and came to the conclusion

that the cultural forms were probably, for themselves, well

worth studying. I claim some excuse for my earlier opinion,

since at that time this method had only begun to be adopted

for trypanosomes, and in the eai'ly descriptions of cultural

forms most of the figures depict what can only be described

as altered appearances, which certainly belong to the cate-

gory of abnormal phases. As a result of my own work, the

view I now hold, and which I have expressed in my article

in Lankester's 'Protozoa' (39), is that the cultural forms of

trypanosomes may afford indications of value as to the

developmental phases of the parasites occurring in the

invertebrate host.

As I have already indicated, the chief cultural forms

developed from the trypanosomes in the redpoll are quite

similar to, and practically indistinguishable from, those to

which the parasite from the chaffinch gives rise. I have

had, however, a much greater number of successful cul-

tures from the latter bird tlian from the former; hence I

have found a greater variety of intermediate phases in my
cultures from the chaffinch, and have had the good fortune,

moreover, to observe one or two particular phases which I

have not seen in cultures from the redpoll. This is doubt-

less due, however, mei'ely to lack of sufficient material in the

1 I may mention incidentally that I have since had a full measure of

the trials and troiibles which may attend the cultural method, for at

Rovigno, in connection with the trypanosomes of the little owl, I had no

success at all with it.
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latter case, and I have uo reason whatever to think that one

set of cultural forms shows any intrinsic differences from the

other, which would imply that the trypanosomes from the

chaffinch and the redpoll, respectively, are distinct parasites.

The predominating type of the trypanosome in the cul-

tures is a well-defined and characteristic form, which may be

termed the trypanomonad form of the parasite, deriving

this convenient general designation from one of the various

alternative (synonymous) names (viz. Trypanomonas)
given by Danilewsky to certain parasites described by him.

This type is elongated and slender, the width usually varying

but slightly in the middle of the body, and diminishing more
or less gradually towards the atlagellar end. The essential

diagnostic characters are : (1) The two nuclei are always

close together, and situated eioher about the middle of the

body, or else distinctly in the aflagellar half ; and (2) the

fiagellum is attached for some distance to the side of the

body, forming a distinct undulating membrane. The mem-
brane may be at times fairly prominent, and possess a wavy
edge, indicating a slight development of pleats or folds.

The kinetonucleus is never near either end of the body. It is

important to note that the flagellar end of the body is drawn
out with the flagellum, as it were, and ultimately thins away,

leaving the tlagelluni free. This condition is of very general

occurrence, of course, among trypanosomes (as seen in the

blood), and is the natural consequence of the presence of an
undulating membrane. In respect of all the above features,

therefore, the trypanomonad type differs essentially from a

herpetomonad form.

Typical examples of the trypanomonad form, showing para-

sites of medium to large size, are seen in figs. 7, 8, 71-75, and
figs. 13, 77-79, from preparations of cultures from the chaf-

finch and redpoll respectively. To give an idea of the size

of these forms, three principal measurements may be taken :

(a) length of body alone, (b) greatest width of body, and
(c) length of free fiagellum. These dimensions, in the case

of some typical individuals, are as follows (in^) ; fig. 72— (a)
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21, (B) d, (c) 9; fig. 73-(a) 25, (b) 2^, (c) 10 ; fig. 7— (a) 25,

(b) 2^, (c) 29 ; fig. 75— (a) 26, (b) 3i (opposite nucleus)
;

(c)

11; and again, fig. 79— (a) 21, (b) 2^, (c) 15; fig. 77— (a)

23, (b) 3, (c) 19 ; fig. 88— (a) 26, (b) 3^ (opposite nucleus),

(c) 14. The measurements are given in a slightly different

manner from that adopted in the case of the parasites when

in the bird. In the cultural forms the length of the body-

by itself affords a better means of comparing the size of

different individuals than the length of the body plus that

of the flagellum. This is because of the great and

apparently indiscriminate variation in the length of the

flagellum, which cannot be said to bear any relation to that

of the leugth of the body. This is well seen by contrasting

figs. 80 and 81, from a redpoll culture, with figs. 84 and 83,

respectively, from achafiinch culture. This diversity is chiefly

due to the manner of division, as will be explained shortly.

Smaller forms, very similar in appearance to some of the

larger ones indicated, are seen in figs. 85 and 86; the

former is 17 by If/i and its flagellum 7hfji. The smallest

parasites observed, however, belong to, or result from, a

slightly modified variety of the above type. This is somewhat

different in appearance (figs. 8, 97), but it really represents

only another facies, as it were, of the same trypanomonad

type, from which it is derived by the gradual drawing back

of the nuclei well into the aflagellar half of the body, and by

a somewhat modified manner of division which is then

found (concurrently).

As the process of multiplication plays an important part in

tlie development of these various forms, it may be as well to

give a general morphological description of it here before

proceeding farther. The mode of division by which the

long, slender trypanomonad forms are produced is that of

equal or subequal fission of the body. Sometimes the two

daughter-flagella are practically equal (figs. 11,96), but in

the majority of cases one of the flagella is distinctly longer

than the other (figs. 91-95). In all the instances I have

noticed, the division of the cytoplasm begins at the flagellar



684 H. M. WOODCOCK.

end. It generally happens that, as the split extends, the

parasites tend to separate from one another, turning out-

wards, away from each other as it were (figs. 92, 93) ; eventu-

ally the two daughter-individuals come to lie in one line (which

may be more or less curved), with the flagella,waving freely

at opposite ends, the parasites only remaining connected by

what is actually the still undivided aflagellar end (figs.

94, 95). The fact, therefore, that we may find either equal

or sub-equal cytoplasmic division in which the daughter-

flagella differ considerably in length, explains the great

variation in this respect which is met with amoug the

ordinary trypanomonad individuals.

In many cases the division of the two nuclear bodies does

not take place in a direction quite transverse to the long

axis of the body, but in an oblique direction, one pair of

daughter-nuclei lying somewhat nearer to the aflagellar end

than the other pair. In this manner are produced forms

such as are seen in figs. 8, 97, and 100. These individuals

in which the nuclei have progressed into the aflagellar

part of the body have the undulating membrane very well

developed; it may be said that the trypanomonad condition

is here accentuated. In such forms of the parasite the

mode of division is also distinct, being markedly unequal in

character (figs. 98-100). The two resulting individuals are not

of the same type (cf. figs. 12, 103, and 107). One, the larger

parasite, is of the same type as the parent individual, and

possesses fi-om the first a conspicuous membrane, but the

other, the smaller daughter-individual, is at first pear-shaped

and stumpy, and has only a short, inconspicuous membrane.

This mode of division presents a general resemblance, it will

be noted, to one of the types of division characteristic of

T. lewisi. Indeed, in the present case, the process might

also be regarded as a " budding-off " of a daughter-

individual from the parent. I have never observed, how-

ever, more than one bud formed, i.e. the process appears

always to retain its character of binary fission and never

to be of the multiple type. AVhen set free, the smaller
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daughter-individual elongates a little and becomes spindle-

shaped instead of pyrifonn ; the membrane also becomes

more conspicuous. I have not seen any transitional phases

between these fusiform individuals and the type represented

by the parent form, and have therefore no indications as to

whether they (the former) grow or otherwise pass into the

accentuated trypanomonad type again. By successive multi-

plication according to this manner the size of the parasites

become considerably reduced. In fig. 102 is seen a vei*y

small couple of the kind described. Examples of free

parasites, of different sizes, representing accentuated trypano-

monad daughter-individuals are given in figs. 105 and

108-110, 108 being from a redpoll culture, the others from

a chaffinch one. The smallest form (fig. 110) is lOh ju long,

its flagellum is IS fi, and its breadth is 2^ ju. The small fusi-

form parasite of fig. Ill, representing a pyriform daughter-

individual, is 9 fx long, its flagellum is 7^ ju, and its width 2^ ^.

The great majority of the pai-asites in thriving cultures

belong to the above-described types. After a fresh culture-

tube has been inoculated (from a bird) about five days,

by which time the trypanosomes have generally multiplied

sufficiently to ensure that there will be a fair number of

parasites on a permanent smear—in other words, that an

individual can be found without much searching—practically

all the parasites present conform to the trypanomonad type.

And up to the end of a week or so this type persists with

great constancy^, notwithstanding the rapid multiplication.

The only variations that are numerically important are those

already indicated, in the direction, that is, of an accentuated

trypanomonad type and of a fusiform one. Further, if a

sub-culture of these normal forms is made (preferably not

later than the seventh or eighth day) the development of

similar forms continues steadily in the sub-culture. Thus

the parasites drawn in figs. 74, 109, are on a preparation

from a second sub-culture, and the total interval that had

elapsed since the blood was originally taken from the bird

was twenty-six days, or over three weeks.
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Certain other phases or developmental forms of the trypa-

nosomes, however, have been encountered in cultures which

were in a normal healthy conditiou, but these have been,

as a rule, scanty in number, contrasting markedly with

the abundance of the prevailing types. In cultures of

six or seven days' age or more a small percentage of the

individuals—and usually only a very small percentage—show

a tendency to lose the fusiform or more active type of form,

and to develop a pear-shaped or rounded, more passive type

of form. In most of my culture-series (including sub-

cultures), these pyriform or ovoid forms are very infrequent

and have to be carefully searched for, even on slides where the

ordinary parasites are most abundant. The individuals of

this character are generally of medium, or less than medium

size, but occasionally are large and massive. Pear-shaped

forms are seen in figs. 112-114, that of hg. 113 being from a

redpoll culture, the others from different chaflBnch ones. The

dimensions of these parasites (Hagellum excluded), are, for

example, 8 fi by 5 /i (fig. Ho), and 6^/1 by 3f /« (fig. 114),

Medium-sized ovoid forms are 8/i by 6/x (figs. 116 and 117).

The large ovoid individual of fig. 118 is 13yu by 7ju and has

a very long flagellum ol 24 fx; the small corresponding form

(hg. 115), is 6 fi by 4ju. Although I have distinguished

these parasites as more " passive " forms, it is difficult to

know whether to regard them as being about to enter on a

" resting-phase," for in all cases where 1 have observed them

in what were normal, healthy cultures, these individuals

possessed a flagellum. I may mention here that the only

instance where I have found rounded-ofl: parasites which

lacked a Hagellum was in a culture (original), nineteen days

old, which was full of atypical, altered forms (cf. below,

p. 696).

This type of parasite, whether pyriform or ovoid, to

rounded, is almost certainly to be derived from forms in

which the alteration in nuclear position has occurred, and in

which the modified method of multiplication, by unequal fission,

has made its appearance. Pear-shaped individuals, such as
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those of figs. 112 to 114, are probably simply the smaller

daughter-individuals which have retained the pyriform shape,

instead of taking on the fusiform, more active one. On tlie

other hand, most of the ovoid or rounded forms, especially

where they are of medium to large size, would seem to

ai'ise from the accentuated trypanomonad type of dauo-hter-

individual. Transitional phases can be found, showing

different degrees in the retraction of the drawn-out flagellar

end and the concurrent reduction or disappearance of the

undulating membrane. Thus, both the large and the small

ovoid individual (figs. 115 and 118) have still a delicate but

distinct continuation of the body along the proximal part of

the flagellum, which doubtless corresponds, for the most part,

to undulating membrane. And in others of these rounded

forms, indications of the original membrane are still afforded

by the attachment of the flagellum to the side of the body for

some distance, the flagellum curving with it—at times partly

curling round it, as it were—before becoming free (fig. 119).

In general these rounded forms of the parasite do not,

apparently, undergo division. In most instances where I

have observed these forms, they are, as I have mentioned, of

small or only medium size, and these never show indications of

division. One of my culture-series, however, for some reason

or other for which I was unable to account, but which was

probably due to some variation in the condition of the culture

medium, behaved differently from the usual manner. In this

culture a pronounced tendency in the development of the

parasites was the production of large, massive forms, which

are sometimes ovoid or rounded in shape. Examples are seen

in figs. 120-123. The parasites in my preparations of this

series (taken when the culture was seven days old) are

certainly not degenerate or abnormal ; this is clearly shown

by a comparison of their structure with that of distinctly

atypical or degenerate forms (c f . below, p. 693). There is

none of the irregular multiplication of organellae, nor of the

alteration in the cytoplasmic constituents which is apparent

in the latter. I consider that the unusually large proportion
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of broad or ovoid massive foi-ras in this series was probably

due to a greater growth activity than was usually met among
the cultural parasites. And just in this case, it is interesting

to note, I have found not infrequently various stages of

division in ovoid or rounded individuals (cf . figs. 121, 123—

125). Making allowance for slight differences due to the

more massive form, the process appears to follow, in the main,

the unequal method of fission. In all these forms, whether

dividing or single, it may be as well to state, the flagellum

was present ; none of them showed any signs of absorbing or

otherwise losing this organella.

The next type of cultural form of the parasites which I

have to describe is quite distinct from the preceding ones,

being markedly trypaniform. By the term trypaniform is

understood the condition characteristic of a trypanosome,

where the kinetonucleus lies much nearer to the aflagellar

end of the body than does the trophonucleus, and where,

consequently, the flagellum is attached by an undulating

membrane along the greater part of the length of the body.

In ray cultures I have found trypaniform phases, differing

slightly in character, at two different periods of the develop-

ment. As regards one case, I came across this type of the

parasites rather accidentally as it were, in the following

manner. I inoculated culture-tubes from the chaflBnch which

had a strong halteridial infection, in addition to small forms

of Trypanosoma fringillinarum, in the peripheral circu-

lation. These culture-tubes were examined much earlier

than it was my custom to do, namely after forty hours had

elapsed. This was not on account of the trypanosomes, as

I knew from former experiences that at this early period

they would probably not have multiplied sufficiently for me to

be able to find an individual on a smear without prolonged

searching ; it was because I wished to see what development,

—if any—was undergone by the halteridia in the culture.^ In

examining a good living drop to see if I could find any halte-

ridial ookinetes, I noticed one or two trvpanosomes which

' See below, p. 727.
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were very active, travelliug- much more rapidly than was

customary in the case of these cultural forms. In the coui-se

of looking for halteridia on a permanent smear (made at the

same time), I happened very fortunately to come across a

trypanosome, and this was so different from the usual trypa-

nomonad type that I subsequently examined my preparations

of this series thoroug-hly to ascertain whether this was the

prevailing type. Unfortunately the trypan osomes are very

scarce, only three or four on a large film. It is noteworthy,

however, that all the parasites seen as a result of systematic

searching are in the same trypaniform phase, and show only

slight individual variations.

The type is extremely thin and slender, the parasite having

a distinctly vermiform appearance (figs. 10, 126, and 127). The

body is from 21 to 25/iin length, excluding the flagellum,

and its greatest breadth only from Ij to 1^^. The aflagellar

region is very long and finely tapering. The kinetonucleus

is far removed from the trophonucleus, and generally lies

about midway between the latter and the aflagellar extremity.

Its actual distance from this end varies from 6 to 9^, depend-

ing upon the degree of attenuation. The undulating mem-

brane is in most cases very narrow, and practically distin-

guishable only by its flagellar border. In some individuals

the flagellar border originates, not in close proximity to the

kinetonucleus, as is usually the case, but from a point some

little distance beyond, i.e. on the aflagellar side of the

kinetonucleus (figs. 10, 127). A distinct granule (blepharo-

plast or basal granule) can often be made out at its com-

mencement. The length of the free flagellum is from 8 to

11/t. The trophonucleus, instead of being the usual shape,

namely, oval or rounded, is considerably elongated in the

long axis of the body, this being in relation, in all probability,

with the narrow form.

The other instance of the occurrence of parasites of a

trypaniform type in my cultures was in a series from a six-day

(original) culture of the chaffinch-form, taken when the

trypanosomes, of the ordinary, definitive type, were very
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scanty in the blood. 'J^he p;irasites are numerous, nearly all

being, of course, in one or tlie otlier variety of the trypano-

tnonad phase. Exceptionally, however, individuals occur

which show the trypaniform condition; for example, on a

smear containing between two and three hundred parasites

there are four or five such, three of which are drawn in

figs. 129-131. I have not found any which correspond

exactly to the individuals of this type just described. The

pai'asite in fig. 129 approximates faii'ly closely to those of

figs. 126 and 127, but it is distinctly shorter and relatively

not quite so slender. The two other individuals, on the other

hand, while altogether much larger, are still vei-y slender in

proportion to their length ; and in these the aflagellar part is

veiy prolonged and vermiform. While agreeing in general

form and character with the parasite, for instance, of fig. 10,

they represent, it would seem, an older, later condition. The

individual of fig. 180 has attained, probably, the fullest deve-

lopment of this type, at least as far as the culture is concerned

;

it constitutes, I consider, a most important phase.

The length of the body alone is 36 fi, and its greatest

width 2 fx ; the distance of the kinetonucleus from the

aflagellar extremity is H-r f^-
The free flagellum is only 8/u

long. The trophonucleus of this individual presents a

remarkable appearance (fig. 130). The chromatin is arranged

in a series of short transverse bars, forming a longitudinal

row—hence the description "ladder-like." I have found a

quite similar condition in two other examples of this type
;

but in the other large vermiform individual I have figured

(fig. 131) the chromatin is not arranged in such a definite ladder-

like manner, but appears to form a faii'ly regular double row

of grains.

None of the trypaniform parasites which I have found—in

either case—showed any indications of division.

The types above described include all the cultural forms of

the trypanosome observed, which I have no hesitation in

regarding as perfectly normal and regular. As I shall

mention more particularly later, they are closely paralleled
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by flagellate forms known to occur in various blood-sucking-

invertebrate hosts.

I may now conti'ast with them certain other cultural forms

found, most of which I have equally little hesitation in con-

sidering as abnormal or atypical forms, developed by the

parasites as a result of unfavourable conditions in the medium.

These forms are found in old, original cultures of, say,

twelve days or more, in which multiplication has gone on to a

very great extent. It must be boriie in mind that sucli a

medium no longer corresponds at all to any condition met

with in an insectan host. In an insect, the digestion of the

imbibed blood—the medium of the parasites—and its absorp-

tion ;ire completed in the course of a few days at most; by

this time the parasites remaining in tlie digestive tract have

passed into the resting, attached phase. In an old culture,

on the other hand, the fluid medium is still present, presumably

containing a certain amount of nutriment of a kind, but now
considerably altered in character by the addition of waste

products of the metabolism of the parasites, which have

doubtless a deleterious action on the trypanosomes. In sub-

cultures made at sufficiently short intervals, these abnormal

forms are usually not found at all. In this case it is as if the

transferred parasites remained continuously in a pure medium,

which may be looked upon as a substitute for the medium

in the stomach of the insect—at any rate during the early

period of digestion.

A most interesting feature of the morphology of these

forms is that very few of them show the trypanomonad phase;

neai'ly all the parasites have passed into a more or less

herpetomonad-like condition. The earliest indication of an

alteration in the character of a culture is afforded by the

appearance of such forms. They are to be met with in

cultures of ten or twelve days and onwards. At first, of

course, these individuals are very few in number.

Examples of this " pseudo-herpetonionad " condition, as I

propose to term it, are seen in figs. 140-146 ; figs. 140, 145,

and 146 are from a chaffinch culture of twelve days; fig. 141
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is from a redpoll culture of nine days, and figs. 142-144 from

one of nineteen days. The body is fusiform to long and

slender in shape. The two nuclei are situated distinctly in

the flagellar half of the body ; they lie usually fairly close

together. The appearance of the flagellar end of the body

and its relation to the flagelluni is in general intermediate

between that found iti the trypanomonad type and that in a

tj^pical herpetomonad form. The flagelhim itself is only

connected with the body for a comparatively short distance,

and is usually not obviously attached along one side of the

body to any extent (figs. 140, 141, 148, and 144) ; hence there

are no indications of an undulating membrane. This proximal

portion ot" the flagellum is, in the majority of cases, chiefly

intra-cytoplasmic, constituting simply a rhizoplast, and corre-

sponding to the i-hizoplastic part of the flagellum in the

trypanomonad forms (before it passes to the surface to become

the border of the membrane). On the other hand, the flagellar

end of the body, while sometimes fairly sharp and acute,

approximating to the condition in an ordinary herpetomonad

(cf. figs. 140, 141, and 147), may taper more or less gradually

(figs. 142, 144, and 145) ; hence, in these cases, where it is drawn

out a little with the flagellum, the latter may be regarded as

"attached" for a short—or very short, distance. For this

reason, and because the two nuclei are closer together than is

customary in a herpetomonad, this condition is preferably

distinguished as pseudo-herpetomonad. The difference will

be readily understood when it is remembered that all these

individuals are derived from trypanomonad forms by the

more or less complete loss of the undulating membrane and

its attached flagellar border; hence, of course, parasites

showing' all manner of intermediate stages in the process ai*e

to be met with.

In the early formed individuals of this pseudo-herpeto-

monad variety there is nothing about them to indicate that

they are actuall}' abnormal or unhealthy. As I shall discuss

subsequently, however, I think it is very probable that the

occurrence itself of this unusual condition is the consequence
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merely of the unusual euviroumeut ; I am very doubtful

whether it can be regarded as representing a normal phase

of the life-cycle. In any case^ however, as the age of a

culture increases, and these fonny multiply and predominate

—the trypanomonad phase as quickly declining—numerous
irregular forms of the parasites are met with, which are

manifestly unhealthy. As might be expected, the form and

size of these individuals varies considerably (cf. figs. 145—

154, taken either from a twelve-day chaffinch culture or from

a nineteen-day one from a redpoll). Some of them are long

and narrow, others pear-shaped, while others are large and

massive, ovoid, or of ill-defined shape.

The abnormal condition of these forms is particularly

indicated by certain cytological characters, which I have

never observed in normal individuals. A common feature is

the occurrence of a peculiar altered appearance in the neigh-

bourhood of the rhizoplastic part of the fiagellum. Some-
times there is a cluster of red-staining granules in this region

of the cytoplasm (figs. 145, 146). In the more massive

forms there is usually a greater or less amount of a diffuse,

indefinite substance, which also stains red. This substance

is often more or less streaky in form, one or more streaks

commencing in the neighbourhood of the rhizoplast and

running" backwards in the cytoplasm for a short distance

(figs. 150, 151, and 153). In a few individuals the streaky con-

dition is combined with the occurrence of the granules (fig. 152).

I am unable, unfortunately, to offer any certain explanation

of this interesting character, owing to the fact that I have

only had material stained with Giemsa in which to observe

it ; very likely the appearance is different after other methods

of staining. So far as the granules are concerned, they do

not differ in their staining reactions from the ordinary

chromatoid granules which are often found in normal

trypanomonad types ; the latter, however, are scattered more
or less generally throughout the body, whereas the particular

granules under consideration are always concentrated near

the rhizoplast. Hence, it is not certain that the granules
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have the same significance in the two cases. With regard to

the curious streaky substance, its position in relation to the

basal part of the fiagellum certainly suggests some association

with this organella; it seems to me not at all unlikely that

its presence is connected with the disappearance of the

trypanomonad character, and, indeed, a comparison of figs.

119, 149, and 150 prompts the query whether it may not

possibly represent the remains of a flagellar border which

has been actually absorbed by the parasite in the case of

some of these massive forms.

Another cytological character often apparent in fairly old

cultures is vacuoHsation. One or two small vacuoles in the

cytoplasm may be seen occasionally in individuals of quite

regular form ; but, on the whole, in my cultures parasites

belonging to the definite types recognised above are free

from vacuoles. The occurrence of a few small vacuoles in an

individual doubtless signifies nothing very abnormal ; when,

however, the cytoplasm either appears practically full of

vacuoles, or else contains one or two huge ones (fig. 154), this

ought most probably to be considered as an unhealthy sign.

Very marked indication of a disturbance in the mutual

balance of the various cell-constituents is frequently seen in

an irregular distribution of the nuclear organella^. Parasites

with two trophonnclei and a single kinetonucleus are not

uncommon (fig. 156). These are not to be interpreted as

individuals which are in an early stage of division, the process

having been begun by the trophonucleus. On the conti-ary,

they are the result of a division in which the nuclei have

been unequally apportioned between the two daughter-para-

sites. This is clearly shown by fig. 157, where the cytoplasm

is splitting in such a manner that one daughter-individual has

both the ti'ophonuclei and the other only a kinetonucleus.

