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[Annals N. Y. Acad. Sci., XL, No. i, pp. 1-27, March 30, 1898.]

CONSIDERATIONS ON CELL-LINEAGE AND
ANCESTRAL REMINISCENCE,

BASED ON

A Re-Examination of Some Points in the Early Devel-

opment OF Annelids and Polyclades.

Edmund B. Wilson.

(Read December 13, 1897.)

Five years ago I observed in the embryos of two polychae-

tous annelids, Aricia fcetida (Clap.) and Spio fulginosiis (Clap.),

that the two so-called ** primary mesoblasts " bud forth a pair

of extremely minute superficial cells near the posterior lip of the

blastopore before giving rise to the mesoblast-bands.^ Scarcely

larger than polar bodies, these cells lie at or near the surface at

the posterior margin of the entoblast-plate, wedged in between

the latter and the primary mesoblasts (Fig. i, A, C, e ; Fig. 2,

A, e, c) ; and in this position they are carried into the interior

during the ensuing invagination. I could not determine their

fate, and found no evidence that they underw^ent growth or di-

vision, or that they took any part in the building of the embryo.

In Nereis, however, I found that this pair of rudimentary cells

was represented by a group of not less than six or eight some-

what larger cells (Fig. i, B, D ; Fig. 2, B), formed in exactly

the same way and in the same position,^ and further that these

11892, p. 458. 21892, p. 411.
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cells were functional in development, giving rise to a definite

part of the body, though, as will appear beyond, I fell into

error regarding their precise fate/ These facts strongly sug-

gested that the pair of rudimentary cells in 'Aricia and Spio

were to be regarded as vestiges of an ancestral type of devel-

opment in which they were represented by a group of larger

functional cells, such as are still found in the embryo of Nereis.

Such a conclusion, if it could be established, would possess an

importance for the general problems of cell-lineage even greater

than its interest for the more special problems of annelid em-

bryology. For. if vestigial structures may appear in ontogeny

in the form of single cells, the fact would not only afford a

striking illustration of the inadequacy of all so-called " mechan-

ical " explanations of cleavage-forms, but would supply a very

important datum for the estimation of the cell-theory as applied

to development.

The results of a re-examination of the history of these small

cells in Nereis, taken in connection with other recent studies in

cell-lineage, lend strong support to the conclusion indicated

above, enabling us, as I believe, to give a definite interpretation

to the vestigial cells of Aricia, Spio and other forms in which

they have recently been observed f and they also raise some

interesting further questions regarding ancestral reminiscence in

cell-lineage. I am also able to contribute some new observa-

tions on the cell-lineage of a polyclade {Leptopland), which bear

directly on these questions and considerably extend their range.

1 Von Wistinghausen ( 1891 ) had previously observed in Nereis Dumerilii, a group

of small cells derived from the "second somatoblast," which probably correspond

with those I have described in N. limbata and A'', viegalops, though their exact origin

was not followed. Wistinghausen believed that they gave rise to a part of the

ectoblast—a result wholly different from both my earlier account and the present one.

2 Minute cells exactly corresponding in origin and number to those of Aricia have

been found by Mead in Amphitrite (1894, p. 467 ; 1897, p. 247) and by Holmes in

Flanorbis (1897, p. loi). Lillie has found a pair of corresponding but shghtly

larger cells in Unio (1895, p. 27), while in Clymenella they are as large as the pri-

mary mesoblasts (Mead, 1897, p. 264). The corresponding cells in Umbrella

(Heymons), Crepidtda (Conklin), and Physa (Wierzejski) will be referred to be-

yond (see pp. 6, 11-12).
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The Relations between Mesoblast and Entoblast in

Annelids and Mollusks.

In Xcreis, as in the typical development of other annelids and

of gasteropods and lamellibranchs, the mesoblast-bands are de-

rived from the posterior cell of the fourth quartet of '' micro-

meres."^ This cell, now generally known as the second soniato-

blast, divides into two symmetrical halves which have been usu-

ally designated as the ''primary mesoblasts ;" and from them, by

a series of slightly unequal successive divisions, arise the meso-

blast-bands which extend forward in the cleavage -cavity at the

sides of the embryo. Before giving rise to the mesoblast-bands,

however, the ''primaiy mesoblasts" bud forth the small cells

already referred to, at or near the surface directly behind the

two posterior macromeres '' C " and " D." At least six, and

probably not less than ten, of these cells are formed, the primaiy

mesoblasts meanwhile sinking below the surface and becoming

quite covered by ectoblast-cells which advance from the sides

and from behind. The small cells first formed lie at the surface,

wedged in between the "primary mesoblasts" and the macro-

meres (Fig. I, D, c ; Fig. 2, B^. Those formed later lie

below the surface, owing to a change in the plane of division

(Fig. 3, A). The small cells, which are very conspicuous in

sections by reason of their intensely chromatic, closely reticu-

lated nuclei, thus become arranged in a thin plate extending

inwards from the surface between the primary mesoblasts and

the two posterior macromeres (Fig. 3, B). After the formation

of the small cells the divisions of the primary mesoblasts sud-

denly change both in form and direction, the plane of division

being now nearly or quite at right angles to the former (/. c,

approximately parallel to the sagittal plane of the embryo) and

the cells thus produced being nearly as large as the primary

1 Nereis is somewhat exceptional in the fact that the other three cells of the

fourth quartet are suppressed. In Aricia, Polymnia, Spio, Pysgmobranchtis, Hy-

droides, Polygordhis (all of which I have examined), and in some others, the fourth

quartet, is complete, and in the first two forms named, a fifthquartet of (entoblastic)

micromeres is formed before the invagination (Cf. Fig. 2, AY
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Fig. I.i Early embryos oi Aricia [A, C) and Nereis (JB, J>) in sagittal section

(A, ^, C, optical, J), actual). Showing the formation of small posterior

entoblasts (^) between M and D.

A, B, D, b*, cells of the entoblast-plate (cf. Fig. 2); M, the ** primary' mesoblast ;"

m, mesoblast-band ; X, the first somatoblast or its derivatives, forming the soma-

tic plate.

mesoblasts. Thus are formed the mesoblast-bands which form

together a V-shaped mass of cells lying between the macromeres

and the overlying ectoblast. Near the middle line the two

halves of the V are often slightly separated ; and into the space

' All the figures are from camera drawings, made from preparations unless other-

wise stated. Optical sections have been fully confirmed by actual.
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thus formed some of the small cells usually extend, appearing

in sections in the sharpest contrast both to the large rounded

mesoblast-cells and to those of the lateral ectoblast (Fig. 3, C\
From this point the mesoblast-bands extend towards the sides

and ultimately curve upwards (forwards with respect to the

adult long axis) at the sides of the embryo.^

A B
Fig. 2. Corresponding surface views, from the lower pole, of early embryos oi Avicia

(A) and A'ereis {B) ; the limit of the ectoblast, i. c, the lip of the blastospore,

is shown by the heavy line. A shows the single pair of vestigial entoblasts (e,

e) of Aricia lying in front of the primary mesoblasts which are dividing to fonn

the mesoblast-bands (cf. Fig. i, C, which shows the same specimen in sagittal

section). B shows two pairs of superficial entoblasts, lying behind the macro-

mere D, and the spindles of a deeper budding of the " primary mesoblasts" (cf.

Fig. 3, A, for section of this stage).

A, B, C, D, the four basal entoblasts or macromeres ; a^-c^, the fourth quartet of

" micromeres " (entomeres); a^-d^, the fifth quartet (entomeres) ; c'^-d^, deriva-

tives of the third quartet (ectomeres) ; M, J/, the primary mesoblasts (shaded in

B).

Up to this point the account here given is substantially the

same as that contained in my earlier paper on Nereis. Regard-

iJn Aricia the mesoblast-bands are foraied much earlier, while the primaiy meso-

blasts still lie at the surface (Fig. i, C) ; and they lie at first side by side, nearly

parallel to each other, extending upwards behind the entoblast-plate (Fig. 7). In

both these respects Aricia is somewhat similar to Lunibriciis (Cf. \Vilson, Embry-

ology of the Earthworm, Fig. 30 : Joiirn. Morph., 1 889).
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ing the fate of the small cells, however, my first account was

wide of the mark ; for I believed that they migrated into the

interior and spread out upon the walls of the archenteron to

form a part of the splanchnic mesoblast.^ I accordingly called

the small cells ''secondary mesoblast " and applied the same

term to the rudimentary cells of Aricia and Spio. Later studies

by several observers seemed to confirm this conclusion. Lillie

found in Uiiio a single pair of small superficial cells, budded

forth from the "primary mesoblasts " exactly as in Aricia or

Nereis^ but relatively larger, which he likewise believed to

wander into the cleavage-cavity to form a part of the mesoblast.^

Heymons found in Umbrella two pairs of corresponding but

still larger cells, which he, too, apparently traced into the meso-

blast.^ Mead found that a corresponding pair of minute cells,

in Antphitrite are carried in at the tips of the mesoblast-bands ;*

while Holmes still more recently states that in Planorbis they

enter the segmentation cavity.^ Wierzej ski's recent observations

on Physa,^ though differing from the foregoing in some impor-

tant details, agree in referring the small cells, of which several

pairs are formed, to the mesoblast. With such an array of

confirmatory evidence my original conclusion seemed to be

strongly supported. Conklin, however, in his remarkable paper

on Crcpidida, reached a wholly different result, finding in that

gasteropod that cells which probably correspond with the small

cells of Nereis^ give rise to the posterior part of the archenteronj

In regard to Nereis, I have long suspected that my original

account of the fate of the small cells was erroneous. A re-

newed examination of the matter has left no doubt that such

was the case, and gives the strongest ground for the conclusion

that, like the corresponding cells in Crepidula, they enter into

the formation of the archenteron. The evidence for this con-

clusion is as follows :

In my earlier paper on Nereis I overlooked the fact that, be-

sides the small cells derived from the " primary mesoblasts,"

"^ Nereis, p. 413. ^1897, p. loi.

21895, P- 28. 61897, p. 389.

31893, P- 281. "1897, p. 71.

< 1897, p. 248.
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other closely similar cells arc formed, just in front of them by

bjiddiug frojfi the iiiacroincrcs. These cells agree closel}' with

those derived from the " primary mesoblasts" both in size and

in the close reticulation and intensely chromatic character [of

Fig. 3, Nereis. Sections of successive stages in the fomiation of the entoblast-phig

and mesoblast-bands in embryos of Nereis (actual sections, Flemming s fluid ; C is

tranverse, the others sagittal). Lettering as before. A shows a deep budding of

J/(cf. Fig. 2, B); B, later stage showing gioup of small cells [e^ derived from

M; C, still later stage, nearly transverse, showing the mesoblast-bands (///, w)

and the group of small cells {e) below; D, budding of the posterior macromere,

Z>; J5, recession of the entoblast-nuclei; JP, first appearance of the pigment in the

small cells.
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their nuclei. The first of them to be formed are budded forth

at the surface near the lower pole at a time when the ''pri-

mary mesoblasts " have budded three or four times (Fig. 3, D).

Those produced later do not reach the surface, the macro-

mere-nuclei receding from the surface and leaving below them

(towards the surface) a closely packed mass or plug of small

cells (Fig. 3, E), the more anterior of which have been de-

rived from the macromeres, and, therefore, are unquestionably

of entoblastic origin,^ while the more posterior have been

derived from the "primary mesoblasts." This plug is bor-

dered in front and at the sides by the ectoblast-cells of the lips

of the blastopore, which has now become much diminished in

size, while posteriorly it abuts superficially against the ecto-

blast-cells of the somatic plate (derivatives of " d^ " or '* X," the

first somatoblast) and at a deeper level against the primary

mesoblasts (Fig. 3, E). In the cells of this plug are now de-

veloped coarse granules of black pigment (Fig. 3, Z'), by means

of which they are so unmistakably marked that their later his-

tory may be followed step by step with great accuracy. Thus

arises the pigment-area at the lower pole of the trochophore

larva, described in my first paper on Nereis?

In that paper I concluded that the pigment-cells were derived

sotely from the " primary mesoblasts," having overlooked the

fact described above that a part of them, and probably the

greater part, are derived from the macromeres (entomeres). I

reached the further conclusion that the pigment-cells wandered

into the interior and spread out upon the wall of the archenteron

to form a part of the splanchnic mesoblast.^ Renewed studies

demonstrate the erroneous nature of this latter conclusion, and

prove that the pigment-cells give rise to the posterior part of the

arcJienteric zvall itself. Both in total preparations and in serial

longitudinal sections * of the successive stages, every step can

1 These cells are obviously comparable to the entoblast-cells of the fourth and

fifth quartets (and later entoblast-derivatives) in other annelids. In iVereis they

show no definite arrangement.

21892, pp.412, 417.

^Nereis, p. 413.

4 The best results were obtained with strong Flemming's fluid.
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be followed of the progressive inwandering of the pigment-cells

{Fig. 4) to form the narrower posterior part of the pear-shaped

archenteron, while the anterior part is developed from the four

macromeres (entomeres) as is proved by the fact, among oth-

ers, that the fat-drops are found lying in its wall. There is no

possibility of mistaking the fact that the pigment-cells actually

form the archenteric wall, for their outlines can easily be seen

Fig. 4, Nereis. Sagittal sections of larvce. A, trochophore (60 hours), showing

inwandering of the pigment-cells at the lower pole; stomodieum and neural plate

at the right; jB, larva of 4^ days, showing the pigment-cells at/.

and the pigment-granules are found throughout the whole thick-

ness of the wall (Fig. 4, B). The pigment-cells are, therefore,

not mesoblastic, but are ciitoblast-cclls.

In so far as the pigment-cells are derived from the macro-

meres (entomeres), this is exactly what we should expect.