The remarkable feature is that these forms without a tropho-

nucleus can live alone, at any rate for a certain length of

time, for I have observed four or five examples in the course

of examining my slides of this series (fig. 155). I have

never found an active, flagellated form with a trophonucleus
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but without a kinetonucleus. In some of the large massive

parasites numerous nuclei and flagella are present (figs. 162

and 163), tlie number of the different organellge not by any

means corresponding. Successive multiplication of the latter

has taken place without concurrent division of the cytoplasm;

later, the cytoplasm would probably split into three or four

portions, and it might very well happen as a result that

one of the individuals thus formed would be happy in the

possession of three trophonuclei (fig. 158).

Another interesting irregularity in division is met with

rarely. This consists in the unequal splitting, longitudinally,

of the cytoplasm of certain large individuals, a thin form,

with (fig. 159), or possibly withovit (fig. 161), a flagellum

being cut off from the side of the parent. An important

point is that these forms have no definite nucleus of either

kind—i.e. they are apparently without both tropho- and

kinetonucleus. In fig. 161 the individual— if such that

portion of the cytoplasm can be termed—about to be cut off

has a clump of granules, but that in fig. 159 has nothing at

all. I have not observed a narrow form of this kind actually

free ; in fig. 160, however, an active pear-shaped individual

is drawn which also has no definite nucleus, but which possesses

many red-staining granules. I have no doubt whatever that

these forms are purely " freaks," the result of a degenerative

mode of division, and die off quickly after being set free.

There is a general resemblance, it will be noted, between

this production of enucleate forms, in my cultures, and the

formation of sickle-like (so-called "spirillar") forms in

cultures of Leishmania donovani, described by Leishman

and Statham (8). It is highly pi-obable that, in that case,

too, the process is due to an abnormal condition of the

Leishmania parasites (which, of course, ultimately degene-

I'ate and die off in cultures), and that such forms have nothing

to do with any natural developmental phase in the insectan host.

Reference has been made already to the occurrence of

rounded forms lacking a flagellum. These have been seen

only in an old culture of nineteen days, in which they are not
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infrequent. A few are iiiediuin in size (fig. 135), but most
of them are small (figs, 137, I'SH, and 139). It is quite

obvious from their appearance tliat these forms of the

parasite, in the culture at any rate, are not merely " resting,"

persistent j)hases, but ai-e degenerating and dying. And it

is interesting to note that the process of degeneration takes

place by a gradual disappearance of the nuclear elements.

These no longer stand out, sharply stained, in the cell. They
lose their distinctive affinity for the stain and become less

and less distinguishable from the general substance of the

body ; at the same time they tend to diminish in size, as if

they were being dissipated in the cytoplasm. The last stage

of the parasite is an indefinite body, which stains a dull or

faint red. Hence, so far as the cultural forms are concerned,

all the evidence I have goes to show that the loss of the

flagellum means a])proaching degeneration and death (con-

trast, for example, the parasite of fig. 136 and that of

fig. 138, which are on the same slide and within a few fields

of each other).

The above description includes all the different types and

the chief varieties of form which I have observed among the

trypanosomes in cultures.

Agglomeration.—I have, next, a few observations to

make upon the charactei-istic feature known as agglomeration.

I have seen many instances of this occurrence in my cultures.

I have never found it in early original cultui-es (i.e., of less

tliMU six or seven days), nor in subcultures. Agglomerated

clusters are only met with when the paiasites have become

abundant in the medium. The clumps are of all sizes, from

small ones composed of a few individuals (a dozen or less)

up to large masses containing hundreds of parasites. Xow
and again, in these large aggregations, the parasites are

clustered round more than one centre, i.e. in these cases

there is an approach to the condition of secondary agglomera-

tion, distinguished by Laveran and Mesnil from primary^

(single) clusters. In all the clusters seen the parasites have

their flagella directed towards the centre of the rosette.
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On more tliau one occasion I have noticed the coinmenciui>-

formation of a clump in a cover-slip preparation of living-

parasites^ where every field contained numerous individuals.

Here and there are small numbers of parasites, which have

become entangled by their flagella, the distal portions of

which appear to be inextricably intertwined.

Once started, the iiicrease in size of cluster may take

place in two ways : (1) by the addition of fresh individuals

from the surrounding medium, which are continually being-

attracted ; and (2) by the multiplication of forms already

present. The increase is undoubtedly due much more to the

former method than to the latter ; during the early stage, at

any rate, it is probably almost entirely due to the accession

of more individuals. In short, these clusters are formed

mainly by agglomeration. As a matter of fact, dividing forms

are comparatively rare in all the clusters I have examined

(cf. figs. E-G, PL 5). I once left a cover-slip prepai-ation

containing a great many free, active prirasites for two or three

hours; when I returned to it I found several large clumps

which had not been there before. It was impossible that these

rosettes could have arisen otherwise than by agglomeration
;

they all had their flagella centrally directed and resembled

the cluster of tig. g, except for the fact that some were even

larger.

An early stage in the formation of a cluster is seen

in the micro-photograph reproduced in fig. E. The individuals

composing it differ appreciably in form and size; some of

them, at the periphery, had apparently only recently been

attracted, and were not yet firmly attached. Only two

individuals are undergoing division. The beginning of a

secondary agglomeration is instructive. Parasites continue

to be attracted to the clump, but owing to the number already

present the newcomers are unable to penetrate in between

them and become firmly attached. Hence they tend to form

a subsidiary cluster for themselves (figs. E and f). The large

agglomeration-cluster of fig. g is apparently made up of

individuals attached around three centres, two of which, the
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older two (in the upper right-hand part of the figure), are

partially conHiient.

It is important to note that agglomerations are formed
of individuals which are of a quite normal type. Nearly

all the parasites of the clusters figured, for example, are

definitely trypanomonad in character, either fairly long mid
fusiform, or belonging to the pyriform variety of individual.

Agglomerations of less typical forms, pseudo-lierpetomonad

in character, also occur, but I have not met with them to any

extent, even in old cultures.

Novy and McNeal, in their account of cultures of avian

trypanosomes (14), make a great point of distinguishing

between multiplication rosettes and true agglomeration clus-

ters. They regard all rosettes in which the parasites are

joined by their flagella, corresponding, that is, to those I

have just described, as arising by successive multiplication

from a single individual, which starts the culture. Only

those cases, on the other hand, where the parasites are

united by their aflagellar ends, are considered to be true

agglomeration clusters. Until I myself came to work with

cultures, I had no idea but that the view of these authors was
correct, and that these two opposite kinds of clusters resulted

from quite different processes. Studying Novy and McNeal's

description and figures in the light of my own work, I feel

sure that these authors have given an entirely wrong
interpretation of the clusters, which they regard as multi-

plication rosettes. Novy and McNeal consider that the whole

process starts from a single cell, which is more or less

rounded ofp, and has no flagellum. This gives rise, by division,

to a few cells, which now possess flagella; by further multi-

plication, a typical rosette of spindle-like forms is pro-

duced.

Novy and McNeal's figures on Plates 8 and 9, which

are from excellent micro-photogi-aphs, are most instructive,

and are, in my opinion, convincing evidence that the view

these authors put forward is incorrect. Most of the figures

represent simply clusters, large or small, of different forms
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of the parasite, certain of whicli appear distinctly unhealthy.

The authors state that all the fip^ures on the plates to

which I am now referring (as well as others) are of para-

sites from a culture in the seventh generation, grown for

seven days, by which I understand them to mean a sixth

subculture, itself of seven days' age. This long-continued

cultivation doubtless accounts both for the varieties of form

present, as well as for the number of clusters. Their fig. 2,

PI. 9, supposed to represent an early stage in rosette-

formation, shows a large indefinite-shaped parasite, in which

irregular multiplication of the nuclei is going on. There is

no indication of the development of any flagella, and I have

no hesitation in regfardingf this individual as an abnormal,

degenerating form. That it would ever give rise to a rosette

of active, flagellate parasites is most improbable. Again,

fig. 3, PI. 9, represents an agglomeration cluster of four or

five somewhat similar forms, three or four of which, however,

are not quite so degenerate, as they still possess flagella; but

the same irregular multiplication of the nuclei is shown.

Phases such as these have, I venture to say, no connection

whatever with the rosettes of more typical parasites figured

on PI. 8. Fig. 2, here, is a small cluster of a dozen pyriform

individuals, each with a single, centrally directed flagellum.

Not one of the individuals shows the least sign of division.

Similarly in fig. 1, PI. 8, there is a cluster of about eighteen

parasites. Hence, in neither of these rosettes is there any

evidence that they are going to give rise to one of many

more individuals, such as that of fig. 4, PI. 8, by multiplica-

tion. And, from my own experience, I know that such

rosettes can be formed very quickly indeed. In this cluster

of fig. 4 there are several individuals at the periphery, which

are m^anifestly only loosely attached, and whose flagella

cannot be connected with the central core (cf. my own

figures). There can be no doubt that these are the individuals

which have been most recently attracted to the cluster.

A point in favour of this view of Novy andMcNeal's would

be furnished by evidence which went to show that two
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typical daughter-parasites often remain entangled by their

fiagella after division. Now, as I have stated, the flagellar ends

of the two individuals resulting from division (i.e. longitudinal

fission) always become widely separated, and I have never

seen any instance of such an occurrence. Even in the rare

cases where nmltiple (quadruple) longitudinal fission is pro-

ceeding, the flagella are all distinctly free from one another,

and when the cytoplasmic division was completed, the

daughter-individuals would doubtless separate. Moreover,

from Novy and McNeal's figures, it is obvious that the divid-

ing forms in their cultures behaved in a similar way (cf. figs.

1,2, and 5, PI. 7).

Hence, to conclude, I i-egard Xovy and McNeal's rosettes,

in wliich the parasites are attached by their flagella, equally

with those in my own cultures, as true agglomeration clus-

ters, originating, and in the main increasing, by the coming

together of independent individuals. 'J'here can be no doubt,

it may be pointed out, that agglomeration of trypanosomes

by the flagellar end does occur in the invertebrate host; the

process has been described, for instance, in the case of T.

lewisi,when in a louse, by Prowazek (22), and when in a

flea, by Swingle (33).

On the other hand, there is nu reason to doubt that in

certain types or phases of the parasite agglomeration in cultures

may take place by the aflagellar end ; this is stated by Novy
and McNeal to occur in the case of their " spirochetes.'' I

have never had cultures which showed a suflficient number of

parasites belonging to this type for agglomeration to occur,

and so am unable to say more upon this point. It is interest-

ing to note, however, that agglomeration of trypanosomes

in the blood of the vertebrate hosts takes place by the

aflagellar (kiuetouuclear) end, and these " spirochtetes " are

also definitely trypaniform; in coutra-distinction to these, para-

sites of the trypanomonad type form rosettes which have

their flaoellar ends attached.
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Summary and General Remarks on tlie Cultural

Forms.

From my observations on the cultural forms of T. fringil-

linarum a few interesting and important data have been

obtained, relative to the course of the development of the

parasites on passiug into the culture-medium. The earliest

type of form which I have found is a slender, trypaniform

phase. This is soon replaced by the characteristic trypano-

mouad phase, into which most of the trypanifoim individuals

pass. This trypanomonad phiise is the predominating

cultural form, and it is persistent, apparently, so long as the

condition of the medium remains healthy. During this period,

however, in a culture of six days' age, trypaniform individuals

have also been seen, though they were extremely few in

number. Further, rare instances of another form h^ve been

found, which is distinguished by its vermiform appearance,

and by the remarkable ladder-like character of its trophonu-

cleus. This phase is doubtless simply a further development

oF the ordinary trypaniform type. Whether these later try-

paniform individuals represent forms of this character which

have been persistent from the commencement of the infection,

or whether they indicate a second development of this phase

from the trypanomonad type, I ha.ve not sufficient evidence to

decide. I am rather inclined to think, however, that the

latter may be the case; for one or two individuals have been

found which might correspond to transition-forms in such a

passage (fig. 128).

Since the above research was carried out, I have been

studying, in conjunction with Prof. Minchin, the paiasites of

Athene noctua, andl have observed the early developmental

phases of a trypanosome (most probably T. noctufB) from

this bird, in the stomach of the mosquito (Culex pipiens).

We hope to publish in due course a full account of this work,

but 1 wish to refer here to one or two general facts. In the

first place, to answer any possible criticisms, it may be stated
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expi-essly that the flagelUites Avhich I am about to mentioa

were derived, beyond all question, from the little owl.

The parasites occur both in the trypanomonad and in the

trypaiiiform phase. Some of the latter individuals resemble

the vermiform type of figs. 10 and 137 closely, the only diifer-

ence being that the attenuation may be even more pronounced.

In fig. 132 is drawn such au example, which shows the extra-

ordinary slenderness of the body. Hence, so far as I am able

as yet to compare the two cases, this elongated trypaniform

type develops to a much more marked extent in natural

conditions than was the case in my cultures; in the latter, for

some reason or other, it was soon almost entirely superseded

by the trypanomonad type.

The occurrence of anything approaching a herpetomonad

phase has only been seen in cultures of a certain age, in

which there is every reason to believe the condition of the

medium must be becoming abnormal and unhealthy for the

parasites. Even then, it is only very seldom that an individual

is found which corresponds at all closely to a true herpeto-

monad (tig. 147); most of the parasites assume what I have

called a "pseudo-herpetomonad" condition, which is readily

distinguishable from that of an ordinary herpetomonad.

With regard to the occurrence of rounded-off "resting^'

phases, forms of this kind without a flagellum were seen also

only in old cultures, full of altered forms, and the individuals

which were in this condition were manifestly degenerating

and dying. Hence, from such individuals no conclusions can

be drawn respecting the occurrence of rounded, aflagellar

phases as a normal part of the life-cycle in the insectan host.

Such a phase may occur or it may not.

What may be regarded as highly probable, however, is the

occurrence in natural circumstances of forms which corres-

pond to the small fusiform or pyriform individuals of the

culture (cf. fig. Ill) in an attached condition, i.e. with the

flagellum more or less shortened or retracted, and serving as

fixative organella. The predilection that such forms have for

forming groups or clusters in the cultures (cf. fig. G, PI. 31, and
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also Novy and McNeal's figures of so-called multiplication-

rosettes on PI. 8) is probably to be regarded, indeed, as indi-

cating the tendency of these forms to become attached, when
in the natural iusectan-medium. In the culture-medium, how-

ever, there is nothing for them to attach themselves to, ex-

cepting these commencing clusters of their fellow-individuals.

Hence, the probable explanation—in great measure, at any

rate—of the clumps or clusters which have their flagella

centrally directed, is that they represent the attached phase

in the insect. This is of well-known occurrence, both among
trypanosomes (cf. Prowazek [I.e.], figs. 53 and 54), and

among insectan flagellates (cf. especially Patton [16, PI. 9,

fig. 22], where a number of Crithidia sp., in Gerris are

clustered ai'ound a food-particle, and again, Swingle [32],

who states that a rosette of Crithidia in the sheep-ked,

Melophagus, may be formed around a free epithelial cell).

In the case of parasites in cultures, when one, two, or tnree

individuals have become entangled by their flagella, the inter-

locked ends fui-nish doubtless the "nucleus" for the attach-

ment of many other parasites, with the result that a large

cluster is soon formed.

An important point brought out decisively by my cultures is

that this avian trypanosome does not proceed to form

rounded-off, resting phases immediately on passing from the

vertebrate host into the cold medium. And further, I may
mention, there is not the least indication of any such behaviour

in the case of the trypanosome of the little owl when it

passes into the stomach of the mosquito.

Up to the present only one or two accounts of cultural

forms of trypanosomes have been published which describe

and make any attempt to distinguish between the different

types of form and phases developed at different periods in

the culture. Of these, the most important for purposes of

comparison with my own results is the paper of Novy and
McNeal, to which reference has been made. In this connection

it must be emphasised that most of the authors' figures of

cultural forms (and apparently their descriptions also) are
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based upon the parasites present after cultivation has been

continued for some time, i.e. in sub-cultures of the sixth or

seventh generation, when the culture Avas fully developed

and "enormously rich in flagellates." In such cultures of a

trypanosome, regarded by the authors as T. avium, the

great majority of the trypanomonad forms were found in

clusters, some of whicli were large enough to be visible

tnacroscopically as patches in the medium. The interesting

point is that pai-asites in the form of " spirochfetes" were of

common occurrence, sometimes abundant; "spirochfete," it

may be as well to state, is the term applied by Novy and McXeal

—somewhat misleadingly—to individuals of the slender,

trypanifortn type, similar to those seen in my figs. 10, 126,

and 127.^ These trypaniform individuals were mostly free,

very active, and some were undergoing division.

Hence the condition found by Novy and McXeal obviously

represents a much later period in the development of the

culture than any I have described above, and I cannot find any

account of the early course of the development, i.e. during

the first five or six days or so. The authors do not say at

what intervals of time their sub-cultures were made, but it is

evident, from the number of the "generation" given, that

the trypanosomes must have been cultivated for at least

some weeks. In the case of T. f ringillinarum, I was

unable to obtain any development in my cultures corre-

sponding to that found by Novy and McNeal in T. avium.
If I did not sub-culture frequently enough the parasites

become abnormal and degenerative, so that a preparation

would show nothing but altered, pseudo-herpetomonad forms

and so forth, and when I sub-cultured frequently the try-

panosomes retained, for the most part, the trypanomonad

phase. I never continued subculturing for so many gene-

rations as Novy and McNeal did ; it is only since I have

come to study carefully my preparations and to compare

^ Althongli in one or two cases these parasites show indications of an

extended nucleus, in no case is a definite ladder-like appearance figured

or described.
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my results with those obtained by Novy and McNeal tliat

I realise some additioual knowledo^e mig-ht have been o-ained

by continuing to cultivate long-er. In one case I subcultnred

four times at fairly slow intervals; this was done chiefly

with a view to seeing how long I could keep a culture of

the trypanosomes alive (cf. above, p. 647). Unfortunately,

being kept away for a few days by ill-health, I missed an

opportunity of examining this fourth subculture at a time

when the parasites Avould have been very nvimerous ; and

before my return an unfortunate accident had terminated

their career. Possibly this subculture might have shown
more trypaniform individuals.

Novy and McNeal go to the length of founding two new
species of Trypanosoma upon the different behaviour and

appearance of certain of their cultural forms. In fact they

distinguish several types or varieties chiefly or entirely upon

a basis which is most inadequate and misleading, namely, on

a comparison of the multiplication-rosettes (really the

agglomeration-clusters) and the free " swarming " parasites

in the different cases. I only wish to point out here that, in

the case of both their new species, viz. T. laverani and

T. mesnili, the free-swarming forms which they compare

with the slender, trypaniform type of the other species dealt

with (T. avium) and contrast with the rosette-forms, are in

reality not trypaniform (
" spirochsetes "

) at all, but are ordi-

nary trypanomonad forms, which do not differ essentially from

those constituting the rosettes. This is perfectly obvious

from a comparison of their figures on Pis. 5-7.

The matter amounts simply to this : In the case of these

two species, the authors have not got a development of the

trypaniform type at all. Many of Novy and McNeal's figures

of these forms, especially of T. mesnili on PL 6, are of

individuals which show pronounced vacuolisation, and which,

in my opinion, appear distinctly unhealthy; also the cluster

of individuals of T, laverani, reproduced in fig. 3, PI. 7,

I regard as partly composed of abnormal forms. In short,

from a comparison of the figures given of T. laverani and
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T. mesuili with most of those of T. avium, I am
strongly inclined to say that the cultural development of the

former parasites was not proceeding so successfully—at any

rate, when the preparations concerned were made—as that of

the last-named species.

Slight differences in the constitution of the medium may
certainly influence the rapidity of growth of these cultural

forms, as I have stated above, and probably also, to a certain

extent, the manner of their development. Further, it is

quite likely that different species of trypanosomes, when

cultivated in the same medium, may also differ in their rate

of growth and in the development of the different types of

form. Hence, I think we may agree with Novy and McNeal,

although on quite different grounds, that the parasites which

they name T. laverani and mesnili are at any i*ate

different from the other (T. avium). Moreover, it may

be reasonably inferred that under slightly different condi-

tions—in one way or another—of the medium, these forms

would also develop a trypaniform phase. For it will be seen

from the subsequent context of this paper that there is every

reason to suppose such a phase is of regular occurrence at

some period in the development of a trypanosome outside the

vertebrate host. As a matter of fact, T. laverani itself

appears to be very closely allied to the trypanosome with

which I have been working.

The only other paper dealing with cultural forms, to which

I need refer is a note by Thomson (35), on the cultivation of

trypanosome (probably T. danilewskyi), from the goldfish,

which gives instructive indications of the course of develop-

ment of that parasite in cultui-es. It is most interesting to

find that there is a general resemblance between the course

of events in the case of that piscine form, as outlined by

Thomson, and in the avian parasites discussed above.

Thomson does not describe any developmental forms occurring

earlier than the seventh day. By this time the parasites are

in a phase corresponding to my accentuated tr^^panomonad

type ; and division by a quite similar method of unequal
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fissiou is taking place, a small fusiform oi* pyriform individual

being cut, ((if from the large, more or less club-shaped parent-

form. Severa.l of Thomson's figures are, indeed, almost

identical with some of my figures. Another important point

is that distinctly trypaniform individuals were present, and
such forms were found to be more frequent later on, for

instance in a culture of tiie forty-second day.

As Thomson says, it is probable that earlier phases in this

development might have been found before the seventh day.

It is interesting to note that Thomson figures an unaltered

trypanosome (as it left the blood of the fish) in the culture of

seven days. Thomson's view is that the large, club-shaped

trypanomonad individuals are derived directly from such

trypanosomes by an alteration of the body-form, most of the

protoplasm becoming concentrated in the aflagellar part of

the parasite, which thus becomes greatly swollen in appear-

ance. According to Thomson, there is no prior multiplication

of the parasite in an ordinary trypanomonad condition.

Hence in this case a type of form very similar to that which

I have found in my cultures (cf . figs. 97, 98) is attained by a

quite different process ; in the culture of the avian parasites,

the trypanosome-phase is quickly lost and active multiplica-

tion in the ordinary trypanomonad phase goes on.

It is evident from this that the development of the piscine

type in cultures proceeds much slower than that of the Avian
form, and this bears out, in an interesting manner, the facts

so far known relative to the development of the two types in

the true invertebrate hosts (leech and insect) respectivelv.

The Significance of these Cultural Forms of Try-
panosomes in Relation to the Question of an
Alternate Invertebrate Host.

When we come to compare the chief types of form described

above as occurring in cultures of trypanosomes from different

vertebrates with the flagellates described by various authors

from blood-sucking invertebrates, which they have considered
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as being phases in the life-cycle of some vertebrate trypaiio-

some, we find at once a fundamental resemblance, while in

one or two particular cases there is a sti-ikingly close

similarity in detail. It would occupy too much space to

follow out tins comparison at length. I must content myself

with a reference to various papers, and with a few indications

as to the chief points of agreement.

It may be noted, as a preliminary, that I follow Patton's

definition of, and distinction between, a herpetoraonad form

and a crithidial or trypanomonad form ; the terms "critliidial"

and " trypanomonad " are practically interchangeable, but I

prefer to use the latter, at all events when referring to this

phase in connection with a vertebrate trj'panosome.^ Fur-

ther, it is necessary to emphasise the fact that the characteri-

sation of these two types is based upon their structure when in

the active, extended, flagellate condition ; in other words, the

diagnostic form of the parasites is only seen when they are in

this condition. Rounded, resting phases, whether possessing

a flagellum or lacking one, cannot be regarded by themselves

as representing either a herpetomonad or trypanomonad

phase, simply because, when the parasites ai-e in this con-

dition, the features used for distinguishing between the two

types are not present. It is certainly due to Patton that we

are at last able to realise that there are these two perfectly

definite types, a herpetomonad and a crithidial or tr^^pano-

nionad one, and to distinguish clearly between them. Until

Patton separated the two types upon the above basis, the

greatest confusion often prevailed as to whether a given

parasite belonged to one or the other; and it must be

admitted this confusion was chiefly due to the unsuitable

diagnostic characters used by Leger in his earliest descriptions

of these forms.

The memoirs in question are those by Miss Robertson (23,

24, and 25), Minchin (11), Prowazek (22), Stuhlmann (31),

and Roubaud (26). In all the parasites described, namely, T.