That cells derived from the "primary mesoblasts " should

enter into the formation of the archenteron is howev^er a sur-

prising result ; and it is, therefore, highly important to make
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certain, first whether the pigment-cells are in part identical with

or descended from the small cells budded forth from the

"primary mesoblasts," and second, whether, if this be the fact,

the cells of such origin also wander in to form a part of the

entoblast, A careful study of the successive stages in surface

views, optical sections, and actual serial, sections hardly leaves

room for doubt in regard to either point. In the first place,

pigment is developed in the small cells that abut directly

against the primary mesoblasts (Fig. 3, /^), and the products

of the latter form so considerable a group that it would hardly

be possible to overlook their displacement or wandering away

did such a process occur before the appearance of the pigment.

I can find no evidence of such displacement and hence cannot

escape the conclusion that the pigment-cells lying just anterior

to the primary mesoblasts have been derived from them. The
evidence on the second point, while perhaps not demonstrative,

is hardly less convincing. The pigment-cells disappear from

the surface pari passu with the growth of the archenteron ; and

w^hen the latter is fully formed (in embryos of five days and

upwards) not a trace of pigment can be found at the surface or

in any of the cells of the posterior region save those of the

archenteron. That the superficial pigment-cells actually pass

inwards is proved by the fact that from its first appearance the

pigment is densest in two (sometimes three) symmetrical areas

which are first seen at the surface and may then be traced pro-

gressively inwards in the archenteric wall.^

Taken together, these facts leave no doubt, in m}' opinion^

that the pigment-cells are derived in part from the primary meso-

blasts, in part from the entomeres, and that the cells from both

sources give rise to a portion of the archenteric wall and to no

other structure. If this conclusion be correct, it follows that

the " primary mesoblasts" are not properly so-called, but are

mesentoblasts, precisely as Conklin has described in Crcpidida.

Now, there can be no doubt that the single pair of minute cells

in Aricia and Spio represent the group of cells of like origin in

1 Cf. 1892, Figs. 79-91, which show this fact, through not as clearly as it appears

in my more recent preparations.
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Nereis. They must, therefore, be regarded as vestiges of fiuie-

tional entoblast-cells sucJi as those of Xe?ris, ami vwrpliologically

they represent the posterior part of tJie entoblast-plate^ (Cf. Fig. i,

B; Fig. 2, A\
The foregoing interpretation is entirely in harmony with

Conkhn's important discoveries in the gasteropod Crepidida.

Conkhn here definitely showed, for the first time in any animal,^

that the so-called " primary mesoblasts " give rise to a group of

entoblast-cells before dividing to form the mesoblast-bands.

But more than this, Crepidida represents a step in the series

which may be regarded as anterior to the condition found in

Nereis ; for here each mesentoblast divides off two entoblast-

cells, the bulk of which taken together is actually greater than

that of the mesoblastic material remaining, " less than half the

cell (4d) being destined to form mesoblast."^ The three forms

Crepidida^ Nereis, Arieia, thus form a progressive series in which

the entoblastic part of the mesentoblast cell is reduced from

more than half the bulk of the cell to an insignificant vestige.

It is probable that two intermediate steps besides Nereis have

been observed by Lillie and Mead respectively. The two cells

found by the first named observer, in [//do, are somewhat larger

than those of Nereis ;^ while in Clymenella as described by

Mead, they are equal in size to the mesoblastic moiety. "^

lit would be interesting to determine whether the vestigial cells of Arieia may

not be taken into the archenteric wall and thus still retain their functional signifi-

cance. I have not thus far been able to determine this point; but Mead's obser-

vations on Amphitritc seem to show that in this form such is not the case, for the

vestigial cells are here fornied so far from the surface that they pass into the cleavage-

cavity and are carried forwards at the tips of the mesoblast-bands. Mead himself

concludes that their position in Amphitrite is secondary, being a " reminiscence of

a surface division which still persists in many forms'' (1897, p. 295) I would sug-

gest that their position in A/iiphitrifevi\a\he due to the early inwanderingof the '* pri-

mar}- mesoblasts." It is not surprising that a vestigial cell of this kind should vary

somewhat in position ; and it should be recalled that in Xercis the later-formed cells

lie at some distance below the surface. In Arieia, too, the vestigial cells do not

always reach the surface.

2 Compare, however, the somewhat similar earlier accounts of Patten tor Patella

(1896) and Stauffacher for Cyelas (1893). See Conklin, p. 71.

^ Crepidtila, p. 69.

* Unio, Fig. 60.

51897, Fig. 88.
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Neither of these observers, it is true, suggests the interpretation

given above, Lillie somewhat doubtfully assigning to the super-

ficial cells the same fate as I originally did in Nereis^ while

Mead leaves the matter undetermined. It seems probable,

however, that we may look for the same fate for these cells as

in Crcpidiila or Nereis} indeed I venture to think that Lillie'

s

observations are themselves open to such an interpretation.^

These facts, I believe, support the view which has been held

by many embryologists from the time of Kowalevsky onwards ^

that the primary mesoblasts, or mesoblastic pole-cells of an-

nelids and mollusks must be regarded as derivatives of the

archenteron. In both these groups the primary mesoblasts are

derived from the posterior cell of the fourth quartet of '* micro-

meres," the lateral and anterior cells of which are, so far as we
know, strictly and always entoblastic. The facts indicate, fur-

ther, that a progressive process of differentiation in cleavage has

been going forward, through which the posterior cell of this

quartet has become more and more strictly given over to the

formation of mesoblast. The vestigial cells of Aricia, Spio,

AmpJdtritc and P/<r^;<?<9;'/;^" would seem to represent the last traces

of such archenteric origin of the teloblasts ; and it is possible,

indeed probable, that there are cases in which even these traces

have disappeared, the posterior cell of the fourth quartet being

strictly mesoblastic from the first.
"^

^ Conklin has fully considered [Crepidula, p. 72) the apparently contradictory

case of Umbrella, as described by Heymons (1893), where cells exactly corre-

sponding to the "posterior enteroblasts " of Crepidiila are described as giving rise to

mesoblast. Despite Heymon's careful account, I venture to think that the case de-

mands re-investigation in the light of Conklin's work. In a recent account of the

mesoblast in Physa (1897), Wierzejski finds that small cells ( " mesoderm-micro-

meres'
'
) are budded forth not only from the '

' primary mesoblasts '

' but also from the

larger lateral cells derived from them. All these cells are assumed to be meso-

blastic, though their fate was not followed out (1897, p. 391).
2 Unio, Fig. 67.

3Cf. Kowalevsky, 1871, p. 30; O. and R. Hertwig, 1881, p. 47. Hatschek,

1888, p. 76; Rabl, 1889, p. 207, and earlier literature there cited*

*This point must remain doubtful until renewed investigation shall show
whether the superficial budding is ever entirely suppressed ; for we cannot safely

infer its absence from existing accounts, and I am not convinced that my own state-

ment of their apparent absence in Polyinnia {^Nereis, p. 458) may not have rested

upon an oversight.
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The bearing of this conclusion on the possible relation be-

tween the teloblastic and enterocoelic modes of mesoblast-for-

mation is obvious. This question will, however, appear in a

clearer light after a consideration of the polyclade cell-lineage

in relation to the foregoing results.

II.

The MlCROMERE-OUARTETS IN AxNELIDS, MoLLUSKS AND
POLYCLADES.

The marvelously close resemblance in cell-lineage between

the annelids, gasteropods and lamellibranchs which recent re-

search, more especially within the last five years, has brought

to light, leaves no doubt not only that the general forms of

cleavage in these groups are reducible to a common type, but

also that a considerable number of more or less definite cell-

homologies can be established between them, even in the early

cleavage-stages. The attempt to extend the comparison beyond

the limits of these groups has, however, thus far encountered a

very serious stumbling-block in the cell-lineage of the poly-

clades. If we accept Lang's view, which is supported by a

large amount of evidence, that the platodes are not very far

removed from the ancestral prototype of annelids and moUusks,

we should expect to find in the polyclade a mode of cleavage

to which that of the higher forms can in its main features be

reduced. In point of fact, however, this seems to be the case

only in the /<?;';;/ of cleavage and not, so to speak, in its substance ;

for, although the general type of cleavage and the arrangement

of the blastomeres in the polyclade shows an extraordinary re-

semblance to that of the annelid or gasteropod, the cells seem

not to have the same morphological value. I have elsewhere

sufficiently indicated the nature of this difficulty,^ which has

also been remarked by a number of other writers ; but for

the sake of clearness I will again direct attention to its leading

features.

"^Nereis, p. 441 ; The Cell, pp. 314, 315.
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In the typical development^ of all the forms in question

—

polyclades, annelids, gasteropods, lamellibranchs—the egg first

divides into four quadrants. From these at least three, and
sometimes four or five regular quartets of cells—usually smaller,

and hence designated as *' micromeres "—are successively pro-

duced by more or less unequal and oblique cleavages toward

Fig. 5. Diagram showing the typical arrangement of the micromere-quartets in

polyclades, annelids and mollusks (their secondary divisions being omitted).

A., from the upper pole. B, diagram of the typical history of the posterior quad-

rant of an annelid or gasteropod embryo ; ectoblast is derived from the vmshaded

cells (i, 2, 3), the mesoblast-bands from the dotted cell (4), ectoblast from the

lined cells (5, Z>).

the upper pole (diagram, Fig. 5). These quartets are dis-

placed according to a definite law, the first being rotated, as it

were, towards the right (clockwise), the second towards the

left (anti -clockwise), the third to the right, and so on in regular

alternation.^ The secondary divisions of these micromeres also

1 There are some well-determined exceptions to this mode of cleavage, and at least

one of these—the case oi Polychccnis, as described by Gardiner, 1895—is apparently

irreducible to it.

2 The reversal of the direction of displacement in the sinistral gasteropods, dis-

covered by Crampton, is an exception which emphasizes the rule.
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show a remarkable similarity, in all the forms, up to a certain point.

In morphological value, however, the micromere-quartets of the

polyclade appear to differ radically from those of the annelid-

mollusk type. In the former the first quartet is described as

giving rise to the entire ectoblast, while the second and third

quartets are mesoblastic.^ In the latter, on the other hand,

these same three quartets give rise to ectoblast, while, as stated

above, the main mass of the mesoblast is derived from a single

cell (the posterior) of a fourth quartet of which the other three

cells form entoblast (Fig. 5, B). If a fifth quartet is formed it

is invariably entoblastic (Fig. 2, A).

At the time attention was first called to these differences it

seemed hopeless to reconcile them. Later researches showed,

however, that the discrepancy was not so great as it seemed.

Lillie first discovered in 1895 that in the lamellibranch Unio one

cell (the left) of the second quartet give rise to mesoblastic ele-

ments (the "larval mesenchyme")^ and more recently Conklin

has found a similar derivation of mesoblast-cells from three cells

(right, left and anterior) of this quartet in the gasteropod Crc-

pidiila}

It is clear that these interesting discoveries partially bridge

the gap between the polyclade and the other forms ; though

how great it still remains may be judged from the fact that

Conklin still regarded the differences as " very great, perhaps

irreconcilable," ^ while Mead, in a still more recent work on the

cell-lineage of annelids, is forced into a position of skepticism

regarding Lang's whole account of the origin of mesoblast in

the polyclade.'^

For these and other reasons a re-examination of the early de-

velopment of polyclades has become in the highest degree de-

sirable. After a search extending through several years, I have

at length succeeded in finding a form very favorable for this

purpose—a species of Lcptoplana ^ having eggs that are large

iLang, 1884. *Crepidu/a, p. 196.

2 Unio, p. 24. 5 1897, p. 289.

3 Crepidiila, p. 150.

6 An undetermined species found in great profusion at Port Townsend, Washing-

ton, on Puget Sound.
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and transparent, are easily procurable in large numbers, and de-

velop so slowly that the successive stages may be very accu-

rately followed in life, while every point may be repeatedly

verified in a large number of specimens. The results of a study

of these eggs not only help still further to set aside the ap-

parent contradiction between the polyclade and the annelid-

mollusk type, but, w^hen taken in connection with the foregoing

observations on annelids and gasteropods, also raise some highly

interesting questions regarding the relation of cell-lineage to an-

cestral reminiscence.

I shall not here describe the cleavage of Lcptoplana in detail,,

but will only indicate its leading features. Up to the thirty-

two-cell stage, and for some distance beyond, the cleavage is a

most beautiful example of the symmetrical spiral type, agree-

ing very exactly wuth Discoccclis as described by Lang, except-

ing in the fact that in the four-cell stage the cross-furrow is

inconstant and often wanting. The first three quartets of mi-

cromeres are formed exactly as in an annelid, and have the

same position and relative size as in Discoccelis (Fig. 5, A), w^hile

the four large cells remaining give rise to the archenteron.

Regarding the morphological value of these three quartets,,

however, my results differ very considerably from Lang's and

are such as to bring the polyclade cell-lineage into direct rela-

tion with that of the annelid, gasteropod and lamellibranch.

As in these groups all three of tJie quartets give rise to ectoblast^

the first and third apparently to ectoblast alone, though I am
not certain that the third quartet may not give rise also to a

small modicum of mesoblast-cells. The principal interest

centers in the second quartet, from w^hich, as Hallez, Gotte and

Lang have shown, the principal mass of the mesoblast is formed.

What these observers have failed to observe is the fact that each

cell of this quartet gives rise to several ectoblast-cells—at least

three, and probably four—before sinking into the interior to

form mesoblast. These divisions are of constant form, as fol-

lows : During the fifth cleavage each cell divides unequally

towards the left as viewed from the side (/. r., clockwise, as seen

from above) to form an ectoblast-cell (** 2^ ") that abuts against a



Fig. 6, Leptoplana. (Camera drawings from the transparent living embr}-os.