^ There have been, hithei-to, two quite different meanings attached to

the term " crithidial " (cf . also below).
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raiae and T. vittatae (Miss Robertson), T. grayi (Minchin),

T. lewisi (Prowazek), T. brucii (St.nhlmann), and T.

g-ambiense, cazalboui, and congolense (Ronbnud), a

trypanoiuonad phase occurs, and is usually prominent. In

all of tliem a definite trypaniform phase (i.e. one in which

the kinetonucleus is some distance on the aflagellar side of

the trophonucleus), is also met with. And in two cases,

namely, T. briicii in Glossina fusca (Stuhlmann), and T.

raiae in Pontobdella (Miss Robertson), the occurrence of

a gi'eatly elongated trypaniform type with an extended,

ladder-like nucleus is described. These are the only cases

of which I know where this characteristic type of form has

been seen in an invertebrate ; and it is highly significant, I

think, that a similar form occurs, beyond all question, as a

developmentnl phase of more than one avian trypanosome.

Unfortunately I am not yet able to add anything to our

knowledge of the purpose or meaning of this interesting

form, which has been variously considered as possibly a male

form, and—more likely—as a propagative individual infecting

a vertebrate host.

The same close agreement holds good also for another

impoi-tant point, namely, the absence—apparently the entire

absence—of anything corresponding to a true herpotomouad

phase in these parasites when in the Invertebrate host. Out

of a total of some hundreds of figures in the above memoirs,

there is not one which shows a typical herpetomonad indi-

vidual, such as, for instance, Herpetomonas m uscse-domes-
ticae, lygfei, jaculum, etc., or Leishmania. There are only

one or two figures, e. g.in one of Miss Robertson's accounts

(24, figs. 12, 21, and 22), which could be regarded as in any
way approaching a herpetomonad condition; and it is precisely

in such a case, moreover, that the essential proviso noted

above must be borne in mind. The individuals figured are

manifestly intermediate stages in the development from a

rounded resting-phase to an active flagellate type of form.

Further, they are all dividing, and one of the daughter-

individuals (fig. 21, right-hand side) is already acquiring the
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trypauomonad condition. Hence these cannot be regarded as

representing in themselves determinative phases, but are rather

only transitory stages in the development of a tiypanomonad

(or it may be a trypauiform) type, such as is exemplified in

most of Miss Robertson's figures of active, flagellate indi-

viduals. On the other hand, what is far more important is

that none of the numerous elongated "monadine" forms

figured by Roubaud (26) show any indication of hei-peto-

monad affinity. Last, but not least, the so-called herpeto-

monad forms of T. grayi—the extremely slender ones, which

proceed to encystment—have nothing whatever to do with

the herpetomonad type, as indeed Patton has already pointed

out, but are unmistakably of the tiypanomonad type. This

mistake arose, of couise, simply by following Leger's mode

of distinguishing between the two types chiefly by means of

the body-form.

There can be no doubt, I think, that this briefly outlined

comparison enhances the probabilit}' that the various accounts

to which I have alluded do actually relate to phases of the

life-cycle in an invertebrate host of the different vertebrate

trypanosomes which they purport to do ; in my own opinion,

and in that, I venture to say, of most other people, the matter

is certain.

I should like to offer a few further remarks upon the still

disputed question of a vertebrate trypanosome in its alternate

host versus a natural flagellate of the invertebrate. In the

first place, two classes of invertebrates are principally con-

cerned, namely leeches and insects. The former I intend to

leave altogether out of account, as up to the present not the

slightest evidence has been brought forward of the occurrence

of any flagellate parasites in this class of hosts, which are not

developmental forms of some vertebrate trypanosome. In

the case of insects the subject is much more complicated
;

since in many non-blood-sucking insects flagellates occur

which can be only parasites of the one host.

As a result of the above comparative observations, one

general proposition can be stated, I believe, which ought to
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prove of considerable help in this connection. It is this:

Parasites exhibiting a trypaniform condition in a

blood-suckins* insect must be considei-ed as belono--

ing to the life- cycle of a vertebrate trypanosome,
until the contrary is definitely established; and the onus
probandi lies with those who maintain the opposite view.

Another conclusion which appears indicated is that, iji

general, such parasites do not pass into a true herpetomonad

condition; in other words, they have not a definite herpeto-

monad phase in the life-cycle. Bearing in mind that many,

at any rate, of the vertebrate trypanosomes which have an

insect as their alternate host are almost certainly to be

derived from a herpetomonadine form, which was originally

a parasite solely of the insect, it will be understood, of course,

that in certain circumstances the parasites may revert, as

it were, to a pseudo-herpetomanad condition, or even to a

herpetomonad one, as I have found in the case of my avian

trypanosomes in cultures. But with this qualification, all the

observations so far recorded point to the above conclusion.

As a matter of fact, the occurrence of typical herpetomonad

forms in blood-sucking insects has not been described in

neai'ly as many cases as would appear, at first sight, to be

the case. In many of the papers that I have seen which

profess to describe such forms, a study of the figures shows

that the authors have been dealing really with trypanonionad

(crithidial) forms ; these are merely further instances of the

confusion formerly existing in regard to the diagnosis of

these two types. Thus the Herpetomonas algeriense
described by the Sergents (28) from Culex pipiens does

not appear to have anything in common with a true Herpe-
tomonas; from the figures given it must be regarded as a

trypanomonad form.^

' Instances, on the other hand, of what are apparently trne herpeto-

monad forms occurring in mosquitoes and restricted to this host ai-e

given by Patton (' Brit. Med. Journ.,' 1907, ii, p. 78) and also by the

Sergents (I.e.) ; but there is not likely to be any difficulty in distinguish-

ing such parasites from phases of a vertebi-ate trypanosome. I may
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Again, Novy, McNeal, and Torrey, in their paper on tlie

flagellates of mosquitoes (15), distinguish two parasites,

namely, Crithidia fasciculata and Trypanosoma
(Herpetomonas) culicis. These authors also followed

Leger's unfortunate definition of a Crithidia, restricting the

name to small oval or pyriforni parasites with a truncated

flagellar end and a short flagellum. The whole objection to

this definition lies in the fact that such forms are merely

resting or attached phases (in natural conditions) of either

crithidial (trypanomonad) or herpetomouad forms. However,

in the case of their Crithidia, the figures given show that,

in a more elongated condition, it conforms on the whole to

the trypanomonad type. Similarly, their other parasite,

Trypanosoma (Herpetomonas) culicis, also has a well-

marked trypanomonad ]diase, as, indeed, is implied by the

generic position which the authors assign to it; apparently

it is phxced in the sub-genus Herpetomonas because of its

monadiue form. I may observe here that these papers by

the American authors have been most diflScult for me to

comprehend, because the indications afforded or suggested by

their plates often appear to be opposed to the account given

in the text. I have only really grasped the significance of

their first paper on avian parasites and their cultural forms

since working on my own birds and cultures; and I am sure,

from the interesting plates of mosquito-parasites in the

authoi's' second paper, that a further study of the phases and

forms which they figure is essential to a correct understanding

of their significance. Hence I do not propose to criticise

them further at present.

This much, however, must be said iu regard to all these

cases of the occurrence of trj^panomonad forms in mosquitoes.

It is at least quite as likely that the flagellates observed

were phases of vertebrate trypanosomes—say of avian forms

—as that the}^ were purely insectan parasites. I have referred

say here that in the development of T. noctuse in Culex pipiens

I have not come across the slightest indication of a herj)eto monad

phase.
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above to the undoubted indications I have obtained that a

trypanosome of the little owl undergoes developmental phases

in Culex pipiens. There is^ therefore, no reason whatever

to doubt any longer that some, at all events, of the flagellate

phases described by Schaudinn in mosquitoes which, had fed

on infected birds were also actually phases of Trypanosoma
noctuas. Moreover, in regard to Crithidia fasciculata

itself, the type-species of that unfortunate genus, no one has

yet shown that it is solely an insectan parasite. In first

describing it, Leger very wisely admitted the possibility that

it was only a phase of a vertebrate trypanosome, and this

still remains the most logical assumption with regard to it.

Similarly with regard to crithidial forms in other blood-

sucking insects, e.g. C. tabani, Patton (18), 0. melo-

phagia, Swingle (32), etc., by far the most likely and

reasonable view is that these parasites are merely the trypano-

monad forms of a trypanosome.^ One or two cases have

been described, howevei', of the occurrence of crithidial

forms iia what are alleged to be non-sanguivorous insects,

e.g. 0. gerridis from Gerris fossarum, Patton (16);

such parasites may apparently be regarded as true C r i t h i d i a,

by which we may understand flagellates that have developed

a trypanomonad condition, but which are restricted to an

invertebrate host.

Two or three parasites have recently been described, and,

moreover, from non-biting insects, which have been regarded

as " trypanosomes." They are Trypanosoma drosophilse,

Chatton and Alilaire (3), and two peculiar herpetomonad

forms termed Leptomonas mirabiiis, from Pycnosoma
putorum and L. mesnili, from species of Luculius, which

' As regards C . ni e 1 op h a g i a , I have quite recently obtained evidence

which makes tliis almost certain. After prolonged examination of the

blood of a sheep on which were " keds " infected with this parasite, I

had the good fortune to find a typical, active trypanosome. This is

the first occasion, so far as I know, of a (natural) trypanosome having

been found in this domestic animal. There can l)e little or no doubt

that the " Crithidia meloj)hagia " is simply a developmental phase

of this sheep-trypanosome in its alternate, insectan host.
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have been described by Roubaud (26). In the case of the

first-named, tlie indiv^iduals figured certainly appear to be

in a definite trypaniform condition, possessing a distinct,

though narrow, undulating membrane. The two other para-

sites are very remarkable, in that typical herpetomonad

forms appear to have also a " trypanosome " phase in their

life-cycle, and all intermediate conditions between these two

extremes are figured. So far as I can judge from the figures

given, however, the so-called " trypanosome" phases do not

represent a true trypaniform condition in the sense in which

it has been understood in the above pages. To begin with,

the flagellar end of the body is not drawn out at all, but the

flagellum emerges straightway from it. The kinetonucleus

is, indeed, near the aflagellar end of the body ; but in all

cases the course of the flagellum, from the point where it

comes into contact with the cytoplasm up to the kineto-

nucleus, is shown i-unning: throusrh the middle of the cvto-

plasm ; it is never drawn lying at the side, still less as showing

any undulations. I think this is an important point, and one

which tells very much against the presence of an undulating

membrane in these Leptomonas. For in the great majority

of preparations of trypaniform parasites, however attenuated

they may be, and however narrow the membi*ane, the attached

flagellum lies nevertheless at one side (cf . my figs. 10, 126-132,

and also Minchin's figures of T. grayi). I think, therefore,

that in these peculiar phases a considerable part of the

flagellum is intra-cytoplasmic, forming, as it were, a long

rhizoplast, consequent on the passage of the kinetonucleus to

the opposite end of the body. These forms appear to be

quite distinct both from ordinary herpetomonad parasites

and from the true trypaniform type. f'X" drosophilse,

on the other hand, appears to exemplify the trypaniform

condition.

The above summary represents, in my opinion, the present

position of this difficult problem of the flagellates occurring

in blood-sucking invertebrate hosts. My view on the subject
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is the same as that I have maintained in my article on the

Htemofiagellates in Lankester's Protozoa (39), as will be

seen by anyone who caves to compare that account with the

above pages. As a matter of fact, there is now no doubt

whatever that one of Schaudinn's far-reaching conclusions

was correct, name!}-, that vertebrate ti'ypanosomes undergo

a definite part of their developmental cycle in an invertebrate

host, and that true cyclical infection occurs by means of the

latter; for conclusive experimental proof has been recently

brought forward by Kleine, Bruce and others, Minchin and

Thomson. To indicate the work of these authors, however,

would be going outside the scope of this paper : moreover, in

this discussion, I have preferred to limit myself to the above

comparative observations, since most of them provided

material on which I relied for support in my article (I.e.).

Patton has of late occupied himself in reiterating his view

that in all those instances considered above, as well as in

every other case where an author has purported to describe

phases of a trypanosome in an invertebrate, the parasites in

question were merely natural flagellates of the invertebrate,

which had no connection with a vertebrate host. Patton's

view is that of scarcely anyone else; even Novyand McNeal

have not gone quite so far in this wrong direction. I do not

intend to argue the matter with Patton ; a perusal of his

recent papers suggests that he is unable to appreciate Jirgu-

ment. In his latest review (20), Patton has adversely

criticised, in somewhat forcible terms, my article in Lan-

kester's treatise, chiefly because I have maintained the

opposite view to himself. I do not thiuk it necessary to

reply at length to Patton's remarks ; it is obvious that Patton

is hopelessly biassed, and in one or two places I consider he

oversteps the boundary of legitimate criticism. I venture to

say, however, in justice to my editor as well as to myself,

that if a student of tropical medicine and protozoology

follows Patton's judgments on our knowledge relating to the

hsemoflagellates and their allies, as set forth in his "critical"

review, he will obtain a distinctly erroneous and misleading
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impression of the gi'oup, and one which is further from the

truth than the views expressed in my article.

(c) Notes on Nuclear Cytology and Division.

My material, having been all stained by the Ronianowsky

method, has not proved very suitable for a study of the

minute structure of the nucleus (trophonucleus). Neverthe-

less, in the light of the interpretation which Minchin and

Woodcock (13) have shown is to be placed upon the

" Griemsa-picture " of the nucleus of a ti-ypanosome, I am
able to say that, in the case of many, at any rate, of the

parasites observed, the type of nuclear structure certainly

agrees with that described in that paper. Unfortunately, in

the parasites figured from the blood of the bird, the nucleus

often shows the usual granular appearance; now and then,

however, the definite clear region can be seen, corresponding

to the central, plastinoid part of the karyosome, which con-

tains a deeply staining granule in the middle—the intra-

nuclear centrosoine (figs. 80, 84, and 51). For some reason or

other cultural forms show this appearance, which is to be

regarded as the typical one, much more frequently, indeed

quite regularly (figs. 7, 8, 72, etc.). The trophonucleus of the

individual in fig. 8 is in an interesting condition; it is more
faintly stained than usual, the nuclear sap apparently con-

taining little or no chromatin (cf . the numerous chromatoid

granules scattered in the surrounding cytoplasm). Whether
the deeply-stained central body represents in this case a small

karyosome or a greatly enlarged central granule, it is

impossible to say. Other instances of an unusual appearance

of the trophonucleus are seen in the parasites of figs. 38 and

39; here there appear to be a certain number of separate

chromatic masses, of varying size. This condition perhaps

represents a fragmentation of the single large karyosome

usually present.

The blepharoplast, or basal granule, at the proximal end

of the flagellum is sometimes visible in the parasites from the
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blood (figs. 4, 28) ; but frequently the proximal, rhizoplastic

portion of the flagellum is not well stained, and then the

blepharoplast cannot be made out. In preparations of culturjil

forms it is generally conspicuous, and now and again very

prominent (figs. 10, 71, 81, etc.).

As regards the details of commencing division, the try-

panosornes in the blood have provided me, as already stated,

with hardly any indications at all. On the other hand, 1

have obtained a nice series of stages among the cultural

parasites. The first act in the process is apparently the

division of the blepharoplast at the base of the flagellum

(fig. 120). This is followed by the splitting of the flagellum

for some distance, which may be fairly short or fairly long

(fi_gs. 100, 104, 121, and 123) ; the splitting never extends,

however, throughout the whole of the attached part of the

flagellum. In the case of this avian parasite, the splitting-off

of a portion of the old flagellum to form the foundation of the

new daughter one appears to be of general occuri-ence. I

have observed nothing which would indicate that the daughter-

flagellum is formed as an entirely independent outgrowth

from the second blepharoplast. Fig. 89 shows a flagellum

caught in the act of dividing, the proximal portion being

drawn out transversely, as a broad band, prior to splitting.

In figs. 88, 100, 104, and 123, the newly formed part is still

connected at its tip with the old flagellum ; and in fig. 121

the new portion,, in this instance only short, has just separated.

Of course, once the rudiment, as it were, is cut off, its further

growth is quite independent.

The division of th^ nuclei may begin while the splitting of

the flagellum is proceeding (figs. 104, 123), or it may be

delayed until the latter process is completed (figs. 90, 121)

;

there is apparently considerable variation in this respect.

The first stage in the division of the trophonucleus is most

probably the division ot" the intra-nuclear centrosome, which

acts as a division-centre; this is clearly shown in fig. 88.

All that can be said from Gieinsa-stained preparations as to

the rest of the process is that the nuclear substance becomes
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extended in a direction more or less transverse to the lonsr

axis of the body, this being doubtless brought about by the

separation of the daughter-ceutrosomes (cf. fig. 99); the

two centrosomes remain connected by a fibril, which at a

later stage may become considerabl}' drawn out (figs. 124,

125). The nuclear material becomes aggregated around these

two division centres ; as the latter continue to separate, it is

])ulled out more or less into the form of a dumbbell and finally

constricted into two halves, the daughter trophonuclei. With
regard to the division of the kinetonucleus, the process, so far

as can be judged from the phases seen in figs. 101 and 104,

appears to be similar to that occurring in the division of the

other nucleus. A distinct thread or band connects the

separating halves ; this probabl}' indicates a fibril, corres-

ponding to the other, which may also have its terminations

in two intra-nuclear division-centres. If this is reallv the

case, not only the trophonucleus, but also the kinetonucleus,

possesses an intra-nuclear centrosome.

(d) Comparison of Tr^-panosoma f ringillinarum
with other Avian species.

The reasons which have led me to consider all the manifold

forms of the trypanosome met with as belonging to one and

the same species have been given at the commencement of

the description of the parasites, and also alluded to elsewhere

in the account, so that I need not recapitulate them here.

This illustration of the very great polymorphism which may
be shown by one species is most instructive. If, for instance,

only two t3'pes of form, at opposite extremes as regards size,

had been observed, it might readily have been supposed that

two different trypanosomes were concerned. And there can

be no doubt that many observers, not only of avian parasites

but also of others of cold-blooded vertebrates, who have based

their descriptions on casual observations of the parasites,

have fallen into such an error. So longf as the mammalian
forms, and among these chiefly the lethal ones, with their

comparatively modest variations in form and size, remained
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those with which research Wiis principally occupied, the

possibility of such striking- polymorphism was insufficiently

recognised. It is evident, I think, that the safer plan for

workers on these naturally occurring trypaiiosomes will be to

regard all the forms met with in any one host as belonging

to one species until they have satisfied themselves that this is

not the case.^

On the other hand, foi- the purpose of distinguishing

different species of trypanosomes, I certainly continue to

think that what may be called the biological consideration

is, in the present state of our knowledge, the most reliable

and useful guide. By this I mean that the less closely related,

zoologically, two hosts ai-e, the greater the probability that

their trypanosomes are distinct species. As a general indica-

tion it may be said that the same parasite may, in certain

cases, be parasitic in different species of host, or even in

closely allied genera," but where the hosts in question belong

to different families, or still more, to different orders, it may
be safely assumed, as a working rule, that their trypanosomes

are distinct species. The best practical test for this criterion

is, of course, the production or non-production of cross-

infection.

In making use of resemblances or differences in morphology

in compai'ing two trypanosomes, I think the ordinary adult

form of the parasite furnishes the best indications. Take the

case of T. lewisi, for example ; neither the young daughter-

individuals resulting from multiple fission, nor the large,

stout, multiplicative individual itself is regarded as the

definitive form, the form of every-day occurrence, as it were.

Now I think we can carry this comparison very usefully to

other cases. Small, fusiform, or stumpy individuals are more

1 I consider, for instance, that Wenyon (37) has done wisely in includ-

ing the quite different types of form fovind, on the one hand, in the

gninea-fowl (Numida) and, on the other hand, in a lizard (Mabuia),
under one species in each case, viz. T. nnmid^ and T. mabuise.

" In this connection attention must be paid to tlie qviestion of distri-

bution.
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likely to be young forin.s ; these may, perliaps, themselves

undergo division, as in T. lewisi, and, moreover, in many

CMses, owing to a slow rate of growth and increase in size,

these small forms may give the impression of being distinct

parasites. On the other hand, very large, massive forms are

likely in many cases to be essentially multiplicative individuals.

Of course the possibility must not be overlooked that, in

some cases, large, stout forms may be sexual (female) indi-

viduals, but up to the present evidence pointing to the

occurrence of sharply differentiated sexual forms is only

forthcoming in a few instances. At any rate, so far as T.

f ringillinaruni is concerned, I think there is a general

parallel with T. lewisi in regard to the different types.

In the case of many of the avian species so far described,

the account has been based in all probability upon the ordinary

adult type, e.g. T. avium, as emended by Laveran, T.

paddae, Tliiroux, etc. But in other cases, where only

stumpy forms have been desciibed, such as T. hannae,

another T. sp. from Senegambiau birds,^ and T. lave rani,

these probably do not represent the definitive type. Passing

on now to compare T. f ringillinaruni with certain other

trypanosomes, we may begin with the type-species, T. avium.

This name was originally given by Danilewsky, who followed

his own methods of nomenclature, to trypanosomes found

both in owls (sp. indet.) and in a roller-bird (Coracias

garrula)= Laveran (6) has rightly restricted this specific

name to a parasite from an owl (Syrnium aluco), which he

considers to be the same form as that observed by Danilewsky

;

the other trypanosome, from the roller-bird, is in all proba-

bility a different species. T. f ringillinarum, while

showing a general similarity in size and form with T.

avium, as described by Laveran, differs in two respects,

' This parasite, described by Button and Todd (4). occurred in a

bird (Estrelda) in which the very different form T. johnstoni was

found. It is not at all improbable. I think, that T. johnstoni is the

ordinary form, and the broad, stumpy parasite a multiplicative fonn,

of one and the same species.
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namel}', in the length of the free flagellum, which is much
sliorter, and in the appearance of the aflagellar end, which is

more elongated and attenuated. In addition, the hosts are,

of course, quite different in the two cases.

Novy and McNeal have included in the species T. avium
a number of pai-asites they have found in various North

American birds. They distinguish two chief forms, viz. large

and small parasites, each of which shows considerable varia-

tions in size. How Novy and McNeal have been able to

ascertain any details with regard to form and size, if they

had not better preparations to study than those from which

their excellent photos have been taken, it is impossible to say.

From their photos of the parasites in the birds, it is obvious

that the trypanosomes were wretchedly fixed and stained; in

scarcely any can the length of the flagellum or the true

nature of the aflagellar end be made out. Hence, any real

morphological comparison is out of the question. In any

case, on the grounds of occurrence and distribution, it is very

improbable that any of the parasites represented the true T.

avium. This has been recognised by Liihe (9), who has

placed all these forms identified by the Americans as T. avium
in a new species, T. confusum—a very apt name. I do not

for a moment suppose, however, that all the forms described

belong to one species. Novy and McNeal rely partly on the

cultural characteristics shown, which they say were similar in

all these cases. All their photos of cultural forms of this

group of trypanosomes are taken from preparations of a single

culture, fi-om one bird only. I should prefer to see figures of

cultural forms from the other birds first of all.

The trypanosome which Novy and McNeal distinguish as

T. laverani, from an American goldfinch, Astragalinus
tristis, is most probably closely related to T. fringilli-

narum, although I am hardly inclined to think the two forms

are identical. The authors only figure a solitary example

from the blood, which, from the size given, and from what can

be made out from the photo, agrees very Avell with the small,

fusiform individual of T. f ringillinarum. There is a
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general agreement Jilso, both it) regard to appearance and

size, between the trypanomonad forms iu cultures. The

reason which weighs most with me in keeping the two

parasites distinct is the different hosts and their different

distribution. Unfortunately Novy and McNeal do not

describe, as I consider, the definitive type of the parasite, and

so I am nnable to compare it with that of T. fringilli-

narum. Other reasons are that T. iavei-ani is said to

have a very sparse and slow growth in cultures, and the

cultnral forms themselves show very generally a peculiar

rod-like structure near the atiagellar end of the body. I

have certainly never seen this feature in any of the cultural

forms of T. f ringillinarum.

5. Note on Haltekidium fringill.e (Labbe).

I have already published a short paper (38) relating to the

chief features of interest Avhich I have observed in connection

with this parasite; and I do not propose to repeat in detail

the description there given, I wish, rather, to add here a

few general remarks and comments.