)

A, 32-cell stage, from the upper pole ; B, 36-cell stage, from the side, showing

second division of 2 ; O, side view, approximately 60 cells, showing the third

ectoblast cell (2^) derived from 2, the fourth quartet (4) and the basal entoblasts

(D, C). D, delamination of mesoblast in the fourth division of 2 Tshaded),

from the lower pole, showing the basal quartet of entomeres [A-D, and the two

somewhat unequal cells (4^/^ 4^^) formed by the vertical division of the poster-

ior cell [of the fourth quartet. J^, posterior view of ensuing stage, showing the

two posterior mesoblast cells ( shaded) lying in the interior, and a marked in-

equality between (4d!'iand 4^^). F^, later stage; multiplication of the meso-

blast-cells (shaded) equality of 4^/^ and ^d^, as in Discocaiis,
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cell of the third quartet formed about the same time (Fig. 6,

A)} The second division is nearh' or quite horizontal, separat-

ing a second ectoblast-cell ("2'") directly above the original

or stem-cell (Fig. 6, B). The third ectoblast cell ('' 2^ "), which

is very small, is budded forth at the lower tip in the angle be-

tween the macromeres (Fig. 6, C, D). The three cells thus

formed (2\ 2^, 2^, Fig. 6) enter, as I believe, into the general

ectoblast. At the fourth division the stem-cell divides unequally

in a direction parallel to the surface, a large inner cell being de-

laminated off from a smaller superficial cell (2^, Fig. 6, D).

TJic inner ail is forced into the angle betzi'cen the two adjoining

'' macromeresy and forms one quadrant of the mesoblast ; tJic

outer cell flattens out at tlie surface ami is, I believe, afi ectoblast-

cell, though I am not entirely sure that it may not ultimately

migrate into the interior to form mesoblast. The four primaiy

mesoblast-cells thus formed rapidly multiply to form four

groups of rounded granular cells (Fig. 6, F) which may easily

be seen for a long time through the transparent ectoblast and

from which the greater part, if not all, of the adult mesoblast

is derived.

It is clear from these facts that the cells of the second quartet

in the polyclade (/. e., in Leptopland) are not purely mesoblastic,

but are mesectoblasts. It seems equally clear that the formation

of " larval mesenchyme" from certain cells of the second quartet

in Unio and Crepidula must be regarded as an ancestral remi-

niscence or survival of the process that occurs in all four of the

cells in the polyclade, and it is an interesting question whether

such a survival may not also occur in the embryos of annelids.

A careful re-examination of Nereis with respect to this point has

thus far yielded a negative result. In Aricia, on the other hand,

it is probable that two mesoblast-cells arise from either the

second or third quartet, though the material at my command
has not enabled me to reach a decisive result. At the stage shown

in Figs. I, C, and 2, A, two large and very conspicuous rounded

cells are found lying, one on either side, in the cleavage-cavity

between the lateral ectoblast and the mesoblast-band (j', y, Fig.

* Lang figures this division—PI. 35, Fig. 5.
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7) and slightly anterior to the latter. Sections show that these

cells are budding forth smaller cells into the cleavage-cavity. I

am nearly certain that these cells are not derived from the ento-

blast ; and their position is such that an origin from the primary

mesoblasts is improbable. They are often closely wedged in

between the overlying ectoblast-cells, and all the appearances

indicate that they have been derived from the latter. From
their position I believe it probable that these cells have been de-

rived from the two lateral cells of either the third or the second

Fig. 7, Aricia. Frontal optical section^ of early embryo of Aricia, showing the

parallel mesoblast-bands (;//, ;;/) extending upwards frona the primary mesoblasts,

M, M, behind the entoblast plate (cf. Figs, i, C and 2, A, which show the

same individual in different positions). At the sides of, and slightly anterior to,

the mesoblast-bands are the two mesoblast-cells {y, y) of probable ectoblastic

origin.

quartet—/. c, from derivation of r^ and d^, or of r" and a'^ {Cf.

Fig. 2, A)—and that they accordingly are comparable to the

** larval mesenchyme" or *' secondary mesoblast" (/. r., the ecto-

mesoblast) of Unio and Crepidiila. Future investigation must

determine whether this surmise be correct, and what is the ulti-

mate fate of these cells, but the facts give, I think, good reason

1 Confirmed by actual sections.
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to expect that the annehds will ultimately be shown to agree with

the mollusks in showing reminiscences of the ancestral mode of

development in the double origin of the mesoblast.

Returning now to the mollusks, Wierzejski, in a recent pre-

hminary paper (1897) states very explicitly that in PJiysa a

part of the mesoblast is derived from two cells of the tJiird

quartet/ This result, if well founded, giv^es good reason to

suspect that the third quartet may give rise to mesoblast in

some of the polyclades, as Lang has maintained for Discoccelis.

In Lcptoplana I have sought carefully for evidence of such a

process, but thus far without success. This negative result is,

however, inconclusive owing to the difficulty of tracing the later

history of the individual cells. The first division of the third

quartet is vertical to the surface (Fig. 6, C^ and in later stages I

have thus far found no evidence that a delamination of meso-

blast occurs. Soon after the delamination of mesoblast in the

second quartet, all of the ectoblast-cells forming the lips of the

blastopore become much flattened (Fig. 6, F)^ while the ecto-

blast-cap rapidly extends downward, the blastopore finally clos-

ing at or near the lower pole. In these stages the outlines of

the thin ecoblast-cells are very difficult to see, either in life or in

preparations, owing to the confusion produced by the underlying

deutoplasm-spheres, now much increased in size, on which they

are moulded. The mesoblast now forms four groups of

rounded granular cells conspicuously seen through the trans-

parent outer cells. A study of the successive stages proves that

the greater number of these are derivatives of the second quartet
;

but the possibility remains that some additions may have been

made from the third quartet.

From the foregoing account it appears that the '' mesoblast

"

of the polyclade is derived from the ectoblast ; and it may, I

think, be taken as a fair working hypothesis that this " meso-

blast " is represented in the mollusks, and probably also in

some annelids by cells ('' larval mesenchyme," etc.) derived from

the second quartet {IJnio^ Crcpidida, Aj'iciaQ)) or perhaps in

1 Confirmed by Holmes in the case of Pianorbis since the aI)ove was written.

See Science, VI, No. 154.
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some cases from the third quartet {Physa, Ancia{}))} Assum-
ing this to be the case, what shall we say of the mesoblast-

bands, which are in annelids and mollusks derived from the

fourth quartet and which, as we have seen reason to conclude

(p. 12), are probably to be regarded as derivatives of the primi-

tive archenteron ? The development of the polyclade suggests

an answer to this question which is in harmony with the facts

discussed in the first part of this paper. As earlier observers

have shown, the fourth division of the *' macromeres " in the

polyclade is unequal, giving rise to four smaller cells at the

lower pole of the embryo {A-D, Fig. 6, C-E), and to four much
larger cells lying above them. From these eight cells, which