I am now able to publish many of the actual drawings

from which the text-figures in my previous note were made

;

and these—especially the coloured figures—bring out certain

distinctive points very clearly. It is particularly in such a

case as this, I may say, that the value of the different tints

and depths of colour, produced by the Eomanowsky (Giemsa)

stain, is apparent. Firstly, in regard to the dimorphism of the

nuclear constituents (cf. especially tigs. 14, 15, and 17). The

smaller nuclear bod}^, representing the kinetonuclear element,

is seen to be quite distinct in its staining reactions from the

larger body, the ordinary nucleus. These two nuclear

portions correspond closely in appearance (leaving out of

account the marked difference between them as regards size)

to the trophonucleus and kinetonucleus of a trypanomonad

parasite, where these two organellie are close together or in

contact.
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Again, with respect to the so-called " indiiferent " indi-

viduals, which are very scanty in nuinber, compared with the

female or male forms, figs. 15, 17, and 64, show the character-

istically clear cytoplasm, not at all granulai*, and staining very

faintly, of these individuals—readily distinguishable from

the granular, deeply staining cytoplasm of female forms.

^

Further, in most of the parasites of this kind which I have

found, the kinetonuclear element is relatively large, and

may approximate in size to the other nucleus (cf. fig. 64).

What exactly is to be understood by the term " indifferent

"

as applied to these forms, and what their significance is, it is

diflBcult to know. If they are neither male nor female they

are not gametocytes ; that much is obvious. At the time

when I wrote my earlier note on this Halteridium, I was

strongly inclined to think that these neutral individuals

passed, in certain conditions or circumstances, directly into

small trypanosomes. Unfortunately I have not been able to

obtain any more evidence in support of this view, either from

a renewed study of my own preparations of the chaffinch

parasite, nor—which is even more important—from the study

undertaken of Halteridium noctuse, so far as this has yet

progressed. Hence the meaning of these "indifferent"

individuals, which certainly appear to be quite distinct from

the forms of male or female character, has still to be ascer-

tained. I have never found indications of division in them,

any more than in the other types.

In fig. 16 is di-awn one of the two or three instances I have

observed of the remarkable form of individual occurring free

in the blood-plasma, which shows a conspicuous line running

down the greater part of the body, near one side. This line

stains distinctly red, like a flagellum ; it appears to start in

close proximity to the nuclear masses, and ends in a definite

granule. The pigment-grains in this parasite are all aggre-

gated together near one end of the body—that farther away
from the nuclei. I regarded the halteridia in this phase

' Of course there is no possil^ility of confusing these forms with male

gametocytes, which have a lai-ge, diffuse, pale-staining nucleus.
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as being about to pass actually into little active trypanosomes,

in a manner similar to that described by Scliaudinn, that is

to say, by getting- rid of a portion of the cytoplasm con-

taining the effete pigment-grains and by the development of

a flagellum, the proximal, attached part of which constituted

the flagellar border of an undulating membrane. In spite of

much searching, I have not succeeded in finding any further

stages in this developmental change. I cannot suggest any

other satisfactory explanation of this peculiar structure, how-

ever, and I still continue to think it has some connection with

a flagellar development, as will be seen in a subsequent

paragraph.

The halteridial parasites of small or intermediate size,

which I have now found to occur occasionally free from the

corpuscles (cf. p.663), seem to be quite ordinary in character

and show nothing unusual. I have seen nothing at all in

these to indicate that they undergo any transition to a

trypaniform phase. The same observation applies equally, I

am sorry to have to say, to Halteridium noctuas, where,

in one or two cases of very strong infection, I have found

free individuals, of varying size, to be quite numerous.

As I pointed out in my note, the possession by an intra-

cellular parasite of nuclear dimorphism, in the sense in which

I have used this term, is very significant and important

evidence in favour of a flagellate affinity or connection of the

parasite exhibiting this feature. Indeed, on a priori gi-ounds,

the undeniable occurrence of this distinctive character in

Halteridium is, even regarded by itself, a very weighty

argument in support of Schaudinn's view of the ontogenetic

connection of this intra-cellular form with a trypanosome.

When, in addition, the other evidential points to which I

alluded were taken into account, such as the occurrence,

now and then, of individuals attempting (as I consider) to

develop a flagellum, and the occurrence of very small trypano-

somes at the same time, Avhich were no larger than the full-

grown Halteridia, the most reasonable conclusion did appear

to be that the two forms of parasite were indeed connected.
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1 admit, nevertheless, that I am now doubtful of such an

actual connection, especially since I have been working- at

Rovigno. I am more inclined to think that an intra-cellular

parasite may exhibit nuclear dimorphism, in certain conditions

or phases as a result of a close phylogenetic relationship with a

parasitic flagellate (say a trypanosome), without necessarily

being any longer ontogenetically connected with one. Put

into other words, this is to say that a parasite, such as

Halteridium, which shows this feature, is probably derived

from a trypanosome which has become adapted entirely to a

resting, intra-cellular condition, and has coincidently lost,

more or less completely, the ability to develop an active

trypaniform phase.

Berliner, in a recent paper entitled " Flagellaten-Studien "

(1), has incidentally corroborated my account of the occur-

rence of nuclear dimorphism in Halteridium by describing

it in the case of H. nocture, i.e. in the very parasite in

which Schaudinn first maintained it was present. Berliner's

figures are very striking and interesting. His preparations

were stained with iron-hgematoxylin, and another most im-

portant point brought out by this method of staining is the

close correspondence between the structure of the (chief)

nucleus in the Halteridium and that of the trophonucleus

of a trypanosome. I need not dwell upon this point here, as

Professor Minchin and myself have already referred to it in

our paper (13), showing the essential difference which exists,

on the other hand, between the nuclear structure of a h«mo-
gregarine and of a trypanosome ; and we shall have more to

say about it in our own account of the parasites of Athene
n o c t u a.

This fact furnishes, however, strong additional evidence in

support of the (modified) view of a close relationship between

Halteridium and the hffimoflagellates, which I am inclined

to pi'efer. On this view the gradual "Riickbildung " of the

kinetouucleus—which is associated principally, of course, with

the locomotor activities—can be readily understood, and is,

indeed, to be expected. It accounts, further, for the com-
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paratively small size of the kinetonuclear element, as well as

tor the fact that it is not always distinguishable as asepurate

organella, differentiated from the main nucleus. On the other

hand, such a phylogenetic connection of H a 1 1 e r i d i um with a

trypanosome would also render it quite possible that, in certain

cases, such as the incidence of an unusual stimulus or under

some other special circumstances, the parasites might attempt

to pass into—to revert to, as it were—atrypaniform condition.

Thus would be explained the peculiar form of individual I

have above described, which appears to have developed a

flagellar thread.

This view agrees in substance, it will be seen, with

Hartmann's ideas (5) of the Ha3mosporidia as a whole, which

he has united with the haemoHagellates in one group—the

Binucleata—the common character being the possession of a

binuclear condition, i. e. of nuclear dimorphism. So far as

the hsemogregarines are concerned I do not think they show

any evidence at all of this feature (cf . Minchin and Woodcock,

I.e.), and therefore consider that these forms, at any rate,

should be kept separate.^ With regard to the malarial para-

sites (e.g. Plasmodium and Proteosoma), Hartmann
considers that these show indications of nuclear dimorphism;

apparently, however, the kinetonuclear element is in a more

" riickgebildet " condition than is the case in Halteridium.

Hartmann thinks, further, that these forms show other

evidences of a h^moflagellate ancestry, such as the presence

of a delicate, narrow, undulating membrane, with flagellar

border in the microgametes. This opinion was maintained

also by Schaudinn in the case of the microgametes of Hal-

teridium.

Not having personally studied the finer structure of the

malarial parasites, I cannot say much about Hartmann's

opinion. If the above view is correct, as I consider it to be,

' In a later paper on this subject, wliicli I have seen just as my MS.
is about to go to the press, Hartmann and Jollos (" Arch. Protistenk..'

xix, p. 81, 1910) have apj^arently come to the same conclusion, and

remove the hajmogretrarines from the Binucleata.
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in the case of Halteridium, there is nothing inherently im-

probable in supposing that it holds good for the malarial

parasites as well ; this was, it will be remembered, Schaudinn's

idea also. The first essential point, however, is to show that

these pai'asites possess a nucleus (trophonucleus) of the true

hEemoflagellate type (such as is shown by the trypanosomes

and Halteridium), as revealed by a stain like iron-

hsematoxylin.

As regards the finer structural details of the microgametes

of Halteridium, I have been unable to assure myself of the

presence of an undulating membrane and flagellar border. I

have examined both faintly stained and intensely stained

individuals, which, for all I know to the contrary, were as fully

developed and mature as if they had been taken from the

stomach of the insect; I have studied them with the best

objectives and with the best possible illumination. I think the

photos reproduced give very accurate representations of these

delicate and minute organisms ; and neither my friend^ Dr.

Reid, who has most kindly taken these photos for me, nor I

myself, can make out such a structure. It may be there or it

may not; I must leave the point unsettled.

Certain of the microgametes in the photos show clearly the

centrosomic granule at one end. The opposite end is finely

tapering, and comparable to a cytoplasmic tail; as Schaudinn

pointed out, it does not appear to be of flagellar nature. The

end possessing the centrosomic granule is to regarded as the

anterior end ; it is by this end that the microgamete pene-

trates the female element, as can be distinctly seen in fig. j.

As I mentioned in a former section, I examined particularly

cultures inoculated with blood containing these ripe gametes,

with a view to finding stages in the development of the

ookinetes. Somewhat to my surprise, I could find no indica-

tions of any developmental changes in the halteridia in the

cultures. I saw no ookinete-like phases, and, indeed, only one

or two halteridia which had become liberated from the cor-

puscles, and these appeared to be degenerating and dying.
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6. Note on Leucocytozoon fringillinaecm, n. hv.

Habitat.—There has been considerable discussion with

regard to the exact nature of the host-cell in which these

Avian leucocytozoa are parasitic, some authorities stating

that it is a leucocyte, while others regard it as an erythro-

blast, or else an altered red cell. I have been able to assure

myself that in the case of this species the host-cell is

undoubtedly a uninucleate leucocyte, and not an inmature

red cell or erytlirobiast.^ Alter once carefully comparing

them there is little difficulty in distinguishing between these

two types of cell. Examples of immature red cells are seen

in figs. 22 and 57, and of uninfected uninucleate leucocytes

of about the same size, or a little larger, in figs. 23 and 58.

The nucleus of the leucocyte is relatively larger than that of

the other type of cell, occupying, indeed, most of the body
;

moreover, it is nearly always eccentric in position, with the

result that the cytoplasm lies chiefly on one side, whereas the

nucleus of the erythroblast is central. The appearance of

the two nuclei is also different. The latter contains many
small chromatic masses ; that of the leucocyte, on the other

hand, appears to have a few lai-ge masses, which by the

Komanowsky method of staining do not stand out so sharply

from the general nuclear substance as in the other case.

Further, the cytoplasm of the leucocyte is always distinctly

paler than that of the other kind of cell.

From the immature red cell all transitional stages occur to

the ordinary full-sized red blood-corpuscle ; but I have seen no

connection whatever between such cells and the others—the

uninucleate leucocytes—which are entirely distinct. More-

over, in no case have I found the parasites occurring in the

former type of cell, but always only in the leucocytes.

Wenyon, in his account of L. nu midge (37), figures unin-

fected cells belonging to this type of immature red cell, above

' From the observatious which I have so far been able to make upon
L. ziemauui, iii the httle owl, I am strongly inclined to think that

the same is true for this parasite also.
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described. He also figures a young Leucocy tozoon in a

cell which obviously corresponds to the uninucleate leucocytes

(cf. his fig. 4 with my figs. 24 and 60), But he does not

figure the true type of host-cell (uninfected) at all ; this, I

gather, he considers to be an immature red cell, such as he

figures. I have no hesitation in saying—what, indeed, is

appai*ent from my figures—that the uninucleate leucocytes

(fig. 23) are the host-cells, and not immature red cells or

erythroblasts (fig. 22).

Effects on the Host-cell.—The young Leucocy to-

zoon always penetrates the leucocyte on the side where

there is most cytoplasm. It never becomes actually intra-

nuclear, but it often has a curious position in relation to the

nucleus during its early growing phases, appearing to be

lodged in a deep depression or pit in the side ot" the nucleus

(fig. 62). At times the parasite is almost entirely enclosed

by the nucleus (fig. 19). This result is probably due partly

to a tendency of the Leucocytozoon to push or sink further

inwards, and partly to the growing out or extension of the

nucleus, which undergoes a certain amount of hypertrophy,

in the form of a wide crescentic or semi-circular mass, at

the sides of the parasite. Coincideutly, the nucleus under-

goes an alteration in character, losing all indications of large,

separate chromatic masses, and taking up the stain quite

uniformly. As the parasite grows and expands, the free ends

of the semi-circular nucleus are pushed outwards, and no

longer enclose the Leucocytozoon. When the latter is

full grown the nucleus of the containing host-cell is seen as a

thick, curved mass at one side (figs. 20, 21, 25, and 26).

In my preparations all the leucocytozoa are intra-cellular.

I have never observed more than one parasite in one host-

cell.

My observations, as also those of Wenyon (I.e.), of young

and intermediate-sized gametocytes, intra-cellular in habitat,

and manifestly growing into the adult individuals in a

similar situation, do not support in the least Schaudinn's

view with regard to the origin of the adult gametocytes.
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Schaudinn considered that these were simply the resting-

phases of large, sexual trypanosomes, which had come into

relation, in a peculiar manner, with the leucocytes, causing

the host-cell to become greatly extended and altered in form.

I agree with Wenyon that this view cannot be sustained.

Structure of Gametocy tes.—In stained prepara-

tions the parasites occur in two well-marked and distinct

forms, which represent without doubt male and female game-
tocytes, since they agree very well with these types in other

leucocytozoa. The parasites occur in all sizes, from very

young forms up to what are probably fully grown, mature

individuals (tigs. 19, 20, 24, and 25). Even in fairly young
individuals the male or female character can be often recojf-

nised (figs. 19 and 24). The diameter of a rounded individual

averages about 8^ to 9 ^ ; the ovoid parasite of fig. 26 is 11 fx

by 6|^ fi. Female forms appear to attain a slightly larger

size than male forms.

Comparing a male gametocyte with an individual of female

sex, the cytoplasm of the former stains much paler than that

of the latter, and appears to be more homogeneous in structure.

The cytoplasm of a female individual is distinctly granular.

The nucleus of a male form is large and somewhat diffuse

;

it appears to contain a number of small chi'omatin granules

(probably really chromatin " dust," which stain pinkish.

The female nucleus is small, compact and dense; its chromatin

grains stain darker and more intensely than in the other case.

Both in the male, as well as in the female form, a definite

small chromatic body is sometimes found outside, but close

to the chief nucleus (figs. 20, 25, and 26) ; it has also been

seen in small parasites (figs. 19 and 60). This small body

corresponds to that associated with the nucleus of L.

ziemanni, where it was first described by Schaudinn. As

I hope to have something to say subsequently, in conjunction

with Professor Minchin, upon the nuclear structure of the

latter parasite, I will not discuss this point at present,

especially as my material is limited and all stained by

the Komanowsky method.
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One feature about this new Leucocytozoon is of great

interest aud importance, tlie fact, namely, that in no instance

observed is the cytoplasm of the host-cell extended in the

form of a spindle at both sides. Even where the body of

the parasite is oval in shape, and more comparable in

form to the deeply stained portion of the body in other

leucocytozoa, there is no sign of any extension of the proto-

plasm of the leucocyte. If in the case of other species, e. g.

L. ziemanui, L. numid^, this great drawing out of the

ends of the host-cell is due merely to the parasitic influence

of the Leucocytozoon, why does the parasite not produce

the same effect here ? I certainly think it is quite as

probable that, in those cases where the spindle-like appear-

ance is shown, there is some more material cause for this

constant shape, and that there is really a prolongation of the

body of the parasite,' in the nature, perhaps, of a faintly

staining ectoplasmic layer, for some distance at the two

sides, to which is chiefly due this extension of the cytoplasm

of the host-cell. Upon this point, also, I shall be able to say

more when I have studied the preparations of L. ziemanni.

If this is the correct explanation, it is evident that the

Leucocytozoon of the chaffinch has lost its ectoplasmic

layer, at least so far as can be made out. This develop-

ment would indicate a closer adaptation to the intra-

cellular condition, which is also seen, perhaps, in the rounded

form of the parasite, the other species known being much
more fusiform.

I propose the name L. f ringillinarum for this new
species of Leucocytozoon from the chaffinch ; the parasite

found by Stevenson in the greenfinch probably also belongs

to this same species, since, so far as I can ascertain from the

preparation kindly given me by Stevenson, it also has the

rounded form and does not cause the host-cell to become

spindle-shaped.

Of the many species of Leucocytozoon now known, only

two or three, so far as I am aware, have been described as

having the rounded form, and with the host-cell lacking the
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spindle-like prolongations. The desci-iptious of these forms

are to be found in a series of notes by Mathis and Leger (10a-

IOd). I wish to point out that as regards one at any rate,

and possibly more than one, of their parasites, the authors, iu

describing the gametocytes (and their host-cells) as rounded,

appear to have been dealing simply with individuals which

had begun the active process of rounding themselves oft" pre-

paratory to rupturing the host-cell and becoming liberated as

ripe gametocytes. Now, in preparations of the fusiform

species (L . ziemanni and others), which show gametocytes

caught iu this act, it is generally impossible to recognise any

longer the typical fusiform shape, the cytoplasm of the host-

cell having been quickly disorganised.

In the case of Mathis and Leger's forms L. cauUeryi (a

rounded form) and L. sabrazesi (spindle-like), both from

the same host, namely a fowl (Tonkin), I feel sure that the

latter parasite is the typical intra-cellular form of the former.

Thanks to the authors' kindness in sending some of their

preparations of these parasites to the Lister Institute, I have

been able to compare them. On a slide containing L.

caulleryi all the individuals found are quite rounded-ott',

and, moreover, there is no sign of the host-cell in connection

with them, i.e. the latter has been ruptured and dis-

organised, and the parasites are seen as ripe, free gametocytes.

A slide containing L. sabrazesi, on the other hand, shows

the parasites still within their host-cell, the latter having the

usual spindle-like prolongations. Mathis and Leger them-

selves say, in their note on L. caulleryi (10a), that only

exceptionally did they see the nucleus of the host-cell

—

evidence that the latter had been ruptured and disorganised.

Hence I myself have no doubt, especially when the fact of

these two parasites being found in tiie same host is considered,

that L. sabrazesi is only a synonym for L. caulleryi, and

that this species (L. caulleryi) belongs really to the fusi-

form group.

On the other hand, in the case of the species I have

described, L. f ringilliuarum, there is no doubt that it is
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quite distinct from the fusiform group, since in all stages—

:

from young forms right up to large gametocytes—the parasite

and its host-cell retain the rounded form. Apparently Mathis

and Leger's form, L. marchouxi, from Turtur humilis

(lOc), also agrees with this type, for in this case the authors

find the host-cell intact, the whole appearance of parasite

and leucocyte being, so far as can be judged from the account,

similar to that of L. f rin gill i nar um.

The Lister Institute,

April. 1910.

Bibliography.

1. Berliner, E.—'-Flagellaten-Studieu," 'Arch. Protistenk.,' xv, p. 297,

pis. 28 and 29, 1909.

2. Chagas, C.
—

" Studien ilber Morpliologie und Eutwickelnngscyclus

des Schizotrypanum cruzi, n. g., n. sp., Erreger einerneuen

Krankheit des Menschen," 'Memorias lust. Oswaldo Cruz

(Rio de Janeh-o)," i, pp. 159, pis. 9-13, 1909.

3. Chatton. E., and Alilaire, E.—"Co-existence d'un Leptomonas
(Herpetomonas) etd'un Trypanosoma cliez mi Muscidenon

vulnerant, Drosophila confusa," ' C.R. Soc. Biol.,' Ixiv,

1908, p. 1004.

4. Dutton, J. E., and Todd, J. L.—" First Report of the Trypanoso-

miasis Expedition to Senegambia (1902)," ' Mem. Livpl. Sell.

Trop. Med.,' No. 11, 1903.

5. Hartmann, M.—-"Das System der Protozoen," 'Arch. Protistenk.,'

X, 1907, p. 139.

6. Laveran, A.—" Sur mi Trypanosome d'un choiiette," ' C.R. Soc.

Biol.,' Iv, 1909, p. 528.

7. Leger, L.—"Sur un Flagelle parasite de FAnopheles maculi-
pennis." ' C.R. Soc. Biol.,' liv, 1902, p. 534, 10 figs.

8. Leishman, W., and Statham, J. C.
—"TheDev^elopmeiit of the Leish-

man-Donovan Body in Cultivation," ' Journ. Army Med. Corp.,'

iv, 1905, p. 321, 1 plate.

9. Liilie, M.— '• Die iin Blute schmarotzenden Protozoen," in Mense's
' Handbuch der Tropenkrankheiten,' iii, pt. 1, p. 69 (Leipsic: J. A.

Barth, 1906).

10. Mathis, C.—"Sur une modification au milieu de Novy-McNeal pour

la culture des Trypanosomes," 'C.R. Soc. Biol.,'lxi, 1906, p. 550.



734 H M. WOODCOCK.

10a. Matins, C, and Lcger, M.—" Leucocyto/oon de la poule,"

' C.R. Soc. Biol.,' Ixvii, 19U9, p. 47U.

10b. " Sur un nouveau Leucocytozoon de la poule,"

' C.R. Soc. Biol.; Ixviii, 191U, p. 2±

10c. '"Leucocytozoou d'une touterelle (Turtur

humilis), etc.," C.R. See. Biol.,' Ixviii, 1910, p. 118.

IOd. " Leucocytozoon de la perdvix du Tonkin,

'Ann. Inst. Pasteur,' xxiii, 1909, p. 740, pi. 19.

11. Minchin, E. A.— "' Investigations on the Development of Trypano-

somes in Tsetse-flies, etc.," ' Quart. Journ. Micr. Sei.,' 52, 190H,

p. 159, pis. 8-13.

12. " Observations on the Flagellates parasitic in the Blood of

Fresh-water Fishes," ' Proc. Zool. Soc.,' 1909, i, p. 2, pis. 1-5.

13. and Woodcock, H. M.—" Observations on Certain Blood-

Parasites of Fishes Occurring at Rovigno," ' Quart. Joum. Micr.

Sci.," 55, 1910, p. 113, 3 pis.

14. Novy, F. G., and McNeal, W. J.
—

" On the Trypanosomes of

Birds," ' Join-n. Infect. Dis.,' ii, 1905, p. 256, 11 pis.

15. and Torrey, H. N.—" The Trypanosomes of Mos-

quitoes," ' Journ. Infect. Dis.,' iv, 1907, p. 223, 7 pis.

16. Patton, W. S.
—"The Life-Cycle of a Species of Crithidia para-

sitic in the Intestine of Gerris fossarum," " Arch. Protistenk.,'

xii, 1908, p. 131, pi. 9.

17. "Herpetomas lygaji," 'Arch. Protistenk.,' xiii, 1908, p. 1,

18. "The Life-cycle of a Species of Crithidia parasitic in the

intestine of Tabanus bilarius, etc.," 'Arch. Protistenk.,' xv,

1909, p. 333, pl. 30.

19. (with Strickland, C.)
—

" A Critical Review of Blood-suck-

ing Invertebrates in Relation to the Life-cycles of the Trypano-

somes of Vertebrates," ' Pai-asitology,' i, 1908, p. 322.

20. " A Critical Review of oiu- present Knowledge of the

Ha;moflagellatts and Allied Forms," "Parasitology," ii, 1909, p. 91.

21. Petrie, G. F.—" Observations Relating to the Structure and Geo-

graphical Distribution of Certain Ti-ypanosomes," ' Joum. of

Hygiene,' v, 1905, p. 195.

22. Prowazek, S.
—"Studien uber Siiugethiertrypanosomen," ' Arb. kais.

Gesundhtsa.," xxii, 1905, p. 1, 6 pis.

23. Robertson, M.—" Studies on a Trypauosome found in the Alimen-

tary Canal of Pontobdella," "Proc. Roy. Physic. Soc. Edin.,'

xvii, 1907, p. 83, i pis.



STUDIES ON AVIAN H.TIMOPROTOZOA. 735

24. Roljertson, M.—" Farther Notes on a Trypanosome . . . from
Pontobdella," 'Quart. Journ. Micr. Sci.,' 54, 1909, p. 119,

pi. 9.