are heavily laden with deutoplasm and differ entirely in appear-

ance from the ectomeres and mesomeres, the archenteron is

formed. With this Leptoplana exactly agrees, and I can find

no evidence that mesoblast-cells are formed from any of these

eight cells. If now we judge solely by relative position without

respect to size, the four larger cells or ''macromeres" (4—4)

correspond exactly with the fourth quartet of annelids and mol-

lusks—in fact, they are relatively not very much larger than in

some of the mollusks (e. g., Planorbis, t. Rabl, 1880). Lang
discovered the remarkable fact that in Discoco^lis, as in so many
of the latter animals, the posterior cell of these four di-

vides long before the others ; and further, that this division is

equal, giving rise to two symmetrically placed cells at the pos-

terior end of the embryo, while the ensuing divisions of the

other three cells of the quartet are unequal and irregular.^

Mead^ has pointed out the very remarkable resemblance of

these two cells in Discocoelis to the "primary mesoblasts " of

annelids and gasteropods and even goes so far as to suggest

that they may give rise to mesoblast-bands in the polyclade.

My observations on Leptoplana lend no support to this sugges-

tion, agreeing nearly with those of Lang on Discoea^lis save in

^ Edouard Meyer (1890, p. 299) has definitely compared the "parenchyma"

(mesoblast) of the Turbellaria with the "larval mesenchyme" of the annelids,

which he believes to have a different origin from the mesoblast-bands.

2Cf. Lang, 1884, Figs. 17-20.

31897, p. 289.
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one noteworthy respect, namely, that the division of the pos-

terior " macromere " is variable, only rarely dividing equally

(Fig. 6, F^ and as a rule dividing unequally, giving rise to a

smaller cell (4<^^ Fig. 6, E^ that is typically formed obliquely

•towards the right as seen from the side (/. c, in a leiotropic or

anti-clockwise spiral.^ From this it appears that the form of

cleavage in the fourth quartet of Discoavlis, which agrees so

exactly with that of the annelids and mollusks, appears as only

an occasional variation in Lcptoplana, though even here the

posterior ''macromere" is always the first to divide.

As regards the fate of these cells, the inequality of ^d^ and

A^d- (often veiy marked) is itself indirect evidence that they do

not give rise to symmetrical mesoblast-bands as in the higher

types and I find no evidence that either of them gives rise to

mesoblast-cells. Both seem to have the same fate as the other

entoblast-cells, with which they exactly agree in deutoplasmic

structure, and enter into the formation of the archenteron as

Lang has shown in the case of Discocoelis. Can we neverthe-

less regard them as homologous to, or rather as the prototypes

of, the primary mesentoblasts of the annelids and mollusks ?

When ^ve reflect on the facts, reviewed in the first part of this

paper, we may hesitate to answer this question in the negative.

For we have seen reason for the conclusion that the primary

mesoblasts of annelids and gasteropods have arisen historically,

as they arise ontogenetically, /"r<^;// tJic posterior part of tJic arcJi-

entcron ; and we have traced the entoblastic elements of the

posterior cell of the fourth quartet from a minute and apparently

functionless vestige (Aricid) back to a group of large and im-

portant cells (Crepididd). I think we should consider the pos-

sibility, if only as a working hypothesis, that in ancestral types

the entoblastic elements of the posterior cell of the fourth quartet

1 Typically

—

i. e., in probably ninety per cent, of the cases observed, the division

is markedly unequal—often much more so than in Fig. 5, ^. In a few cases the

direction of division is reversed, the smaller cell, 4^2 being found towards the left

(dexiotropic spiral). Sometimes the division is equal and vertical as in Discoccclis

;

more rarely it is horizontal and either equal or unequal. I believe all these varia-

tions occur in normal embryos. A considerable time after the formation of 4^/^ the

other macromeres begin to divide unequally and irregularly, and all the macromeres

ultimately break up into smaller rounded cells, heavily laden with deutoplasm.
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may have preponderated as greath' over the mesobhistic as the

latter now preponderates over the entoblastic in Aricia ; and that

the beginning of the series may have been sucli a mode of develop-

ment as still occurs in the polyclade where the entire quartet

is entoblastic. Thus we are brought anew to the view which

has been advocated by a number of morphologists, prominent

among them Edouard Meyer/ that the mesoblast-bands (ento-

mesoblast) of the higher forms may have been of different origin

phylogenetically from the "larval mesenchyme"-

More specifically I would suggest that in the ancestral type

the fourth quartet was strictly entoblastic ; that at a later period

in the phylogem-the trunk-mesoblast (mesoblast-bands of higher

types) took its origin from the posterior part of the archenteron,

perhaps in connection with the development of a new body-region

from the posterior part of the ancestral body ; and that as the

cleavage became progressively specialized (/". c, assumed more of

what Conklin has termed a '* determinate type ") the seat of this

mesoblast-formation became more and more definitely localized

in the posterior member of the fourth quartet. The symmet-

rical division of this cell in the polyclade might accordingly be

regarded as the prototype of that which occurs in the annelid

or mollusk, though the resulting cells have in the latter

forms acquired a different morphological significance. In other

words the old building-pattern, still persisting more or less

definitely in the polyclade, has been adapted to a new use'^

precisely as in the evolution of adult structures.

I would distinctly repeat that these suggestions are offered only

as a speculative working hypothesis ; yet, despite their hypothe-

tical character, it seems to me that they may give a new point of

attack upon some of the puzzling phylogenetic problems with

which the study of cell -lineage has to grapple.

1 1890, p. 299.

^t Cf. Conklin, p. 15 1.

•^"Imagine that in any species anew organ is added, or rather, that a diffuse

series of stiiictures gains great importance and compactness in the course of evolu-

tion. Then this new structure viay be represented in ontogeny by a cell. But the

form of cleavage is already defined. -^ ^ * The manufacture of a new cell be-

ing an impossibility, an old cell must be modified to represent the new organ."

(Lillie, 1895, P- 37)
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III.

On Cell-lineage and Ancestral Reminiscence.^

The phenomena shown in the history of the micromere-quar-

tets in platodes, anneHds and moUusks are, I think, of general in-

terest in two directions.

In the first place they render it highly probable, if they do not

actually demonstrate, that development may exhibit ancestral

reminiscence as clearly in the cleavage of the ovum as in the

later formation of tissues and organs. That the rudimentary

entoblasts of Aricia, Spio, or AmpJiityite are such ancestral rem-

iniscences seems almost as clear as that the yolk-sac of the

mammalian embryo or the primitive streak of a bird-embryo are

such ; and the same may be said of the formation of mesen-

chyme-cells from the second quartet in Uiiio or Crcpidiila

These facts, among many others, may well give us hope that,

when the comparative study of cell -lineage has been carried

further, the study of the cleavage-stages may prove as valuable

a means for the investigation of homologies and of animal rela-

tionships as that of the embryonic and larval stages. The re-

sults of experimental embryology have no doubt seemed ad-

verse to such a conclusion, by showing how easily the cleav-

age-stages may be altered by changes in the conditions of

development. But I cannot see that the embryonic and larval

stages are in much better case. Certainly the modification of

cleavage-forms which Driesch has effected in the echinoderm

^S& by pressure, temperature and the like, are hardly greater

than those which Herbst has brought to pass in the gas-

trular and larval stages of the same eggs through modification

of the chemical environment. It is true that nearly related

forms—for example the gasteropods and the cephalopods—may
differ very widely in the form of cleavage ; but so they may in

the embryonic and larval stages, and it may fairly be questioned

whether ** secondary modification " or *' coenogenetic change "

has gone further in one case than in the other.

^ The term "ancestral reminiscence" is here used to denote any feature of de-

velopment, the meaning of which is only apparent in the light of earlier historical

conditions, whether of the adult or of the embryo.
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Recent advances in the study of cell-lineage have, it is true,

raised some new apparent difficulties in the attempt to establish

precise cell-homologies, even between nearly related forms^

though I suspect that some of these will be found less serious

than they now appear. Against these difficulties, hovvev^er,

may fairly be placed an increasing body of affirmative evi-

dence,- and on this side may be ranged the observations re-

corded in the present paper. We should, moreover, remember

that just as the homologies of adult parts may be complete or

incomplete in various degrees (as Gegenbaur long since urged),

so cell-homologies may be more or less definite. Furthermore,

just as we cannot always find exact equivalents, in related forms,

of the several sub-divisions of homologous nerves or blood-

vessels or sense-organs, so we need not expect to find exact

homologues for all the individual cells throughout ontogeny.

The wonder is, indeed, that so many definite cell-homologies

have been established. I believe the facts now known demon-

strate the inadequacy of Hertwig's too simple conclusion that the

definite values of the blastomeres, and hence of the cell-homol-

ogies based upon them, are merely an incidental result of the

continuity of development,"^ and that they do not leave without

support the plea made five years ago in my paper on Nereis, for

the study of cell-lineage as a guide to relationship.'^

In the second place, these facts seem on the whole to em-

phasize the importance of cell-formation in development. The

inadequacy of the cell -theory as applied to development has

been very ably urged, especially by Whitman and by Adam
Sedgwick ; and their conclusions, fortified by the epoch-making-

discoveries of Roux, Driesch and others on the development of

isolated blastomeres, are of an importance that we are only be-

ginning fully to realize. But the time has not yet come for a

just estimate of the cell-theory in this aspect ; and it may well

be questioned whether in the reaction against the cell -mosaic

theory, as originated by Schwann, and developed with so much

iCf. Mead, 1897, and Child, 1897.

2Cf. Conklin, 1897.

3 Cf. the very eft'ective criticism of ConkUn, 1897, p. 191.

^1892, pp. 367, 455.
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ingenuity by Roux and Weismann, the pendulum of opinion

may not have swung too far towards the opposite extreme.

The persistence in cleavage of vestigial cells (such as the rudi-

mentary enteroblasts of Aricia), or of vestigial processes in the

formation of the germ-layers (as in the origin of the " mesen-

chyme '

' in i^/iio or Crepididd) adds to the evidence that the

number and character of the cell-divisions stand in some direct

and important relation to the differentiation-process ; and it

would be difficult to explain such ancestral reminiscence in cell-

lineage under any view w'hich does not recognize in cell-out-

lines the definite boundaries of differentiation-areas in the de-

veloping embryo.^ The history of the posterior cell of the

fourth quartet in annelids and gasteropods gives a clue to the

process through w^hich teloblasts and other determinate proto-

blasts have arisen by progressive specialization ; and I think it

lends support to the distinction drawn by Conklin^ between
" determinate " and ''indeterminate " types of cleavage by show-

ing some of the steps by which the former may ha\'e been

acquired.

From a physiological standpoint the persistence of rudimen-

tary cells in cleavage is a problem of high interest which

merges into the larger problem of ancestral reminiscence in

general. When one considers the analogous case of the polar

bodies, one is almost tempted to suspect that the formation of

the rudimentary enteroblasts may be in some wa\' connected

Avith a definite transformation of the nuclear substance. It is,

however, equally possible that the removal of the cytoplastinic

substance of these cells may be a necessary condition of the

differentiation of the mesoblastic material.

Zoological Laboratory of Columbia University,

December 4, 1897.

1 Cf. Wilson, 1893, P- ^4-

2 1897, p. 190.
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AN "X-RAY detector;' FOR RESEARCH
PURPOSES.

C. C. Trowbridge.

(Read November 2, 1896.)

The " X-ray Detector" is an instrument which has been de-

signed and constructed for the study of fluorescence caused by

Rontgen rays. It is a new form of the " fluoroscope," that ap-

paratus which has been so generally used for the observation of

the shadow images cast by these rays.

In its construction several devices were used to make it par-

ticularly suitable for research purposes, and a name has been

given it, in order that it might not be confused with the types

of the instrument previously constructed.

A description of the '* X-ray Detector" will be more clearly

understood, if a brief reference is first made to the original forms

of the "fluoroscope."

Shortly after the discovery of the X-rays, several investiga-

tors independently perfected the method of using the fluores-

cent screen, employed by Professor Rontgen in his first experi-

ments with these rays, and devised an instrument for the study

of the shadow pictures of this recently discovered form of en-

ergy.

Professor E. Salvioni, of Perugia University, Italy, and Pro-

fessor William F. Magie, of Princeton College, in this country,

appear to have been the first to construct and use such appara-

tus. Both were apparently working on similar lines of research

and developed the same idea independently of each other.

In a paper read before the Perugia Medico-Chirurgical Society

on February 5, 1896, Professor Salvioni gave an account of

an instrument, devised by himself, for the observation of X-ray

shadow effects, in which he made use of the fluorescent screen.

(29)
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A short article b\' Professor Magie, describing a similar con-

trivance, appeared in The Medical Ncivs^ of February i 5th. It

ran thus :
" A sheet of black paper coated with platinum-bari-

cyanide, is placed with the coated side inward across the end of

a tube or box, into which the observer looks, and which is so

fitted to the face or shielded b\' cloths that the phosphorescent

substance and the eyes are protected from all extraneous light."

" If the tube be then directed towards the Rontgen rays, the

phosphorescent paper in the tube glows and the shadows of

objects interposed between it and the Crookes tube appear upon

it." Professor Magie subsequently suggested that the name of

"skiascope" (an instrument to show shadows) be given to the

apparatus.