25. " Studies on Ceylon Hasmatozoa: The Life-cycle of Try-
panosoma vittataj," 'Quart. Journ. Micr. Sci.,' 53, 1909, p. 665,

pis. 16 and 17.

26. Roxtbaud, E.—"La Glossina palpalis ; sa biologieson role dans

I'etiologie des trypanosomiases " (' These, Paris," 1909). Ex-

tract from ' Rapport Miss, d'etudes maladie du sommeil au

Congo fran(?ais (1906-1908)." Laval (Barneoud et Cie), 1909.

[Brief notes on several of the points treated in this Memoir
have been published in the ' C.R. Acad. Sci.,' cxlvi, p. 423; and
in ' C.R. Soc. Biol..' Ixiv, p. 1106, and Ixv, p. 39 (on new Lepto-
monas spp.), 1908.]

27. Schaudinn, F.—"Generation- und Wirthswechsel bei Trypano-
soma und Spirochasta," ' Arb. kais Gesundhtsa.,' xx, 1904,

p. 387.

28. Sei'gent, E. and E.—" Sur un Flagelle nouveau de Fintestin des

Culex et des Stegomyia, Herpetomonas algeriense,"
' C.R. Soc. Biol.,' Ix, 1906, p. 291.

29. "Observations sur les Hematozoaires des oiseaux d'Algerie,"
' C.R. Soc. Biol.,' Iviii, 1905, p, 56.

30. Sergent, E. and E.—" Etudes sur les Hematozoaires de oiseaux,"

' Ann. Inst. Pasteur,' xxi, 1907, p. 251, pis. 6 and 7.

31. Stuhlmann, F.—" Beitrage zur Kenntniss der Tsetsefliegen (Gl.

fusca, etc.)," ' Arb. kais Gesundhtsa..' xxvi. 1907. p. 83, 4 pis.

32. Swingle, L. D.—" A Study on the Life-history of a Flagellate

(Crithidia melophagi, n. sp.), in the Alimentary Canal of the

Sheep-tick (Melophagus ovinus)." 'Journ. Infect. Dis.,' vi,

1909, p. 98, 3 pis.

33. " Some Studies on Trypanosoma lewisi." 'Trans. Amer.
Micr. Soc.,' xxvii, 1907, p. Ill, 1 pi.

34. Thiroux, A.—" Recherches morphologiques et experimentales sur

Trypanosoma paddse," 'Ann. Inst. Pasteur,' xix, 1905, p. 65,

pi. 4.

35. Thomson, J. D.—" Cultivation of the Trypanosome found in the

Blood of the Gold-fish," ' Journ. Hygiene,' viii, 1908, p. 75, pi. 3.

36. Yassal, J.
—

" Sur un nouveau Trypanosome aviare," ' C.R. Soc.

Biol.,' Iviii, 1905, p. 1014.

37. Wenyon, C. M.—" Report of Travelling Pathologist and Protozoolo-

gist." ' Report Wellcome Res. Lab.,' iii, 1908, p. 121, pis. 9-16.



786 H. M. wooDr'ofK.

38. Woodcock, H. M.—" On the Occurrence of Nuclear Dimorphism in

a Halteridiuni Parasitic in the ChaflEinch, etc.," ' Quart. Joum.

Micr. Sci.,' 53, 1909. p. 339 (text-fi^'s.).

39. " The Ha^motlagellates and Allied Foinis." in Lankester's

' Treati.se on Zoology.' vol. i,
'" Protozoa," fasc. i, p. 193. London :

A. and (J. Black. 1909.

EXPLANATION OF PLATES 27—31,

Illustrating Dr. H. M. Woodcock'.s paper " L On certain

Parasites of the Chaffinch (Fringilla cfjelebs) and

the Redpoll (Linota ruf escen.s).'
>>

[All the drawings on Pis. 1—4 are drawn to a uniform niac(nification of

2000 diameters. For several of the coloured figures on PI. 1 and for

two or three of the drawings on each of the other plates I am indeljted

to Miss Rhodes, who has kindly done them for me.]

Plates 27 and 28. With the exception of figs. 7-13. 22. 23. o7, and 58,

all the figures relate to the parasites as found in the l>irds.

PLATE 27.

Figs. 1-6.—Trypanosoma fringillinarum , n. sp.

Fig. 1.—Adult, ordinary individual from the blood of a chaffinch

inoculated from a redpoll-culture.

Fiy-. 2.—Ditto, from the l>one-marrow of a naturally infected chaffinch.

Fi"S. 3 and 4.—Slightly smaller forms : 3. from the Mood of a red-

poll ; 4. from the bone-marrow of a chaffinch.

Figs. 5 and 6.— Small forms of the fusifonn type (case B), from the

bone-mari-ow of a chaffinch.

Figs. 7-13.—Cultural forms of the trypanosome ; 7-12 from chaffinch

cultures ; 13 from a redpoll one.

Figs. 7-9. and 13.—Trypanomonad forms (6 and 7 days).

Fig. 10.—Early trypaniform type (40 hours).

Figs. 11 and 12.—Examples of erjual and unequal binary fission.

Figs. 14-18.

—

Halteridiiim fringillas (Labbe).

Fig. 14.—Female individual.

Figs. 15 and 17.—" Indifferent " individuals.

Fig. 16.—Special form, free in the blood-plasma, with chromatic
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line. (Unfortunately the terminal grannie has not come out in the

plate.)

Fig. 18.—Yery young form.

Figs. 19-2], 24-26, Lencooy tozoon fringillinariim, n. sp.

Figs. 19 and 24.—Yoimg gametocytes, female and male.

Figs. 20 and 26.—Large female gametocytes.

Figs. 21 and 25.—Lai'ge male gametocytes.

Fig. 22.^—Immature red blood-corpuscle.

Fig. 23—Leucocyte (uninfected).

PLATE 28.

Figs. 27-56.—T. fringillinarum.

Figs. 27-33.—Ordinsry definitive forms of the parasite of varying

size ; 27 from a chaflBnch inoculated with redpoll culture. 28-31 from

naturally infected chaffinch, 32 and 33 fi-om naturally infected redpoll.

Figs. 34-38.—Large, massive forms, from a redpoll.

Fig. 39.—? Transitional form, intermediate between ordinary type

and that last mentioned, from a redpoll.

Figs. 40-45.—Series of fusiform parasites from very small to a

moderate size, from a chaffinch (Case B).

Figs. 46-54.—Small forms from a chaffinch (Case A), fusiform or

broad and stumpy ; 48 and 54 show indications of division. Many of

the individuals in both these series show the granular chain or line.

Figs. 55 and 56.—Remarkably slender individuals (? young, definitive

forms).

Figs. 57 and 58.—Immature red blood-cell or ei'ythrol>last and unin-

fected leucocyte, respectively.

Figs. 59-62.—Leucocytozoon fringillinarum.

Fig. 59.—Male individual.

Fig. 61.—Female individual.

Figs. 60 and 62.—Young forms, probably female individuals.

Figs. 63-70.—Halteridium fringillse.

Figs. 63, 65, and QQ.—Medium-sized to large female forms.

Fig;. 64.
—

" Indifferent '' individual.

Figs. 67-69.—Small or intermediate-sized individuals.

Fig. 70 a and h.—Male gametes.

PLATE 29.

Figs. 71-111.— Cultural forms of T. fringillinarum.

[All the figures are from original cultures of 6-8 days, except figs.
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74 iind 10!». wliich are from a second sub-culture of 26 days, specially

for comparison.]

[(c) indicates cliaffincli culture ;
(k) redpoll-culture.]

Figs. 71-86.—The ordinary trypanomonad type, showing variations

in size and in degree of development of the membi'ane.

Figs. 71-76, 83-86 (c) ; figs. 77-82 (r).

Figs. 87 and 88.—Individuals in which the kinetonucleus is a trifle on

the aflagellar side of the trophonucleus ; in fig. 88 division is just being

inaugurated. Both (c).

Figs. 89-95.—Stages in equal binary fission. All (c) except fig. 83,

which is (r).

Fig. 96.—Division-form of sul>-erpial character, giving rise to indivi-

duals of the accentuated trypanomonad kind.

Fig. 97.—Accentuated trypanomonad individual (c).

Figs. 98-104.—Various stages in the unequal division of the accen-

tuated trypanomonad individuals. Figs. 100 and 103 are (r), the rest

are (c).

Figs. 10.5-111.— Illustrative of the two kinds of indiWdual which

result from unequal fission. Figs. 105, 107 (upper half), 108-110,

accentuated trypanomonad forms, often more or less clulj-shaped. with

niiclei far back and well-developed membrane; Figs. 107 (lower

half), 106 and 111 A and B, fusiform individuals, with only slightly

developed membrane ; note the comparatively short flagellum. Figs.

106 and 108 (r), rest (c).

PLATE 30.

Figs. 112-131, 133-163.— Cultural forms of T. fringillinarum

(contd.)

Figs. 112-114.—Pear-shaped forms, probably derived from the

smaller halves of unequal divisions, which have not become fusiform.

Figs. 112 and 114 (c), 113 (r).

Figs. 115 and 118.—Small and large individuals of the accentuated

trypanomonad kind, passing into the ovoid or rounded condition.

Both (c).

Figs. 116, 117. and 119.—Medium-sized rounded forms. (All c).

Figs. 120-125.— Individuals from the (c) cultm-e which showed a

pronounced tendency to develop large massive forms. Many of them

are undergoing division.

Figs. 126 and 127.—Early trypauiform individuals. (c) forty hours.

Fig. 128.—? Transition form from trypanomonad to tryjjaniform type.

(c) 6 days.

Fig. 129.—Small trypaniform individual, (c) 6 days.
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Figs. 130 and 131.—Greatly elongated trypaniform individuals, (c) H

days.

Fig. 132.—Trypaniform phase of a trypanosome of Athene noctua
from the stomach of Culex pipiens.

Figs. 133, 134, and 136.—Roimded forms still possessing a flagellum,

but lacking any signs of an undulating membrane. In the two first a

large vacuole is present. Fig. 133 (c), figs. 134 and 136 (r).

Figs. 135 and 137.—Rounded forms without a flagellum (b).

Figs. 138 and 139.—Small rounded forms in a dying condition ; tlie

two nuclei are gradually disappearing (b).

. Figs. 140-146.—" Pseudo-herpetomonad " forms, illustrating various

degrees in the loss of the memljrane and attached part of the flagellum.

Figs. 140. 145, and 146 (c). 141-144 (b).

Fig. 147.—Herpetomonad form (c).

Figs. 148 and 149.—Pear-shaped forms, with little or no attached

part to the flagellum (r).

Figs. 150-163.—All these forms are from a (b) culture of 19 days.

Figs. 150-153.—Large, altered, unhealthy parasites, witli a develop-

ment of granular substance in the region of the base of the flagellum.

Fig. 154.—Parasite showing two large vacuoles.

Fig. 155.—Individual with a kinetonucleus, but no trophonucleus.

Fig. 156.—Individual with one kinetonucleus and two trophonuclei.

Fig. 157.—Dividing parasite, showing how the unequal distribution of

the nuclei, as found in the two last forms, is brought aljout.

Fig. 158.—Parasite with three trophonuclei for one kinetonucleus.

Fig. 159.—Showing the splitting off of an individual with a flagellum,

but with no nuclear substance at all.

Fig. 160.—A free, active individual, with no definite nucleus of either

kind, but with scattered granules.

Fig. 161.—Showing the splitting-off of a portion of the cytoplasm

•containing only a few granules.

Figs. 162 and 163.—Forms showing irregular multiplication of the

different organellse.
"n"-

PLATE 31.

[The micro-i^hotographs on this plate were all taken for me hj my
friend Dr. D. J. Reid, to whom I wish here to express my deep sense of

his kindness and to offer my sincere thanks. It is as well to point out,

perhaps, that the more deeply stained parts have come out, in most
cases, relatively far too dark.

The magnifications are as follows (approximately) : Figs, a-d 1630,

fig. E 620, fig. F 500, fig. G 550, figs, h and j 1630, fig. k 1840,

fig. L. 1220.]
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Figs. A-D.—Trypanosoma fringillinaruni, as found in the birds.

For description of these figures see under figs. 2, 3, 28. and o4. wliich are
of the same individuals respectively. [In the reproduction the whole
length of the delicate aflagellar prolongation, which is visible in the
actual i^hotos, cannot be made out. Unfortunately there are two small
pieces of debris lying on the parasite of fig. b. which are, of course,

reproduced. One lies about one third of the distance from the kineto-

nucleus to the ti-ophonucleus ; the other on the fold of the membrane
opposite to the nucleus. In the drawn figure (fig. 3) these particles are
omitted.]

Figs. E-G.—Agglomeration clusters of various sizes of T. frin-
gillinaruni in cultures. [The parasites of the first two clusters

are not so nicely stained, unfortunately, as those of the third, but they
show the manner of formation of the cluster.]

Fig. H.—Halteridium fringillai; female individual showinff
nuclear dimorphism (the same is drawn in fig. 14).

Fig. J.—Fertilisation of a macrogamete by a microgamete. Note
that the latter is penetrating by the end which has the centrosoniic

granule.

Figs. K and L.—Microgametes.
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Studies on Ceylon Hsematozoa.

No. II.—Notes on the Life-Cycle of Hsemogregarina nicorise,

Cast, and Willey.

By

Muriel Robertson, M.A.

With Plates 32-41 and 1 Text-figure.
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In 1904 Drs. Castellani and Willey (3) described a lisemo-

gregarine from the blood of the common lake-tortoise of

Ceyloiij Nicoria trijuga. They named the parasite Hsemo-

gregarina nicoriae after its host. Shortly afterwai'ds

these authors gave a somewhat fuller account of their obser-

vations in the 'Quarterly Journal of Microscopical Science' (4).

While in Ceylon in 1907-08 I was able, largely through

the kindness of Dr. Willey, to collect the material described

in the following pages. My observations agree in the main

with those of the eai-lier observers already cited. I have,

however, been able to supplement their results and to give
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an account of some of the processes which take place in the

intermediate host, the leech Ozobranchus shipleyi.

I. Occurrence of the Parasite.

Nicoria trijuga occurs in very large numbers all over

Ceylon. It generally frequents ponds, lakes, and rivers, but

specimens are sometimes found living a semi-terrestrial exist-

ence in places removed from water. The tortoises which

have adopted the drier habitat occasionally show ticks, but I

have never found them infected with the haemogregarine. I

did not, however, examine a sufficiently large number of

individuals to be able to draw the conclusion that the dry-

dwelling tortoises are never infected.

The Nicorias from the usual aquatic habitat are very often

infected with the liasmogregarine. It does not seem to

produce any pathogenic effects even when pi-esent in large

numbers. No other blood-parasites were ever observed in

association with the htemogregarine. The intestinal parasites

were not investigated, but it may be noted in passing that a

Bodo-like flagellate was found on two occasions in the gall-

bladder.

The only ectopai*asites present were ticks on dry-land

tortoises and leeches on the water-dwelling tortoises. The

leeches belonged to a species of Ozobranchus; only once

was an isolated Glossiphonia found upon a Nicoria. I

found that tortoises from all parts of Ceylon sliowed the

liEemogregarine. I never, however, investigated individuals

from more than an elevation of 1500 feet. Generally speak-

ing I found the up-country reptiles were free from blood-

parasites.

II. Brief Summary of the Life-history.

For the sake of clearness it is, I think, advisable to give a

brief account of the life-history of the form under discussion,

in so far as it has been made out, before treating the various

points in detail.
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The liaeiiiogregai-ine in the blood of the tortoise shows the

usual two types, a bean-shaped and a recurved type. Certain

of tlie beau-shaped individuals, namely, the large forms with

a nucleus in which the chromatin is rather loosely arranged,

give rise by a process of schizogony in the lung to a great

number (about seventy) of large merozoites. Another type

of schizogony is found in the circulating blood-corpuscles,

and arises also from bean-shaped individuals. This results

in the formation of a small number (six to eight) of mero-

zoites of quite small dimensions. It appears that the form

which gives rise to this second type of merozoite is itself

derived from the schizogony in the lung. It is probable that

the small merozoites give rise to the gametocytes. The reason

for this assumption is given in another part of the paper.

When the heemogregarines are taken into the crop of the

leech, Ozobranchus shipleyi, together with the blood of

the tortoise, certain of the hasmogregarines pass into the

intestine, and are there found as motile vermicules. They

penetrate into the intestinal wall, where the differentiation of

the hitherto indistinguishable gametes takes place, culminating

in a process suggesting anisogamous conjugation. The

zygote breaks up to form eight sporozoites, which pass

through the intestinal wall into the blood-spaces. The

haemogregarine is probably passed into the blood of the

I^icoria through the contamination of the wound by the leech

while feeding.

III. Phases of the Hj]mogregarine in the Blood op the

Tortoise.

In the living state the hasmogregarine may easily be dis-

tinguished as a clear sausage-shaped inclusion in the red

blood-corpuscles. The protoplasm is slightly more granular

at one end than the other, and the nucleus can be seen as a

sharply defined clear area. The parasites do not show any

sign of movement when they are observed upon a sealed

slide, but free vermicules are very occasionally found in
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serous blood that lias been allowed to stand exposed in

the air. The addition of salt-solution to the blood some-

times causes the hgemogregarines to quit the corpuscle, but

never in lai'ge numbers. Altogether, it may be said that

H. nicorise shows far less tendency to become motile

in the blood than the majority of the species of haemo-

gregarines.

The greater parfc of the blood-films made were preserved

by the drying method and stained with Giemsa; a few were,

however, fixed while still wet in sublimate-acetic, and treated

by wet methods throughout. These wet films were stained

with iron hajmatosylin, and it has been clearly shown that

wet fixation followed by heematoxylin, haeoialum, or other

suitable stain, gives far truer ])ictures than those obtained by

the Giemsa method. All the detail of structure, etc., described

were worked out on the wet films.

l*arts of the various oi-gans, such as the spleen, liver, and

lungs, were also preserved (in Flemming, corrosive-acetic,

and Bles's fluid) and sections made. Bles^s fluid was found

to give an exceedingly good fixation of the blood-corpuscles

and of the parasites they contained, especially in the tissue

from the lung. When stained with hajmalum a very clear

and precise picture Avas obtained, and the results derived

from a study of the films could thus be corroborated and

criticised by means of the section material.

In the stained fihns it can be seen that the parasite is sur-

rounded by a delicate sheath or capsule. The nature of this

capsule shows the greatest possible variation in different

members of the genus H asm ogre gar in a. In some species

it is a thick retractile envelope, which opens to let out the

enclosed parasite when the motile phase is adopted. Even

when the capsule is more delicate it is often capable of

persisting for a time after the hgemogregarine has escaped.

This has been observed by many workers; Castellani and

Willey (4) have shown it in H. mirabilis, Dobell, in a form

from Boa constrictor (6) ; I have myself seen the same

thing in H. triedrus. In H. nicori^ the capsule is rather
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difficult to deuioustrate ; irou-hcBmatoxyliu films or those

counter-staiued with eosia ai-e the best for this purpose. The

capsule never persists after the parasite has escaped, iu fact

it seems that iu this case the envelope may be said to dis-

integrate rather than to be shed in the usual way. The

capsule is to be seen quite clearly iu the live state in in-

dividuals from the crop of the leecli, especially at the time

when the blood-corpuscle has been already digested away,

but before the parasite has passed down to the intestine,

where it becomes motile.

The protoplasm is delicately alveolar, and is sometimes

slightly granular ; chromatoid particles outside the nucleus are

very rare, and this form does not show the curious eosinophile

inclusions found, for instance, in H. vittatte (11). The

nucleus consists, ;is a general rule, of a number of isolated

chromatin granules arranged, often rather symmetrically,

round a small central body (see figs. 1-3). The peripheral

grains of chromatin may be connected by strands with the

central granule. This central granule cannot be called a

karyosome iu anything approaching the same sense in which

this word is applied iu protozoan literature generally. In the

nucleus of this hgemogregarine it is only the position that

marks off the central body from the peripheral chromatin

granules ; it is iu no way distinguished from them iu size or

staining reaction, and iu those cases where the chromatin

granules are less regularly arranged (fig. 9a) it is quite impos-

sible to pick it out with certainty. Nevertheless, it appears

to me to be of a diiferent nature from the other nuclear

elements, iu so far that, in the very primitive nuclear division,

it seems to form a kind of centrodesmose. Not infrequently

the peripheral chromatin granules are joined to one another,

a chroinatin ring being thus formed all round (see figs. 2, 5.

and 8). It must not be supposed that this chromatic ring is

truly a nuclear membrane ; it takes the chromatui stains

deeply, and assumes a bright red colour with Twort's stain.

It is thus in sharp contrast to the green membrane found by

this method round the nucleus in, for instance, some trypauo-
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somes and certain amoebse. I am inclined to tliink that it is

simply formed by the running together of the grains of

chromatin. Forms are sometimes found in the blood of the

tortoise which show the chromatin arranged in an inner and
outer ring ; this type is sliovvn in fig. 5. Finally', forms are

also seen in which the chromatin is in the shape of a large

number of irregularly disposed granules, which may at times

give the appearance of a kind of reticulum (figs. 6, 17, and

18). In H . nicoriae, as in almost all the species known, there

are, in addition to the young forms, two types in the blood of

the vertebrate host, the one a bean-shaped organism with an

approximately central nucleus, the other a long recurved

creature with its nucleus situated in the broader limb near

the bend (see figs. 1, 3, 8, 9, 17 and 18). The bean-

shaped form is always present in far greater numbers than

the fully developed vermiform individuals, but specimens are

very common Avhere the more slender recurved limb is only

about half as long as the broad limb (figs. 2 and 9a). This is

one of the points in which the wet fixation method is so much
superior to the dried films. In the latter the great majority

of these specimens, where the recurved limb is shorter than

the broad one, appear simply to be bean-shaped, the drying

having artificially obscured the recurved limb. There are no

very marked or constant nuclear differences in these tj'pes

;

it may, however, be observed that generally speaking the

larger bean-shaped forms show the more scattered arrangement

of the chromatin. The smaller bean-shaped individuals and

the half recurved creatures have usually the more symmetrical

circular type of nucleus, while the large vermiform specimens

have a slightlj^ elongated nucleus, with a tendency for the

chromatin masses to run together at their edge. A glance

at the figures will make these points clear.

Two main theories as to the significance of the beau-shaped

and vermiform (fully recurved) creatures have been put

forward : (1) That the bean-shaped individuals are macro-

gametes or macrogametocytes, and the recurved ones micro-

gametes or microganietocytes. These two different types or
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their immediate derivatives are by this view expected to con-

jugate in the intermediate host aud give rise to the sexual

cycle. (2) The second view considers that the bean-shaped

creatures are responsible for the endogenous cycle within the

vertebrate, while the recurved vermiform type carries on the

life-history in the intermediate host (15). It appears that in

H. uicoriae, at all events, tlie schizonts (in both types of

schizogony) are bean-shaped when they enter upon the process

of schizogony (see figs. 10 aud 19). I am inclined to think,

however, that too much importance has been attached to the

difference in shape between the recurved and bean-shaped

individuals. The recurving is an appearance caused by the

growth in length of the parasite inside its capsule, and there

seems to be evidence (fig. 8a) which goes to show that the

recurved part is capable of being reabsorbed as the parasite

increases in width. It is therefore not improbable that

certain of the schizonts are really derived from the vermiform

individuals.

Although doubly and trebly infected corpuscles are to be

seen, I have never come across any trace of binary fission nor

of any process that could reasonably be interpreted as conju-

gation within the corpuscle. Hahn (8) has recently described

this process, but I have not been able to corroborate his

results.

Schizogony.—Two quite different types of schizogony

occur in the vertebrate host. The one takes place in the

lung, each schizont giving rise to a very large number (about

seventy) of large merozoites. The other takes place in the

circulating blood-corpuscle, each schizont producing six to

eight quite small merozoites.

Schizogony in the Lung.—The first stage is shown in

fig. 19, and is from a section of the lung; it represents a

bean-shaped hsemogregarine, rather larger in size than those

found in the blood-stream. There is a delicate envelope

round the creature, the protoplasm is rather granular, and

there is a single nucleus with the chromatin arranged in

small irregular grains. The hsemogregarine is not contained
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in a blood-corpuscle, but is apparently lying free in a capillary

of the lung. The schizont now increases immensely in size,

and the nucleus multiplies by successive divisions. The
mitosis is of a very simple type ; the amount of chromatin

seems to augment by division of the granules, the nucleus

becomes slightly elongated, the central body divides, and the

strand of staining material which connects them appears to

play the role of a simple spindle. The chromatin granules

now become loosely grouped about each new central body,

and the connecting strand disappears. From the scarcity of

division-figures one is inclined to think that this primitive

mitosis must take place very rapidly (figs. 16, 21).

During these processes of growth and nuclear multiplica-

tion the shape of the body is maintained, and there results a

very large bean-shaped or sausage-shaped organism sur-

rounded by a membrane. It is circular in section (figs.

21—23), and contains a large number of nuclei ; I have

counted about seventy, but the number appears to vary. A
point of some interest is that very little, if any, diminution

takes place in the size of the nuclei; it will be observed, also,

in the figures that they are evenly distributed through the

cell-body and not arranged at the periphery.

The protoplastn finally segregates round the nuclei, and

there are formed a corresponding number of merozoites,

which still lie within the envelope. They are presently set

free as sausage-shaped hajmogregarines of 6 to 7"5/x in

length, that is to say, only little below the average size

(8 to 10 fxY of the heemogregarines seen in the blood. They

have usually rather regular nuclei of the rounded or slightly

elongated type.

Schizogony in the Blood-corpuscle (figs. 10-16).

—

In the blood of practically all the infected tortoises examined

multinucleate liEemogregarines were found in greater or less

numbers. These forms may show any number of nuclei up to

eight ;
generally, however, they do not show more than six.

From a study of the early biuucleate phases it is clear that

these specimens arise from beau-shaped htemogregarines (figs.
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10 and 11).^ The parasite remains inside the blood-corpuscle

{fig. 11 is a case where the creature has been liberated

ruechanically in the making of the film), and does not undergo

any increase in size. Finally, the protoplasm segregates

round the small, slightly elongated nuclei, and a correspond-

ing number of little falciform merozoites are formed inside

the original envelope (figs. 14 and 15). This stage is rather

difiicLilt to find and must be of short duration, as it is some-

what rare in comparison with the number of multinucleate

creatures to be found in the blood. In the cases 1' have

found the number of merozoites is six, but I should expect

that eight may sometimes be formed, as rare stages with

more than six nuclei are to be seen (see fig. 13). Schizogony

stages of this type occur in blood from any part of the

tortoise. The merozoites, which are much smaller (4^) than

those formed in the lung, finally escape and penetrate into

another blood-corpuscle, where they proceed to grow. It is

unfortunately almost impossible to trace the subsequent

career of these young forms with any satisfying measure of

certainty. There are, practically speaking, no distinctive

featui-es to lay hold of, and once they have increased in size

there is nothing to distinguish them from other forms. The

impression I have gained in my attempts to follow their

development is that they grow into a compact bean-shaped

creature of no great size (see figs. 4 and 7). The nucleus is

inclined to stain deeply, and is composed of separate granules,

which may be arranged irregularly or in a circle—the latter

is on the whole the more common. Beyond this point I have

not been able to trace these forms; I was always working

with natural infections, which appeared to be of a chronic

^ The question arises as to whether these bean-sliaped forms which

give rise to the schizogony in the peripheral blood are derived from the

vermiform type. The evidence to Ije drawn from the infections of

H. nicorias which I examined is very inconclusive. In H. vittatae,

a form parasitic in the tortoise Emyda vittata, however, the recurved

type appears only relatively late in the infection, and I am therefore

inclined to think it is associated with the later periods of schizogony

and possibly with the process as it occurs in the peripheral blood.
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type and geuerally of long standing. It is obvious that only

by following the successive stages of the infection in a

previously clean tortoise can points like this be really con-

clusively determined.

Interpretation of the Two Types of Schizogony.

—

There are three views which might be put forward in explana-

tion of the facts : (1) That the schizogony in the lung with

the large merozoites gives rise to the female gametes, and the

schizogony in the blood-corpuscles to male gametes. This

view is, I think, inadmissible, as it is very unlikely that the

small male gametes should be produced in such small numbers,

namely six to eight to one parent individual, while the female

gametes are produced in large numbers—about seventy to

one parent individual.

(2) The second, and I think more probable, explanation is

that the schizogony in the lung is the endogenous asexual

multiplication, and that certain of the merozoites thus formed

proceed in turn to form gametocytes by the schizogony in the

blood-stream.

(3) A third quite plausible explanation is that the schizogony

in the lung is brought about by the newly injected parasite

—

that is to say, it is the first activity of the heemogregarine

upon arriving- in the vertebrate host. Miller's (9) account of

Hepatozoou perniciosum, Chagas' (5) work on Schizo-
trypanum, and Aragao's (1) on H asm o pro tens cblumbae
furnish parallels for such an interpretation. On this view the

schizogony in the blood-corpuscle would be the later, and, so

to speak, chronic process of multiplication, which would at

some period culminate in gamete formation.

I think the evidence is strongest in support of the second view

(2) put forward, namely that the schizogony in the lung is the

asexual multiplication, and that in the blood gamete-forma-

tion. A somewhat important point against view (3) is the

fact that the schizont in the lung does not appear to penetrate

a lung-cell, which one would expect it to do did it arrive in

the lung as a free vermicule (sporozoite). Moreover the

possession of an envelope in so early a stage as that shown
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in fig. 19 strongly suggests that it lias had an enclo-corpuscular

existence. I have nevei* seen any sign of the parasite reach-

irig the lung by being engulfed by leucocytes, and I am there-

fore inclined to think that the schizonts in the lung must

have come from the blood-corpuscles.

IV". Stages in the Leech.

Before giving an account of the stages of Haemogregarina

nicoriee observed in the leech, it will, I think, be well to

describe the more important features of the leech itself.

The form in question belongs to the Rhyuchobdellid genus

Ozobran chus. Mr. W. A. Harding, to whom tlie leech was

sent for identification, found that it belonged to a new species,

and called it Ozobranchus shipleyi. It is a small aquatic

form carrying a row of feathery gills on each side of its body.

The creature rarely reaches more than about one third of an

inch in length even when fully extended. Generally speaking,

it is found attached to the tortoise at the back of the neck,

round the sockets of the limbs, and more rarely upon the

ventral side near the throat. The leeches have a tendency to

assemble together in groups—a habit they preserve even when

kept in a glass dish. The gills of the Ozobranchus are kept

in constant motion, and the animal dies if left out of water for

any length of time. I was not very successful in getting the

leeches to live for long in captivity, nor was I able to discover

exactly what was amiss in the conditions to which they were

exposed. Possibly the smaller quantity of water rose to too

high a temperature. Leeches nre usually very hardy and live

well in captivity. I had no difficulty in keeping Poecilob-

della alive in Ceylon for months. I have often observed,

however, that newly fed specimens are much less resistant

than fasting individuals, and this seems true of a number of

different species of leech. Almost all the Ozobranchus I

got were either in the act of feeding or newly fed, and there-

fore in the least favourable condition. This leech seems to

show a much closer adaptation to its host than generally
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obtains among" the group. Thus it was never found upon

Emyda (the milk tortoise) living in the same lake with the

Nicoria, nor upon thesiluroid fish Saccobranchus, nor upon

tlie water-snakes which shared the same habitat. Even in

an area so restricted as a well, these leeches were only found

to infest the Nicoria. Moreover, Ozobranchus lays its eggs

upon the carapace of the tortoise ; they ai'e of a dai-k brown

colour, closely resembling that of the tortoise, and are so

firmly cemented on that it requii-es a knife or some fairly

sharp instrument to detach them. It appears that the leeches

move readily enough from one tortoise to another, but it is

difficult to make out exactly how they are adapted to the

terrestrial night-wandering of their host. Tlie Nicoria spends

all the day sleeping in the water and comes to land to prowl

around at night, so most likely the leeches feed during the

day and drop off at night. Generally speaking I got more

leeches from nicoria caught in the evening, but there were,

however, some exceptions to this; presumably these were

cases where the tortoise had spent the night either in the

water or in a damp place. Ozobranchus is capable of

executing rather feeble swimming movements, and, in addi-

tion, can creep around upon its suckers in the usual way. The

time taken to digest a meal seems to vary from about three

to seven davs, according to the size of the leech.

In Ozobranchus shipleyi the pi'oboscis leads into the

crop, which is a wide, very extensible sac dividing into two

large lobes at its lower end. The intestine opens from the crop

at the point where the division takes place. The upper end of

the intestine, which is rather wide, shows four long diverticula

on each side (see fig. in text, p. 753), This wide part of the

intestine terminates in a kind of chamber Avhich opens by a

narrow communication into a simple coiled tube, which leads

to the exterior at the anus. For some reason the most infected

part of the gut wall is almost always this chamber at the end

of the wide intestine. The accompanying diagram, which was

made from reconstructions of sections by the glass-plate

method, shows the relations of the vai-ious parts of the ali-
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mentaiy tract. The cells lining the intestine are very large

and richly ciliated ; their protoplasm has a strong affinity

for all nuclear stains, including the red element in Twort's

stain. The nuclei are very large and reticulate, often showing-

several karyosomes.

The stages of the parasite in the leecli had to be studied

for the most part upon section material; sublimate acetic and

Fleraming's fluid were the fixatives used. The leeches were

usually placed between two slides, so as to prevent undue

Diagram of the alimentary tract of O z o b r a n c li u s s li ip 1 ey i

.

retraction. As regards staining, Delafield's hfematoxylin,

Twort's stain, thionin, methyl-blue eosin, and Mayer's htema-

lum were all used with good effect, lisemalum and Delafield

being the most generally useful. Heidenhain's iron-liEema-

toxylin was quite impossible, as it darkened the whole

intestinal region so intensely that, long before that region

was sufficiently colonrised, the remainder of the section was

completely bleached.

I am indebted to Mr. Peter Jamieson for the skill with

whicli he has cut the many sections required.

I may mention in passing that the intestine of the leech is,
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as a o-eueral rule, extraordinarily free from bactei-ia, schizo-

mycetes, etc., and although a total of about 150 leeches were

examined, I never found them to contain any flagellates, or,

indeed, any protozoan parasites other than the hteraogregarine.

A large number of observations upon live material from the

leeches were made in the hope that the sequence of the

processes might be followed by direct observation, but this

proved to be impossible, as the development occurs in the

tissues of the leech.

The blood upon being taken up l)y the leech is stored in

the large crop, where the blood-corpuscles undergo a gradual

degeneration. The blood passes in small quantities into the

intestine, where it is digested and absorbed. Blood-corpuscles

are never fonnd, nor even their nuclei, in a recognisable state

in the intestine, and this holds good even in the case of a

newly fed leech. A large number of live observations were

made, but no motile hi^mogregarines were ever found in the

crop. This particular htemogregarine appears to be digested

out of the corpuscle (Hgs. 25 and 26), and only to become

motile when it passes into the intestine. I am persuaded

that this cannot be universal amongst haemogregarines ; so

many species react almost instantly to the mere shedding of

the blood that I expect in other cases the parasites will be

found to become motile at once upon being taken into the

intermediate host. Motile haemogregarines are to be found

in tlie intestine at intervals all through the digestion, but

except in cases where the blood is very rich in parasites,

there are never a very large number present at one time.

The hasmogregarine never makes any attempt to attack the

wall of the crop.

A number of hajmogregarines seem to degenerate in the

crop (fig. 27), but degeneration stages are only rarely found

in the intestine; it seems to fare with these, as with the

blood-corpuscles, that they disintegrate before reaching the

intestine. So far as my observation goes, neither the large

bean-shaped forms nor the completely recurved individuals

are to be recognised in the intestine. The individuals which
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are met with in this situation have a round or oval nucleus

with the chromatin grains fairly regulai'ly arranged (figs.

28-84), and seem, as far as morphological features are con-

cerned, to be the motile phases of such types as are shown in

figs. 1-3 and 9a from the blood of the Nicoria, and figs.

21 and 26 from the crop. The protoplasm of the hsemo-

gregarines have very little affinity for most stains, and this

is particularly true of the stages in the leech.

The motile creatures carry out movements of flexion and

also of contraction and extension; in addition to this they

can glide by means of very shallow undulations passing down
the body. This constricting motion, as in analysis it really

is, is most strikingly ^een in H. leschenaultii (a hfemo-

gregarine from H em idacty 1 ns leschenaultii), but the

difference is purely one of degree.

The faculty of contracting and extending the whole body

shown by the motile forms of H. nicorias is a disturbing

factor when an attempt is being made to divide the parasites

into different categories. After much searching, I have

come to the conclusion that the only distinction between the

parasites while still in the lumen is one of size, and I

consider this to have practically no value when O'ae remembers

the capacity of the creature for stretching, and the great

difficulty in getting a correct idea of bulk in an animal of

this type. The drawings have been made from sections, and

here one has the additional danger of not always getting the

animal in a perfectly horizontal position.

It was noticed not infrequently in the live specimens from

the intestine that two equal individuals ranged themselves

side by side, but complete fusion was never observed. In the

sections this association in couples was again found (see

fig. 35), and the individuals showed no differentiation. Here,

also, stages indicating complete fusion were not seen ; only

the two cases figured (figs. 36 and 37) were observed, and

as both these are cut obliquely they are not particularly

convincing. I therefore think that if appearances such as

those shown in figs. 35-37 relate to conjugation at all, they
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iiru ouly instances of (perhaps precocious) association. After

a time (figs, 38-41) the haemogregarines penetrate the intes-

tinal wall, where appearances quite different from those just

described suggest conjugation of a type closely resembling

that found by Siedlecki (14) in Adelea ovata, and by
Perez (10) in Adelea rnesnili. Fig. 44 gives a picture of

an early stiige ; the macrogameta has become differentiated

as a large rounded organism with a nucleus in which the

chromatin is beginning to form a ratiier diffuse mass instead

of being arranged in the definite granules seen in the motile

phase. The nucleus of the microgametocyte is very com-
pact, and stains deeply, the protoplasm has not fused with

that of the microgamete, nor does it appear to do so sub-

sequently.

From appearances such as fig. 45, the microgametocyte

nucleus seems to divide into three or four, of which two or

three, as the case may be, remain outside and degenerate;

they sometimes persist for a long time^ and are to be seen

forming a dense mass of chromatin on the edge of the

sporocyst (see figs. 49, 51, 52). The division of the nucleus

of the microgametocyte into four is probably the more normal

condition, the cases where three are formed being most likely

due to the suppression of one of the divisions. One of the

four microgamete nuclei thus formed appears to pass into

the protoplasm of the macrogamete ; unfortunately quite

clear pictures of the fusion of the gamete nuclei and the first

division of the zygote nucleus were not found. Fig. 47 B

shows a condition su^-gestinof the latter stage, but in view of

certain reactions on the part of the host-cell to be noted

later, I do not feel perfect confidence in this interpretation.

It is quite impossible to pass over these appearances without

noting their very probable significance as conjugation and

their close resemblance to the fertilisation of Adelea ; at the

same time I am fully aware of important gaps in the series.

Great caution is required in interpreting these appearances,

as degenerating hasmogregarines are occasionally found in

the gut wall. Moreover, the host-cell seems sometimes in
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strong infections to react to the presence of the parasite

by the formation of internal masses resembling- the mucoid

globules described by Leger and Duboscq (8 a).

Formation of Sporozoites.

•The further development of the parasite culminates in the

formation of eight sporozoites. A membrane is secreted

round the protoplasm, forming a kind of cyst-wall, but it

appears to be thin and not very resistant. Fig. 46 shows an

early stage where there are only two nuclei present. Subse-

quent divisions occur, and appearances such as fig. 48 ai-e

produced, where the lai-ger nucleus at one end of the creature

is preparing for division. Finally (see figs. 49-53), the

protoplasm segregates round the nuclei, and there are pro-

duced eight individuals; these when fully developed show

considerable resemblance to the free motile forms found in

the lumen of the intestine, and are of much the same size.

The sporozoites are set free in the wall and pass out into the

blood-spaces (see fig. 47 c, 54-56), where they can be dis-

tinguished from the corpuscles of the leech by their shape

and characteristic nuclear appearance.

There is a well-marked correlation between the processes

of digestion in the leech and the condition of the parasite.

In a recently fed leech the free motile forms are numerous in

the intestine but no multiplicative stages are to be seen in

the wall. Later on the haemogregarines have penetrated the

wall, but only the earlier stages are present. Still later ripe

cysts with fully formed sporozoites are found in considerable

numbers in good infections. Quite late towards the end of

digestion, when the crop is empty, the sporozoites have for the

most part escaped into the blood-spaces, and the intestinal

wall is once more almost free from parasites.

I have not been able to carry my investigations beyond

this point, and cannot say by what means the hferaogregarines

are passed back into the blood of the tortoise. In spite of

much searching I have never found motile stages of the para-
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site in the proboscis, nor do tlioy appear in tliis region in the

sections.

V. General Remarks and Conclusions.

When the forof'-oing account was all but complete, 1

received Dr. Reichenow's (12) interesting preliminary note

on H. stepanovi. The results I have obtained coincide in

all essential points with those of Reichenow, and the evidence

he hais obtained upon the question of conjugation is much
more conclusive than that brought forward by myself, as he

has figured the first two divisions of the zygote-nucleus. The
typo of conjugation is clearly the same in the two cases. The

only point of divergence in the two life-cycles is the schizo-

gony in the vertebrate host; in IT. stepanovi this takes

place in the bone-marrow and always occurs inside the blood-

corpuscle, the number of merozoites not exceeding twenty-

four. This difference is the main justificntion for preserving

the species name of H. nicorije.

There is scarcely a single point in the development of H.

stepanovi as described by Siegel (13) which is in agree-

ment Avith the results obtained by Reichenow, or with what I

have myself observed in H. nicorise. I have never seen

the formation of the minute microgametes, nor the sporu-

lating stages in the blood-spaces of the leech, nor the worm-

like sporozoites which he describes. It would appear that

this worker must have been dealing with conditions differing

widely from those presented by the leeches I examined.

It will be observed that the life-cycle of H. nicorise

differs in one or two points from that of Hepatozoon
perniciosum, the hpemogregarine of the rat, described very

completely by Miller. The most important divergence occurs

in connection with conjugation and the formation of sporo-

blasts, which in turn produce sporozoites. The sporozoites

never become motile in the mite, and the parasite returns to

the rat by way of the alimentary tract when the rat eats the

mite.
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The lite-cycle of H. nicorite at once recalls the processes

observed in Coccidia, but there are two points of difference

which are, I think, important as diagnostic cliaracters.

Firstly, at no stage does H. nicorite show in its nucleus the

Icaryosoine so characteristic of the coccidia; secondly, the

sporozoites are not enclosed in a resistant cyst, and become

motile within a relatively short time after they ai^e formed

without the stimulus of transference to another host-indi-

vidual. In all the coccidia hitherto described the sporozoites

remain dormant, until by one means or another they pass to

the exterior, and are taken up by another individual of suit-

able species where the sporozoites are set free. As regards

the question as to whether the stages in the leech might not

belong to an independent parasite, and have no connection

with H. nicoriai, the following points may be urged: The

close correspondence between the stage of digestion and the

development of the parasite, the strong morphological resem-

blance between such stages as those figured in figs. 1, 2, '3,

9a, 25, 26, 28-34, 38-41, 51, 54-56, derived respectively

from the blood of the tortoise and different parts of the leech,

and the apparent absence of the parasite in leeches taken

from uninfected tortoises. Lastly, on the hypothesis that

the stages in the leech are independent of those in the

tortoise, the only other group in which the forms from the

leech could be placed is tiiat of the Coccidia. The points of

divergence noted in the preceding paragraph are, I think,

sufficiently importnnt to distinguish them from any form

belonging to that group. The point is, of course, one which

could be determined experimentally when suitable material is

available.

Lister Institute,

April, 1910.
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EXPLANATION OF PLATES 32—41,

Illustrating Miss Muriel Robertson's paper on " Studies on

Ceylon Hti3uuxto/.oa."

[The figui-es are all drawn with the Abbe camera at a uniform magni-
fication of 2J:00 diameters.]

Figs. 1-24: represent stages from the vertebrate host Nicoria trijuga.
Figs. 1-15 (with the exception of fig. 9) are stages from the blood

treated by the wet method throughout and stained with Heiden-
hain's iron-lia3matoxylin. Figs. 16-2-1 are from sections of the lung

stained with Mayer's haimalum.

Fig. 1.—Bean-shaped hsemogregarine with circular type of nucleus.

Fig. 2.—Half-recurved specimen with circular niicleus ; the chromatin
is symmetrically arranged and the central giunule is visible.

Fig. 3.—Bean-shaped specimen, the stain further extracted.

Fig. 4.— Small form derived from schizogony in the blood.

Fig. 5.—Bean-shaped specimen showing the chromatin in the nucleus

arranged in two rings, one within the other. This creature has been

set free mechanically in the making of the film.

Fig. 6.—Bean-shaped specimen with reticulate nucleus.

Fig. 7.—Small compact specimen.

Figs. 8 and 9.—Fully recurved (vermiform) specimens. Fig. 9 is

from a dried film stained with Giemsa.

Fig. 8a. —Recurved specimen where the recurved limb is being

reabsorbed.

Fig. 9a.—Half-recurved individual, rather bi-oad, and with a large

nucleus containing irregulaily arranged chromatin.

Figs. 10-13.—Early stages of schizogony in the blood-stream.

Figs. 11 and 15.—Final stages of schizogony in the blood-stream.

Fig. 15 has been decolourised to a greater extent than fig. 11 ; both show
six merozoites.

Fig. 16.—Early stage of above type of schizogony from section of

the lung ; one of the nuclei is undergoing division.

Figs. 17 and 18.—Bean-shai^ed specimens from section of lung.

Fig. 19.—Earliest stage of scliizogony in the lung.

Fig. 20.—Slightly later stage of schizogony ; the schizont has

increased in size and the nucleus has divided.
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F'l'^. 21.—Still later stage; some of the nuclei appear to be preparing

for division.

Fitr. 22.—Multinucleate scliizont cut across in section.

Fig. 23.~Late stage of schizogony in lung, the protoplasm beginning

to segregate round the nuclei.

Fig. 21.—Fidly formed merozoites ; only a very few of the t(jtal

number formed are sliown in the section.

Figs. 25—56 represent stages in the leech Ozobranchus shipleyi

Harding.

Figs. 25 and 26.—Non-motile stages from the crop.

Fig. 27.—Degenerating stage from the crop.

Fit's 28-32.—Free motile stages in the lumen of the intestine of the

leech.

Fiss. 33-37.—Association in the lumen of the intestine.

Figs. 38-41.—Early stages in tiie cells of the intestinal wall.

Fiir. 42.—Precocioxis dift'ei-entiation of microgauiete.

Fig. 43.—Early stage of niacrogamete.

Figs. 44 and 45.—Stages suggesting conjugation. In fig. 44 the

uiicrogametocyte is lying closely applied to tiie macrogamete. In

tig. 45 the uiicrogametocyte appears to Ik- giving rise to the micro-

•••amete nuclei, one of which will fuse with the nucleus of the macro-

gamete.

Fig. 46.—Early stage of spovocyst showing two nuclei.

Fig. 47 —(A) Stage apparently representing a zygote; (b) stage show-

ing what appears to be tiie first division of the zygote nucleus; (c) free

sporozoites in the wall of the intestine.

Fig. 48.—Stage of above showing five nuclei, of whicli one is prepar-

ing to divide.

Fig. 49.—Sporocyst with eight nuclei : the protoplasm has not yet

divided up ; the rejected microgamete nuclei iire still visible.

Figs. 50-53.—Sporocysts showing sporozoites.

ri«^^s. 54 and 55.—Motile spoiozoites escaping througli the cells of

the intestinal wall.

Fig. 56.—Sporozoite in blood-space of the leech.

i
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Cells in Craspedote Medusse.

By

Cliaiic'!!» L. Boiilcii^^or, M.A.(€aiMb.)i
Lecturer on Zoology in the University of Birmingliam.

With Plates 42 and 43 and 5 Text-figuves.

Contents.

1. Introduction .....
2. The Stinging-cells of the Adult Medusa of Mcerisia
3. Migrating Stinging-cells in other Medusse .

4. The Development of the Medusa of Mcerisia
5. General Conclusions ....
6. Bibliography.....

PAGE

763

765

770

771

780

781

1. Inteoduction.

Lewis Murbacli (1), in 1894^ definitely established the fact

that the stinging-cells of the Hydromeduste have the power
of active movement in the tissues by the formation of pseudo-

podial processes from the cnidoblasts.

These observations were confirmed by K. C. Schneider^ (2)

who published a detailed account of the development of

nematocysts in Agalmopsis and other Siphonophora_, and in

his paper stated emphatically that

:

" Alle Nesselzellen der Siphonophoren enstehen an locali-

• Schneider, as early as 1890, pointed out the fact that developing

nematocysts were excessively rare in the tentacles of Hydra, and
suggested that they might be formed on the body of the animal. He did

not, however, pursue the subject any further {vide "Bibliography," 3.)

VOL. 55, PART 4. NEW SERIES. 51
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sierteu Bildungsherdeu, von denen aus sie in eiuem bestimraten

Entwickelungsstadiutn als Wauderzellen auf die Verbraucbs-

stiitten ubervvandern."

The subject has been recently revived by Jovan Hadzi (4)

in a remarkable paper in which he records his observations on

the thread-cells of marine hydroids. Hadzi's results are of the

greatest interest^ as he was able to examine the living tissues

as well as preserved material. His main conclusions are as

follows :

(1) The thread-cells of hydroids are not formed "in situ''

but in the ectoderm of the cccnosarcal branches, where, on

account of the thick perisarcal investment, they can obviously

not become functional,

(2) When completely developed, except for accessory

structures such as the cuidocils and the stalks, they migrate

to the important nematocyst batteries on the tentacles.

This migration can take place in two different manners. In

simple forms, e.g. Campanularia, the thread-cells move

actively by means of their pseudopodia, making their way

between the ectodermal cells of the colony. In Tubularia
however, they adopt a quite different method of locomotion :

from the ectoderm of the ccenosarc they force a way through

structureless lamella and endoderm into the cavity of the

hollow stem, whence they are carried by the current caused

by the ilagella of the endoderm cells to the hydranths.

Here the thread-cells re-enter the tissues and migrate

actively by their own movements to the ectoderm of the

tentacles.

In a recent paper, whilst describing the structure of the

Egyptian lacustrine medusa, Moerisia lyousi (5), I called

attention to the fact that large nematocysts were to be found

in abundance among the endoderm cells of the manubrium.

Being at a loss to account for their presence in this position

I cut sections of a large number of specimens, careful

examination of which convinced me that I was dealing with

a case similar to that investigated b}- Hadzi in Hydroids.

As this phenomenon has not been described previously in
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Medusae, I have endeavoured in this paper to give as complete

an account as possible of the origin and distribution of the

nematocysts of this form.

The material used for this investigation was collected by

Dr. Cunnington and myself in Lake Qurun, and was carefully

fixed either with osmic acid or with hot corrosive sublimate.

Sections were cut by the ordinary paraffin method and a

number of stains were tried, the best results being obtained

with hosmatoxylin followed by eosin ; this produced an

excellent double-stained effect, the eosin bringing out the

nematocysts and rendering them most conspicuous. Borax

carmine followed by picro-indigo-carmine was another good

differential stain and iron-htematoxylin was useful when

examining sections of the developing Medusae. The work in

connection Avith this paper was carried out partly in the

Morphological Laboratory at Cambridge and partly in the

Zoological Laboratory of Birmingham University. I wish to

express here my sincere thanks to Professor F. W. Gamble,

who very kindly read through my manuscript and made

many valuable suggestions,

2. The Stinging-cells op the Adult Medusa op MffiRisiA.

As mentioned above, a striking feature of the anatomy of

this medusa is the presence of numerous thread-cells^ in the

endoderm at the base of the manubrium. At first it seemed

possible to account for their occurrence in this unusual

position by assuming that these stinging- capsules were used

ones taken in by the jelly-fish together with its food. On
careful consideration this view was found to be quite un-

tenable, for

—

' The nomenclature of the different parts of the stinging-cells is

somewhat ciimbrons and complicated ; moreover, the various names

have been used very loosely. In this paj)er I have employed the terms

thread- cell or stinging -cell for the whole structure comprising the

nematocyst (the actual stinging capsule), and nematoblast (the

cell in which the former is embedded, and of which the cnidocil and the

stalk are parts).
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(ft) The neraatocjsts found in the endoderm are always

undischarged.

(h) Favourable sections show them to be accompanied by

their nematoblasts.

(r) The nematocysts are never to be found near the free

margins of the endoderm cells, but, for the most part,

between the more basal portions of these cells near the

structureless lamella.

These thread-cells can, obviously, not become functional in

this position, and the only possible explanation of their

occurreuce here is that they are making their wa}' from their

place of origin to some battery where they can be of use.

At this point it may be avcII to review the distribution of

stinging-cells in the ectoderm of the manubrium. The chief

battery is situated around the mouth-opening; here the

thickened ectoderm forms a circular lip crowded with nemato-

cysts, and constitutes a powerful organ of offence (PI. 42,

figs. 3 and 4). The ectoderm of the remainder of the manu-

brium proper consists of a single layer of low, closely fitting

epithelial cells with occasional isolated nematocysts ; it is to

be noticed that here, as well as on the oral lip, interstitial

cells are completely absent. At the base of the manubrium

is the broad stomach, the ectoderm of which is considerably

thickened and forms the conspicuous gonad.

Interstitial cells and developing thread-cells being absent

from the more distal parts of the manubrium, the question

arises—Where are the nematocysts of the oral battery formed,

and how did they attain their position in this region ? An
answer is, I think, afforded by the study of the distribution

and arrangement of the nematocysts in the manubrial endo-

derm. The greatest number of these are to be found just

below the region of the gonad, where, in most specimens,

numerous thread-cells are to be met with among; the large

digestive cells of the endoderm. In this position one can

usually find a number of dark-staining interstitial cells, some

of which contain rudiments of stinging-capsules, and are

obviously nematoblasts (PI. 42, figs. 1 and 2).
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In the more distal parts of the manubrium we find nemato-

cysts to occur less abundantly, and their position in the

endoderm is very regular, the longer axes of the capsules

being parallel with the structureless lamella and their broader

ends directed towards the mouth of the medusa (PI. 42, fig.

3). Previous authors have shown this orientation to be

characteristic of migrating thread-cells, and we must come
to a similar conclusion ; namely, that they are making their

way from the base of the manubrium to the oral battery.

This view is confirmed by an examination of the tissues of

the mouth region, where one can often find thread-cells

actually forcing their way through the structureless lamella

to the oral battery. Here they take up their definitive position

and develop accessory structures, e.g. cnidocil and stalk,

from the nemutoblast. A stinging-cell occasionally turns

aside before reaching the oral region (PI. 42, fig. 4), and

passing through the lamella, forms one of the isolated

nematocysts to be met with in the more proximal parts of the

manubrial ectoderm.

The route followed by the thread-cells of the medusa is

readily explained. These structures, when the nematocysts

are completely developed, are of considerable size, whereas

the ectoderm of the manubrium is very low, and, moreover,

forms a very definite epithelium of closely fitting cells,

between which the large stinging-cells could scarcely force a

passage. We need, therefore, not be surprised that they

adopt the much easier way between the large and loosely

packed cells of the endoderm.

From the above account it appears, therefore, that in

Moerisia the nematocysts of the oral battery of the medusa

are developed in the endoderm at the base of the manubrium
;

this does not necessarily imply that the nematoblasts are

themselves endodermal in origin, as will be explained in the

section of this paper which deals with the development of

the medusa-bud.

In addition to that surrounding the mouth opening, the

main nematocyst batteries of the medusa are situated on th^
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four pen-adijil tentacles suspended from tlie umbrella edge.

These tentacles are slender and of great length when fully

extended ; at their bases they are swollen to form the very

conspicuous ocellar bulbs, each of which bears on its ex-

umbrellar surface a bright red eye-spot. The tentacles are

hollow, their cavities being continuous with that of the

circular canal ; the ectoderm is thickened at regular intervals

to form conspicuous transverse rings crowded with nemato-

cysts, and becoming very noticeable and almost bead-shaped

when the tentacles are fully extended.

On examination of sections and maceration preparations of

these organs, one is again struck by the almost complete

absence of neniatoblasts or other interstitial cells, and we are

driven to the oidy possible conclusion, namely, that the

stinging-cells have developed elsewhere and have migrated to

the batteries on the tentacles. The large, eye-bearing bulbs

at the bases of the tentacles immediately suggest themselves

as possible nematocyst "factories," and sections of these

structures show that such a function must be assigned to them

(Text-fig. 1).

An ocellar bulb consists of a mass of thickened ectoderm

crowded with small, irregulaily shaped cells and nematocysts

in various stages of development. The fully formed thread-

cells are devoid of cnidocils or other accessory structures, and

the capsules are never orientated so as to lie at right angles to

the sui'face ; we must, therefore, conclude that they do not

become functional in this region. In the centre of the bulb

the nematocysts lie in all directions, but near the base of the

tentacle we find a distinct tendency for these organs to be

arranged with their longer axes parallel with the structureless

lamella, a position, as mentioned above, characteristic of

mi"fratinQf thread-cells.

Tiie above-mentioned facts lead us to the conclusion that

the stinging-cells of the tentacles, like those of the oral

battery, are not developed "in situ," but migrate into these

organs from " factories " situated in a more central position on

the medusa, in this case from the ocellar bulbs, whence a

I
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Text-fig. 1.

tent. t.

[

I

A longitudinal section tlirongli the ocellar bulb and the base of a
tentacle of Mcerisia lyonsi. tetit.b. Ocellar bulb. nem.
Nematocyst migrating into the tentacle.

Text-fig. 2.

neirv tent h
Section of the umbrella edge of Mcerisia lyonsi showing the
velum {vel ) and jjart of an ocellar bulb (tent.b.) nem.
Nematocyst migrating towards the edge of the velum.
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coiitiuual stream of tliread-cells arebeino' coured fortb. TbeO A,

majority of tbcse are obviously on tbe way to tboir tentacular

batteries^ altbougb occasionally one may wander into tbe

velum, as sbowu in Text-fig. 2.

3. MiGKATiNu Stinging-cells in Otulu Mkdusj;.

In tbe preceding paragriipb I liave attempted to prove tbat

tbe conspicuous bulbous swellings wliicb occur so constantly

as tbe bases of tbe tentacles of craspedote Medusa3 bave an

impoitant function besides tbat of bearing tbe ocellar sense-

organs. In sucb crasjiedote Medus83 as are devoid of teutacle-

bulbs, e.g. tbe Tracbomed usa3 and Narcomedusae, we
find tbat tbe edge of tbe umbrella is provided with a special

tbickened ling of ectoderm, containing stinging-cells, some-

times known as tbe " nettle-ring." Further, those forms in

which tbe tentacles take tbeir origin some distance from the

margin of tbe bell on tbe exumbrellar surface are provided

with special bands of iiematocysts, called ])eronia, which

connect tbe above-mentioned nettle-ring witli the bases of

the tentacles. Tbese facts make it very tempting to assume

tbat the marginal ring of nematoblasts replaces tbe ocellar

bulbs in function, and reference to the figures of this organ,

given by various autbors, seems to show tbat this assumption

is probable correct. It is a point Avliich requires special

investigation, and I will at present merely refer to the

evidence which is at my disposal.

Tbe Hertwigs' most accurate figure of tbe umbrella edge

of Carmarina (6, PL iv, fig. 5)^ shows the nettle-ring to

be packed with tbread-cells witbout definite orientation ; at

tbe base of the tentacle, however, a number of uematocysts

are drawn arranged in such a manner that there can be

little doubt tbat they are migrating from the marginal ring

to the batteries on the tentacle. I have examined sections

tbrough the tentacles of a medusa of the same genus, and

' I should like to express my indebtedness to Dr. S. F. Hariuer. F.R.S..

for calling my attention to this figure.
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these showed the same orientation of nematocysts as in the

specimen figured by the Hertwigs. I have figured one of

these sections (Text-fig. 3) chosen from a series in the Cam-
bridge Morphological Laboratory; comparison with that of

Moerisia (Text-fig. 1) is very instructive.

Text-fig. 3.

orel.---

- -TLem.

A longitudinal section through the base of a tentacle of Car-
marina sp. vel. Yelnm. «ei».. Neniatocyst migrating through
the ectoderm of the tentacle.

Gunther's figure of Limnocnida {7, fig. 6) shows that a
similar migration of thread-cells must occur in that medusa.

4. The Development op the Medusa of Mceeisia.

As shown above, the nematocysts of the main stinging-

batteries of Moerisia are formed in two quite distinct positions
in the medusa : (a) The manubrial endoderm, (6) the ecto-
derm of the ocellar bulbs.

In order to properly understand the origin of these
VOL. 55, PART 4. NEW SERIES. 52
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different situations of the stinging-cell factories it is necessary

to examine the development of the medusa in some detail.

Until recently the accepted view of the development of the

gonophores of the Hydromedusse was based essentially on L.

Agassiz's observations on Syncoryne mirabilis, published

in 1862 (8). His account of the process was confirmed by

Hertwig (9); Weismann (10), and almost all later workers on

the same subject, and is essentially that to be found in the

majority of modern text-books. The following description of

the development of the medusa of Bougainvillea is taken

from one of the latter (18), and represents the prevailing ideas

on the subject

:

The medusa-bud makes its first appearance as a simple

hollow bud formed by the evagination of the two layers of

the mother-polyp. Multiplication of the ectodermal cells at

the apex results in the production of a lens-shaped mass of

small cells which sinks below the level of the superficial

ectoderm, pressing the endodermal wall in front of it into

the shape of a cup. This mass of ectoderm is called the

entocodou (Glockeukern), and a cavity which appears in its

interior is the rudiment of the subumbrella cavity. It is

followed by an invagination of the superficial ectoderm, the

wall between the new cavity thus formed and the subumbrella

cavity being the future velum. Grrowtli of this subumbrella

cavity results in an approximation of the endodermal walls of

the coelenteron, and these ultimately fuse into an endoderm

lamella except where the circular and radial canals ai'e to

lie. The upgrowth of the manubrium from the floor of the

subumbrella cavity, the formation of the tentacles and the

perforation of the velum and manubrium complete the

formation of the medusa.

A. Goette (11) has recently made a thorough examination

of the development of the gonophores of Podocoryne
carnea and a large number of other hydroids, and has

published a long and elaborate paper on the subject. As

the result of his investigations this author concludes that the

cui'rent views on the origin of these structures are quite

I

I
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erroneous, and states that carefully cut series of sections of
developing medusa-buds show that a double-walled cup of
endoderm is not present at any stage; moreover, the four
radial canals arise from four unconnected pouches of endo-
derm which grow out separately, although simultaneously,
from the coeleuteron of the bud, and are completely indepen-
dent of the entocodon. The endoderm lamella is formed
later by the lateral extensions of the solid edges of these
pouches, which finally fuse with one another. Again, an
invagination of the superficial ectoderm does not take place
and the forecast of the velum is present at a quite early
stage, and is then represented by the flattened apex of the
bud, where the superficial ectoderm and the distal wall of the
entocodon come into contact with one another.

Goette's paper has not received (at any rate in this country)
the attention which so important a communication deserved,
and the only confirmation of his results is that of his pupil,
Walter Richter (13), who, acting on his professor's advice,
worked out the development of the gonophores in Rhizo-
phora, Physalia, and other Siphonophora and described a
similar origin for these structures in this division of the
Hydromedusas.

In my account of the anatomy of the hydroid stage of
Moerisia I did not go into this subject with any detail, but
merely stated that the development of the medusa-buds
seemed quite typical, the growth of the cavity in the ento-
codon causing the approximation of the endodermal walls of
the bud.

The examination of a large series of sections during my
mvestigation of the origin of the nematocysts has shown me
that this statement was erroneous, and that the development
of the medusa of this form agrees very closely with that of
Podocoryne carnea as desribed by Goette. My error,
like that of other writers on the same subject before Goette,
was due to the use of optical sections, and partly to the
examination of single sections of the buds instead of complete
series.
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In Moerisia 1 yon si the medusa-buds are to be found

scattered irregularly on the broadest region of the hydranth

between the bases of the tentacles (Text-fig. 4), thus differing

in position from the asexual lateral buds, which are restricted

in the majority of cases to the more proximal parts of the

body.

Text-fig. 4.

m

tent.

Outline sketcli of a hydi-anth of Mcerisia lyonsi to show

developing ^onopliores and a small asexual bud. X6^J. tenz.

Tentacle, m.b. Gonophore Tvith conspicuous ocellar biUbs.

as.b. Asexual lateral bud.

The ectoderm of this region is somewhat deeper than m

other parts of the hydroid, the boundaries of the large

musculo-epithelial cells are difficult to detect, and the whole

tissue is crowded with interstitial cells, for the most part

nematoblasts, containing nematocysts in various stages of

development. The endoderm consists of large vacuolated
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digestive cells, between which are numerous characteristic

gland-cells Avitli coarse granular contents Avhich stain deeply.

The first indication of a developing medusa-bud is to be

traced in the ectoderm, an accumulation of interstitial cells

causing this layer to project slightly outwards. The eudo-

derm soon begins to take part in this bulging out of the

tissues, and owes its increase in area chiefly to the prolifera-

tion of the large cells, but partly also to the accumulation of

interstitial cells, which are to be found in the endodermal

tissue in the region of a developing bud. These cells I

believe to be ectodermal in origin, for favourable sections

show occasional interstitial cells to migrate from the ectoderm

through the structureless lamella into the endoderm. In this

way a hollow, double-layered bud is formed (PL 43, fig. 5)

by a process which cannot be called one of simple evagination,

but in some respects resembles that of the formation of the

early stages of the latei-al buds in Hydra, as recently des-

cribed by J. Hadzi (14).

As long ago as 1891, W. B. Hardy (15) showed that in the

early development of the gonophores of Myriothela
phrygia there was a cei'tain mixing up of endodermal and

ectodermal cells to form a kind of blastema, and it seems

probable that further investigations will prove that the pro-

duction of a bud from the body of a hydroid is by no

means so simple a process as has been made out by some

authoi'S.

The entocodon is next formed by the proliferation of the

ectoderm at the apex of the bud, and consists of a small-celled

plug of tissue between ectoderm and endoderm. Four pouches

of endoderm are arising simultaneously from the coelenteron
;

from them the radial canals of the adult are to be derived.

Reference to fig. 6 will show that there is nothing of the

nature of a double- walled endodermal cup in the bud, one

side of the obliquely cut section showing a radial pouch, the

other the contact of the entocodon with the superficial

ectoderm.

It is to be noticed that this superficial ectoderm has not
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changed in character and is identical in structure with that

covering the hydranth, consisting of large epithelial cells,

interstitial nellsj and nematoblasts, with occasional nemato-

cysts.

The independent origin of the four radial pouches of endo-

derni is still more obvious in figs. 7, 8, and 9, which are

three sections in different planes of a slightly later stage.

In the transverse section (fig. 7) the entocodon is seen to be

roughly square in section, being in contact with the super-

ficial ectoderm at the four corners (interradii) ; the four

perradial pouches are thus completely separated from one

another. A median longitudinal section (fig. 8) through the

perradii at this stage shows, of course, two of the endodermal

pouches separated by the hollow entocodon. As pointed out

by Goette, it is from the examination of such a section,

independently of others of the series, that the idea arose that

a double-walled cup of endoderm was formed by the growth

of the entocodon, A tangential section taken a short way on

either side of this median section will naturally show a single

pouch only, as illustrated in fig. 9. In this stage the forecast

of the manubrium is already conspicuous, and is, of course,

clothed externally by the proximal wall of the entocodon.

The four endodermic pouches continue their growth out-

wards to the very tip of the bud, and at their terminations

push out the ectoderm, causing the formation of four perradial

bulbous projections, which are the forecasts of the ocellar

bulbs. A section, therefore, taken through a perradius gives

rise to the false idea of an invagination of ectoderm towards

the entocodon (PL 43, fig. 10). The four bulbs are very

conspicuous features of the external anatom}^ of the medusa,

even at this relatively early stage of development (Text-

fig. 4).

The formation of the endoderm lamella is exactly as

described by Goette for Podocoryne carnea; the central

part of each endodei'mal pouch becomes a radial canal, the

large cells at the edges growing out to form two solid wings

of endoderm, which meet similar projections from the other
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pouches at the interradii (PI. 43^ fig. 7, r.p.e}). The ring-

canal is formed by the fusion of the distal ends of the radial

pouches at the bases of the bulbous swellings referred to

above.

Up to this point the histology of the two layers has been

quite constant; the superficial ectoderm has retained its

original character and remains crowded with interstitial cells

of all kinds, in striking contrast with the small-celled regularly

arranged tissues derived from the entocodon. The endoderm

lining both the cceleuteron and the radial pouches consists

of large clear cells, with somewhat indefinite outlines and

containing numerous large nutritive spheres, which stain

deeply with iron-hsematoxylin ; a few irregularly shaped

interstitial cells are to be found, most numerous between the

endoderm cells lining the manubrium.

In the last stage of the development described above we

found all the organs of the adult medusa already well defined,

with the exception of the tentacles. From this point onwards

the more important changes are to be found in the structure

of the umbrella, whicli now grows rapidly, especially in the

region between the ocellar bulbs and the base ot" the manu-

brium, so that the superficial ectoderm loses its characteristic

features, as noticed above, and gives rise to a low, small-

celled epithelium covering the external surface of the bell.

The endoderm behaves in a somewhat similar fashion. The

ocellar bulbs, however, remain unaltered ; the endoderm still

consists of large irregular cells with nutritive spheres ; the

ectoderm is still crowded with interstitial cells, thread-cells,

and nematoblasts, the latter increasing rapidly and forming-

new nematocysts, both large and small (Text-fig. 5).

The ocellar bulbs give rise to the tentacles, their main

function being obviously that, already mentioned on p. 768,

of supplying these organs with stinging-cells.

In the preceding pai-agraphs I have tried to emphasise the

fact that beyond an increase in the actual number of cells,

the ectoderm of this region has remained practically un-

changed throughout the development of the gonophore. The
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tentacular nematocysts of the fully-formed medusa tlius arise

in the interstitial cells derived from the ectoderm of the

parent hydroid.

The ocellar bulbs are, of course, retained throughout the

life of the medusa, and, as mentioned above, keep on supply-

ing the tentacles with stinging-cells ; they are no doubt

especially active during the regeneration of these organs.

This explains the constant presence of such swellings at the

Text-fig. 5.

vel

--nerw

IxevrL

A longitudmal section of im ocellar bulb of Man-isia lyonsi
just before the development of a tentacle, vel. Velum, nem.
Small nematoeyst. i?e»i.^ Large nematocyst.

bases of the tentacles of the Hydromedusas, as well as their

early appearance and relatively enormous size in the develop-

ing medusa-buds. The function of bearing the ocellar sense-

organs must be a secondary one, for such bulbs are conspicuous

in the formation of medusas which do not possess ocelli, e.g.

Podocoryne carnea, concerning which Goette (11, p. 19)

remarks

:

" Bald nach der Fertio-stelluns: des Velum verdickt sich

das Ectoderm jedes Eandwulstes dicht iiber dem Yelum zu
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einem vorspriiigenden Polster, das den Ocellarbildungen

andrer Meduseu entspricht, aber, Avie schon die alteren

Beobacliter (Alhnan, 16; Grobben 17) feststellten, keine

Ocellen entwickelt."

In a young" medusa of Moerisia a slioi't time before its

liberation tlie manubrium is still without a moutli opening,

and. is clothed externally by a single layer of low ectodermal

cells (PI. 43, fig. 11), the internal lining consisting of large

clear endoderm cells containing nutritive spheres and occa-

sional irregularly shaped interstitial cells. The latter become

more numerous as development proceeds^ and some can be

clearly recognised by their enlarged nuclei to be sex-cells.

These at a later stage, no doubt, become transferred to tlie

ectoderm of the stomach region, and by their further division

form the gonad. Owing to the absence of individuals of the

right age, I am unable to state how the transference of sex-

cells from one layer to another takes place. I have never

met with them migrating through the structureless lamella,

and it is quite possible that the transference is a passive one,,

similar to that described by Goette in the male gonophores of

Hydr actinia (11, p. 70). In the youngest free- swimming

medusa examined by me the endoderm of the slightly

swollen stomach had lost its small cells, and was separated by

a very thin lamella from the ectoderm, which contained a few

rows of developing sex-cells.

The endoderm slightly distal to this region had retained

a number of interstitial cells, some of which prove to be

obvious nematoblasts and contained developing nematocysts.

These are, of course, the rudiments of the fully formed

stinging-cells, which, as described in the first part of thi&

paper, are to be found in the endoderm, just below the

stomach of the adult medusa, and which later migrate to the

battery at the oral extremity of the manubrium.

From this we must infer that the nematoblasts of the

manubi'ium arise in the endoderm of the developing gonophore

in exactly the same way as do the sex-cells ; like the latter

they are able to migrate through the tissues of the medusa.
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When we remember the similar origin of the two kinds of

cells from undifferentiated interstitial cells, we need not be

surprised that they both possess the same powers of active

movement.

That the thread-cells are identical in origin with the sex-

cells is further emphasised by the fact that in exceptional

cases part of the testis of Moerisia can give i-ise to a nemato-

cyst battery instead of producing sperm-cells, as shown in

PI. 43, fig. 12.

Both kinds of cells are lirst to be recognised in the endo-

derm of the medusa-bud ; this does not necessarily imply

that they originate in that layer; in my account of the early

development of the gonophore, I showed that intei'stitial

cells of the ectoderm occasionally migrate through the

structureless lamella of the hydranth and become incorpor-

ated among the proliferating cells of the endoderm. It is

probable that these cells or their derivatives give rise to the

sex-cells and nematoblasts.

In my description of the anatomy of Moerisia lyonsi (5),

I mentioned that exactly the same types of nematocysts

were to be found in the medusa as in the hydioid ; in this

paper I hope to have proved that they are not only identical

in structure, but actually originate from the same cells.

This fact is one which might be of use in systematic work on

the HydromedusEe, where the assignment of Medusae to

hydroids is often only a matter of inference ; a careful com-

parison of the nematocysts of the two stages should be of

great value in this connection.

5. General Conclusions.

(1) The stinging-cells of the medusa of Moerisia lyonsi

are not developed "in situ " on the principal batteries, but

migrate to their final positions on the oral lip, or on the

tentacles.

(2) The stiuging-cells of the oral battery are formed in the

endoderm of the manubrium, just below the stomach ; those
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of the tentacles in the ectoderm of the conspicuous ocellar

bulbs at the terminations of the radial canals.

(3) There is reason to believe that the bulbous swellings

at the bases of the tentacles have this function throughout the

craspedote Medusa. In the sub-divisions Trachomed usee

and Narcomedusse, they are probably replaced by the

thickened ring of thread-cells on the margin of the bell.

(4) The development of the gonophores of Mcerisia takes

place in the manner described by Goette for other hydroids.

There is no double-walled cup of endoderm at any stage, the

radial canals and the endoderm lamella being derived from

four separate pouches of endoderm, which grow out simul-

taneously from the coelenteron of the simple bud.

(5) The stinging-cells of this medusa are developed from

cells, which, like the sex-cells, arise directly or indirectly from

the ectoderm of the parent hydranth.

Birmingham,
June 19tli, 1910.
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EXPLANATION OF PLATES 42 and 43,

Illustrating Mr. C. L. Boulenger's memoir '' On the Origin

and Migration of the Stinging-cells in Craspedote

Medusas."

PLATE 42.

Explanation of Lettering.

ect. Ectoderm of the manubriimi. end. Endoderm of the manubrium.

gl.c. Gland-cell. nem. Endodermal nematocyst. nem} Nematocyst of

the oral battery. nem" and nem? Migrating nematocysts. s.l.

Structureless lamella, test. Testis.

Fig. 1.—A longitudinal section of the proximal part of the manubrium

of the medusa, Moerisia lyonsi, to show the nematocysts in the

endoderm.
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Fig. 2.—A transverse section through the same region.

Fig. 3.—A longitudinal section of the distal part of the manubrium
showing the oral battery and a stinging-cell {nem.^) migrating through

the endoderm towards it.

Fig. 4.—A similar section showing a stinging-ceU {nem") making its

way through the structureless lamella to the ectoderm.

PLATE 43.

Explanation op Lettering.

c.b. Cavity of the medusa-bud. c.e. Cavity of the entocodon, i . e

.

subumbrella cavity, c.vi. Cavity of manubrium, ect. Superficial ecto-

derm of the developing gonophore. end. Endoderm of the same. ent.

Ectoderm of the entocodon. g.c. Gland-cell, i.c.e. Literstitial cell of

the endoderm. nem. Small nematocyst. nem.^ Large nematocyst.

ti.s. Nutritive sphere of the endoderm. r.p.e. Radial pouch of endo-

derm. r.p.e.^ Lateral solid entension of the same, which later forms the

endoderm lamella, s.c. Sex-cell, tent.b. Tentacle-bulb. test. Testis.

V. Velum.

Fig. 5.—Longitu.dinal section of an early stage in the formation of the

gonophore of Moerisia lyonsi (cf . text, p. 775).

Fig. 6.—Tangential longitudinal section of a young bud showing the

entocodon and a single radial endoderm pouch.

Fig. 7.—Transverse section of an older gonophore to illustrate the

complete independence of the four radial pouches. The entocodon

already has a large cavity (subumbrella cavity), and at r.^j.e.^ can be seen

the solid extension of the edge of a pouch which later forms the endo-

derm lamella.

Fig. 8.—Radial longitudinal section through a similar (slightly

youngei-) bud, showing two radial pouches of endoderm separated by the

entocodon.

Fig. 9.—Tangential longitudinal section of the same medusa-bud
;

only a single pouch is shown.

Fig. 10.—Longitudinal section of an almost completely develoj)ed

medusa to show the bulbous swellings at the termination of the radial

pouches.

Fig. 11.—Manubrium of the same medusa under a higher magnifi-

cation.

Fig. 12.—Section through the testis of an adult medusa, part of which

has given rise to a stinging-cell battery.
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The Researches of Bouvier and Bordage on
Mutations in Crustacea of the Family Atyidae.

By

W. T. Caiman, D.Sc,

of the British Museum (Natural History).

"With 4- Text-figures.

Some six years ago Professor E. L. Bouvier (^04/05)^ called

attention to the remarkable dimorphism of certain tropical

river-prawns of the family Atyidte, which he compared with

the phenomenon of mutation described by de Vries in the

vegetable kingdom. He pointed out that the case was espe-

cially noteworthy, not only because of the marked discon-

tinuity and constant occurrence of the variations, but also

because they affected characters regarded as distinctive of

genera; and he drew the conclusion that these genera had

originated by a process of mutation. M. B. Bordage has

recently published ('08, '09a, '09b) the results of some obser-

vations and experiments on the living animals which seem to

support BouvieT^'s views, and to indicate, at all events, a

promising field for further investigations. At the suggestion

of Sir Ray Lankester the following account has been pre-

pared in the hope that it may induce some naturalists, who
have the opportunity of studying the animals under natural

conditions, to give attention to the matter.

The Atyidse (see Text-fig. 1) are a family of Decapod Crus-

tacea belonging to the tribe Caridea (which includes most of our

common prawns and shrimps), and are widely distributed in

fresh waiters in the warmer regions of the globe (see Ortmann
' The numbers refer to the list of papers on p. 796.
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^94, and BoLivier '05). Some of the members of the family

show very primitive characters, having, for instance, swim-

ming branches or exopodites on all the thoracic limbs, as in

the so-called " Schizopods." In this and in other features

they resemble the deep-sea Hoplophoridse, from which, or

from some allied forms, most authorities are agreed in con-

sidering them to have been derived.

Other members of the family, however, are considerably

specialised. In some characters this specialisation has pro-

ceeded along lines parallel to those followed in other series of

the Caridea—for example, in the progressive disappearance

Text-fig. ].

Atya bisulcata. Ovigerous female of the Atya-form. X 3. From
a specimen in the " Challenger " collection from Honolulu.

of the exopodites and, later, of the epipodites of the legs, and

a diminution in the number of the branchiae. In other

characters specialisation has followed lines peculiar to the

family, and this is especially the case with the modifications

of the chelate first and second pairs of legs. In nearly all

Atyidae these limbs are comparatively small, not dissimilar in

size, and have the fingers each tipped with a brush of long

hairs (Text-fig. 1). Fritz Muller ('92) has described how these

brushes are used in collecting pellets of mud on which the

animal feeds.^ Among the more specialised members of the

1 I do not unclevstand Bordage's statement that the chelse are vised

for excavating bm-ro-ws in the mud, for which their structm-e would

appear to be ill-adapted.
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family the characters used as distinctive of the genera are
chiefly drawn from the modifications of the chelipeds, nnd
some of these may now be considered in fuller detail.

In the very numerous species of the genus Caridina (Text-
fig. 2) the chela? themselves do not differ greatly, except in

carrying brushes of seta?, from the typical form found in many
other Decapods. The dactylus (d) or terminal segment of
the limb, forming the "movable finger," is opposed to a
thumb-like process (" immovable finger ") of the penultimate

Caridiiia mlotica var. 1. 2. first and second clielipeds.
c, carpus

;
d., dactylus

; jy.. palmar portion of propodus. x 40
- From a specimen collected liy Dr. W. A. Cunnington in the
Victoria Nyanza.

segment or propodus. The proximal part of the propodus,
expanded to contain the muscles moving the dactylus, forms
what is known as the "palm" (p.) of the chela. In Caridina
the two pairs of chelipeds differ in the form of the segment
which supports the propodus, the " wrist'"' or carpus {<-.). In
the second pair it is more or less elongated and slender, and
the propodus articulates with its distal end; in the first pair,

on the other hand, it is short and broad, its distal margin is

more or less concave (cf. Text-fig. 2, 1, and I'ext-fig. 4, .4'),

and the propodus articulates with its lower corner.

VOL. 55, PART 4. NEW SERIES. 53
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The species of the genus Ortinannia (foi-raerly known as

Afcyoida) differ from those of Caridina chieHy in the fact

that the carpus of the second pair resembles that of the first

pair ('JV^xt-fig'. -i, B' , B"), being short and broad, with its distal

niargin excavated and articulating with the propodus at its

lower corner. It is to be noted that these characters are not

equally well tnaiked in all the species referred to Ortmannia;
in some the second carpus is still, as in Caridina, somewhat

longer than the first, and the excavation of its distal margin

is shallow (as in Text-fig. 4, B") ; in other species the carpus is

nearly similar in the two pairs and so deeply excavated as to

assume an almost crescentic form (as in Text-fig. 6, B' , B").

Associated with this excavation of the carpus is a shifting

(already begun in Caridina) of the carpo-propodal articulation

from the proximal end to the lower border of the propodus.

Further, while in some species the chelae themselves are quite

similar to those of Caridina, in others the "palm" is much

shortened, oi", in other words, the articulation of the movable

finger is carried backwards towards the base of the propodus.

These modifications lead towards the conditions found in

the genus Atya, which includes the largest and most highly

specialised members of the family. In these the two pairs of

chelipeds (Text-fig. 3, A', A") are quite similar, and the carpus

is reduced by the excavation of its distal border to a narrow

crescent, with the lower limb of which the propodus articulates.

The propodus itself assumes a form unlike that of any other

Decapod; the backward shifting of the articulation of the

dactylus has been carried so far that the palm has entirely

disappeared, and the chela is composed of two similar parts,

hinged together at one end, like the legs of a pair of

compasses.

Although, within each of the genera, there is some varia-

tion in the degree to which these characters are developed,

this variation is so far discontinuous that all the known
species could, prior to Bouvier's researches, be referred

without much difficulty to one or other of the genera. If it

be objected that such apparently trivial differences should
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not be regarded as of generic value, it may be pointed out

that, as a rule, though not in every case, they are coincident

with other features which help to characterise, although

they do not define, the generic groups; and further, there is

no criterion by which the generic value of a character may
be estimated, except that of its constancy throughout a

group of species.

Bouvier's discovery may be shortly expressed by saying

that certain species were found to be dimorphic and to

oscillate, as it were, in a state of unstable equilibrium between

one generic group and the next. Thus, Miss Rathbun ('01)

Text-fig. 3.

Atya bisnlcata. A!, A", First and second chelipeds of the
Atya-form. B\ B", First and second chelij^eds of the
Ortmannia-fonn (Ortmannia Henshawi). x 7. From
specimens in the Challenger " collection from Honohilu.

had described a new species, Ortmannia Henshawi (Text-

fig. 3, B', B"), found in association with Atya bi sulcata

{A', A"), on the island of Hawaii; Bouvier pointed out that

this association was not accidental, but constant, that the two

forms were indistinguishable, except by the characters of the

chelipeds, and that they should be regarded as constituting

a single dimorphic species. He found a similar phenomenon

in the case of Atya serrata, described by Spence Bate

from specimens obtained by the "Challenger" Expedition at

the Cape Verde Islands, and since found in many localities

on the islands of the Indian and Pacific Oceans, To the

Ortmannia -form of this species Bouvier gave the name

53§
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0. All u audi. In both species the two forms were sharply

distinguished, although in the Ortmannia individuals

(especially in 0. All u audi) a considerable amount of varia-

tion was observed in the relative proportions of the fingers

and palm of the chelae; the Atya-form, on the other hand,

presented no noteworthy variation. In both species Bouvier

found that the dimorphism was independent of age and sex;

both forms were found through a wide range of size, although

the Atya individuals were, on the whole, somewhat larger,

and females of both were observed carrying eggs. In the

case of A. bisulcata (0. Henshawi) both forms occurred

in about equal numbers; in A. scrrata (0. Alluaudi)

there was some evidence that the relative proportions varied

in different localities.^

In one species of Caridina Bouvier found evidence of the

existence of an analogous mutation leading to the genus

Ortmannia. Among eleven examples of C. apiocheles

(Text-fig. 4) (probably from the Seychelles), he observed

one in which the carpus of the second pair of chelipeds (Text-

fig. 4, 5"), instead of being long and slender as in the typical

individuals, was short, broad, and excavated distally, re-

sembling that of the first pair, so that the specimen, had it

occurred alone, would have been referred to Ortmannia.

In this case, however, it remains to be seen Avhether the

^ It may be of interest to give here the i-esults of a preliminary

examination of the material of these two species in the British

Museum collection. In one lot of Atya bisulcata obtained by the

' Challenger ' Expedition at Honolulu forty-two specimens are of the

Atya-type and forty-six of the Ortmannia-tyise. Only one speci-

men cannot be referred to either, having three chelte of the Atya-shape,

while the fourth is distinctly of the Ortmannia-shape. There is a

considerable amount of variation in the chela; of the Ortmannia-
individuals, and their terminal brushes of seta? are always much

shorter than in the Atya-individuals. In a second lot of specimens

from Hawaii only nine Ortmannia-individuals are found among

thirty-eight Atya-individuals. Of the two type-specimens of Atya
serrata from the Cape Yerde Islands in the 'Challenger' collec-

tion, the larger is of the Atya-type while the smaller is a distinct

Ortmannia.
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occurrence of the mutation is a normal and constant feature of

the species.^

Professor Bouvier discusses at length the possible explana-

tions of these curious pheuomena. He points out that it is

impossible to coutinue to regard Atya bisulcata and Ort-

mannia Henshawi, for instance, as distinct and independent

species; their constant association and their identity in all

characters except those of the chelipeds forbid their separa-

tion, and it may be added that Professor Bouvier's proved

skill and experience as a carciuologist give special weight to

his opinion on this point. He also dismisses, and no doubt

Text-fig. 4.

Caridina apioclieles. A', A", First and second chelipeds of

the typical Caridina-form. B'. B", First and second chelipeds

of the O r t ni a n n i a-form (O . E dw a r d s i) . After Bouvier.

rightly, the suggestion that the phenomena are due to

hybridisation; and he concludes that the facts he describes

have their closest analogy in the "mutations" of de Vries.

^ The question whether the genera implicated in these phenomena of

mutation are to l)e retained as valid is of secondary importance, and

hardly concerns more than the convenience of the systematist. If they

are to be retained, however, it would seem that a good case exists for

the re-instatement of the name Atyoida in place of Ortmannia.
Miss Rathbun displaced Atyoida on the ground that the surviving

type-specimens of Randall's Atyoida bisulcata, the type-species of

Atyoida, have chelaj of the Atya-type. If, however, 0. Henshawi,
the type-species of Ortmannia, is only a form of A. bisulcata, the

two genera are synonymous and the older name should be used.
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Instead of being limited to comparatively trivial characters

and giving rise to varieties or " petites especos " as in de

Vries's examples, the mutations of the Atyidcio affect characters

of generic importance. Bouvier believes that the course of

evolution from the more primitive Caridina to the specialised

Atya has been discontinuous, proceeding at a single step

from Caridina to Ortmannia and again from Ortmannia
to Atya, and that the species mentioned remain in the con-

dition of instability accompanying the transition from one to

the other. It is also implied, although Bouvier does not dwell

on the point, that these genera are polyphyletic and have

originated independently in several regions of the globe.

There is still another possibility, not alluded to by Bouviei",

that deserves mention here, namely, that the apparent di-

morphism is due to heteromorphic regeneration of the chelipeds

after mutilation. Many cases are now known among Arthro-

poda in which regenerated appendages depart from the norniiil

type, and not infrequently revert to a simpler and more

primitive form ("regeneration hy j)oty pique " of Giard).

Although the chelipeds of many Atyida) readily break off

from the body in preserved specimens, it seems very impro-

bable that this mutilation should happen so frequently in

nature that 50 per cent, of the specimens collected would

have regenerated limbs ; nor is it less improbable that all four

chelipeds would be removed simultaneously^; and the experi-

ments of Bordage, described below, lend no support to this

suggestion.

Professor Bouvier pointed out the desirability of testing

his conclusions by observation and experiment on the living

animals, and it was at his suggestion that Bordage undertook

the researches of which the results are presented in his recent

papers ('08, '09a, '09b). On the island of Reunion Ort-

mannia alluaudi, with its mutation Atya serrata, occurs

abundantly in mountain streams at altitudes above 300

metres. Owing to the high temperature prevailing at the

' Only one case bus been noticed in wbicli one of tbe chelipeds

differed from tbe others (see above, p. 790, footnote).
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coast (St. Denis), where the experiments were carried on, it

was impossible to keep the animals alive in small aquaria, but

after several failures Bordage succeeded in keeping living

specimens in a small tank of masonry through which a current

of water from the town supply was kept flowing. The inflow

and outflow were guarded by fine wire gauze covered with

musliu to prevent the escape of adults or larvte, or the acci-

dental introduction of additional specimens. A single

ovigerous female of the Ortmannia form was placed in the

tank, and in a few days numerous zoea larvjB were observed

in the water. Only seven individuals survived to assume the

perfect form a fortnight later, and these proved to be all, like

the parent, of the Ortmannia-type. A second experiment,

however, was more successful. Another ovigerous Ort-

mannia was placed in the tank (which had been emptied and

cleaned out between the experiments) and the larvae were

hatched in due course. When they were about to pass into

the final stage of their metamorphosis some weeks of torrential

rain rendered the water-supply muddy and opaque, so that the

young prawns were lost sight of. On cleaning out the tank,

however, sixteen specimens were discovered among the mud,

and of these ten were like the parent, while six were of the

Atya-type. Bordage assures us that the precautions he

took absolutely exclude the possibility of these young
prawns having come from any source other than the eggs

carried by the original female. In another experiment two

females of the Atya-type produced twenty-seven young,

all of which resembled the parents. Bordage states that he

was unable to obtain fecundation of Ortmannia females

by Atya males, while they bred readily with males of their

own type.

These results are somewhat surprising, and can hardly be

accepted as final without a good deal more experimental

evidence. If the two forms do not interbreed, and if, as

Bordage considers probable, the Atya -form always breeds

true, it is evident that the Ortmannia-form would disappear

(in the absence of a selective death-rate operating in its
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favour) even more speedily tliiin is required by ilie " loi de

Delboeuf " to wliich Bouvier ri-fers.

IJordiige also made some experiments on the regeneration

of the cliellpeds. lie found that sifter amputation of the

chelipeds of an Atya, the; regenerating litiibs had at first the

Ortniannia-form—that is to s;iy, the propodus showed a

distinct palmar portion. At the first moult after the opera-

tion, however, the Atya-forni was assumed, the articuhition

of the d.ictylus liaving shifted to the proximal end of the

])ropodus. It is not clear from the account given whether

the chela3 were perfectly formed and movable before the first

moult. Bordiige regards this as a typical case of atavistic

regeneration (regeneration liypotypique), and he also cites a

case described by Fritz Miiller ('92) as showing that the

regenerated second pair of chelipeds in Ortmannia poti-

mirim have an elongated and slender carpus like that of

Caridina.^

While Bordage's results are highly interesting and sug-

gestive, they rest upon a very narrow basis of experimental

evidence. There seems to be no reason to doubt his statement

that young of the Atya -type were hatched from the eggs of

an Ortmannia female, but it is based on the result of a

single experiment carried out under unfavourable conditions,

and no figures of the young prawns are given. The supposed

inability of the Atya females to produce Ortmannia young

rests also on the negative result of a single experiment and

the simple statement that the two forms do not interbreed

deserves to be examined in greater detail. It would be of

interest to have further particulars as to the normal course

of development in the two forms, and to know whether there

is any trace of an Ortmannia stage in the development of the

Atya-form of cheliped. The phenomena of regeneration also

require more thorough investigation ; it is possible that, as is

1 It may be mentioned that a comparison of Miiller's original figure

with the copy given in Bordage's paper does not increase onr confidence

in the diagrammatic drawings Avhich the latter author gives to illustrate

liis own observations.
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known to be the case in other Decapods, the form of the

regenerated limbs may differ according to the age of the

individuals experimented on. While it is very improbable, for

the reasons stated fibove, that the whole appearance of

dimorphism can be due to regeneration, it remains to be

tested whether the form ot" the chelipeds does really remain

constant throughout the life of the individual. Apart from

the possibilty of further experiments with the living animals,

it would be of importance to get together suflficient material

for a biometrical investigation into the degi-ee of discontinuity

in the variation and its incidence in relation to age, sex, and

locality.

One of the most interesting features of these mutations, if

Bouvier's interpretation of them be confirmed, is the direct

way in which they bear on the problems suggested by a

study of the Atyidse from the systematic standpoint. This

may be illustrated by an example. In Lake Tanganyika

(Caiman, '99 and '06) the collections of Mr. J. B. S. Moore,

and, more especially, of Dr. W. A. Cunnington, have revealed

the existence of numerous peculiar species of Atyidae, which

differ from all the other members of the family (with one

exception to be mentioned presently) in having a reduced

branchial formula. Thus the Tanganyika n Caridella re-

sembles Caridina in most of its characters, except that it

has no pleurobranchia on the last somite of the thorax, and

Atyella differs in the same character from Ortmannia.
I have pointed out elsewhere that while the reduction in

the number of branchi^ may have occurred independently

in each of the Tanganyikan genera, so that Caridella
may be supposed to be derived from Caridina, and
Atyella from Ortmannia, Bouvier's results suggest as

a possible alternative that Atyella may have originated

from Caridella by a mutation parallel to that by which,

in other parts of the world, Caridina has given rise to

Ortmannia. The latter hypothesis has recently i*eceived

the support of Prof. Bouvier himself ('09a, '09b), in connec-

tion with his very interesting discover}^ that Atya Poeyi
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of tlio West Indian Islands has the same branchial formula

as Caridella and Afcyella, and in fact only differs from

the last-named genus in having chehe of a distinctly Atya
type. He refers the West Indian species to a new genus, to

which he gives the name Calm an ia. He supposes it to

have been derived from Atyella in the same way as Atya
from Ortmannia, and he concludes that Atyella (and

Caridella also) must formerly have existed in America.

From this view I would venture to dissent. Even if the

phenomena of mutation lead us to believe that similar forms

of chelipeds may have been acquired independently in

different localities, there is no greater difficulty in supposing

that a simple suppression of the posterior plcurobranch may
also have occurred more than once iti the evolution of the

family. In all the groups of animals composing the remark-

able fauna of Tanganyika, there is reason to believe that

many of the endemic genera and species have been differen-

tiated within the limits of the lake itself; and until the

Atyida; with a reduced branchial formula are shown to

have a much wider geographical distribution than is at

present known, it seems impossible to believe in a direct

affinity between the Tanganyikan Atyella and the West

Indian Cal mania.

It may be freely admitted that these phylogenetic specula-

tions rest upon much less solid ground than do the conclusions

drawn directly from experiment or based upon statistics;

but unless we are to abandon all hope of rationalising the

facts of systematic and geographical biology, some such

hypotheses are, for the present, indispensable.
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