About March 20th, or a little over a month after the publica-

tion of Professor Magic's article in The Medical Xcivs, the Edi-

son fluoroscope appeared. It was essentially the same instru-

ment as that described in TJie Medical Nezus, except, that the

fluorescent substance, used by Mr. Edison to coat the screen,

was tungstate of calcium, which had been adopted because it

was believed by him to have greater fluorescent properties than

the barium platino-cyanide, and that it was provided with a bi-

nocular eye-protector, made to fit close to the face and shut out

all light from entering the apparatus at that end ; thus allow-

ing both'e}'es to be used to observe the screen. The instrument

was furthermore made in a convenient form, and one which was

considered desirable for commercial uses. The "fluoroscope"

or "skiascope" is very valuable for the observation of Rontgen

ray shadows, and has already been of considerable assistance in

a number of surgical operations, but it can only be used for ap-

proximate tests in scientific research, and is entirely unfitted for

certain investigations, for reasons which will be demonstrated

below.

Although in the greater number of investigations with Ront-

gen rays the photographic negative should be used in order

to obtain the most satisfactory results, there are a number of

important experiments relating to the various phenomena of

Crookes tubes which must be conducted by other methods.
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From these facts was evident the need of a scientific instru-

ment suitable for studying the phenomena of Rontgen rays, and

one that could be perfectly relied upon. An apparatus de-

signed for such purposes was constructed by the wTiter in Ma}',

1896, under the superv^ision of Professor Rood, of Columbia

Universit}', who suggested some of its important devices. Sev-

eral forms of the instrument w^ere exhibited before the New York

Academy of Sciences at the meeting of November 2, 1896.

The "X-ray Detector" is shown in outline in figures 8 and

9. In these cuts the main casing of the instrument is repre-

FiG. 8. Side view of the " X-Rav Detector."

sented by A. It is made of thin wood, that is perfectly im-

pervious to ordinary light, and is 30 centimeters in length. The

ends of the casing, A, are rectangular, but differ somewhat in

dimensions
; at the extreme end, next to B, the outside meas-



32 TROWBRIDGE.

urements are 1 1 centimeters in width by 7.5 centimeters in depth,

while at the opposite end, at C, the casing is square, being 7.5

X 7. 5 centimeters.

Just back of the end C, the lower portion of the casing is en-

larged by a half-cylinder or half-drum extension of 6 cms.

radius, which was added so as to conform the shape of the casing

to certain devices which comprise a part of the interior con-

struction of the apparatus. The entire inside of the instrument,

including all the brass parts, is painted a dead black.

i), in figs. 8 and 9, is a binocular eye-protector of patent

leather, which is shaped to fit above the eyes, and has a black

velvet cushion on the edge, marked B' . This cushion is added

so as to prevent, as far as possible, all light from entering the

instrument from around the edge of the eye-protector. It

is made soft and elastic, in order that it may readily be made to

follow the contour and set close to the face of the person using

the instrument.

At the opposite end from ^ is a brass screen holder, C, which

measures 7.5x7.5 centimeters, and is constructed to fit exactly

into the end of the casing A. In this screen holder there is a

circular aperture 5.5 cms. in diameter, which is encircled by a

thin ring of brass that extends .5 cms. outward from the main

portion of the screen holder. A screen of black paper is placed

over this opening, having on its inner side crystals of barium-plat-

ino-cyanide (BaPtCy^ + 4Aq), tungate of calcium (CaWOJ, or

n N

Fig. 9. Top View of the "X-Ray Detector."
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some other strongly fluorescent substance. These crystals are

uniformly distributed over the area of a circle 5.5 centimeters in

diameter.

The black paper screen is held securely in place by a cap, IJ,

which is circular in form, and which fastens over the ring on the

screen holder, C, in such a manner that it is impossible for light

to enter the instrument from that portion. The construction of

these parts is such, however, that the cap, D, can be very easily

removed and the screen taken out and another substituted in its

place.

A device which is used by the X-ray Detector for purposes

which will be presently explained is shown in fig. 10. Its position

in the apparatus can be seen in figs. 8 and 9. In these figures

j5" is a disk of brass 7.5 cms. in diameter and .15 cms. in thick-

ness, fitted on a small shaft .5 cms. in diameter, that passes

through the casing of the instrument from one side to the other,

6 centimeters back of the screen holder C, but below a line join-

ing the aperture in C and the eye-protector B (Fig. 8) ; so that

a view of the screen from the eye end is not crossed by the

shaft. On this shaft, but inside the instrument, is fastened a metal

shield, as shown by L, in fig. 10, which measures approximately

6.0 X 6.0 centimeters, and extends radially outward from the

shaft.

Diametrically opposite to the shield L, two metal posts sup-

port a cross-bar y, fig. 10, 6.0 cms. long, and 1.6 cms. in thick-

ness, parallel to the shaft, and such a distance from it that when

the shaft is turned to one position, this bar will cross the center

of the field of the fluorescent screen.

The entire device can be made to revolve by turning a milled

-

head E' , fig. 10, attached to the brass disk E, and is so con-

structed, that if the shaft be turned to certain positions by

means of this milled-head, the view of the screen, as seen from

the eye-protector, may be partly or entirely shut off by the

metal shield L, fig. 10, or it may be bisected by the cross-bar

/, fig. 10. Thus the view of the fluorescent screen may be

changed, in the different positions of the shaft, from a full to a

half-moon effect, to perfect occupation, and to the field of a cir-

cular screen crossed by a bar.
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The exact setting of the shield and cross-bar can be deter-

mined in the following manner : Outside of the box on the

brass disk. E, and near its edge several short rods, 6 cms. long,

are placed. These are pointed at the ends and project outward

from the face of the disk. They are indicated by F, figs. 8

and 10. One rod indicates the position of the cross-bar inside,

Fig. io. Revolving device used in the " X-Ray Detector."

and two rods the position of brass shield. Just beyond the

edge of the disk E, figs. 8 and 9, and projecting from the cas-

ing of the instrument is a rod similar to those on the disk.

The pointed rods on the disk E are so arranged, that if one of

them coincides with the stationary rod on the casing of the

apparatus, it shows that the cross-bar inside is bisecting the
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field of the fluorescent screen. If the two on the disk are in

coincidence with the stationary rod, it indicates that the \'iew of

the screen inside has been completely shut off. There is also a

rod one centimeter long on the disk in that position which cor-

responds to the half-moon effect referred to in the last para-

graph.

The device for changing the view of the screen of the instru-

ment is for the purpose of giving the experimenter a means of

determining whether the screen, which is supposed to be under

the influence of X-rays, is really fluorescing or not. For,

although the screen may appear to be luminous, the effect of

vision may be only an optical delusion.

The contrivance showai in fig. lo is used to test observations

as follows : If there seems to be a fluorescence of the screen,

the experimenter can attempt to set the cross-bar, J, fig. lo,

over the center of the luminous field.

Then, afterwards, the real position of the bar can be deter-

mined with absolute certainty by means of the indicating disk

on the outside of the instrument. If the luminous effect was

caused by light coming from the screen, and the setting of the

cross-bar made correctly, a coincidence must be found between

a certain one of the rods on the disk and the stationary rod on

the casing of the instrument, as previously explained. The
relative position of these rods is determined by the sense of

touch with the forefinger of the right hand. When the right

coincidence is found to exist, the conclusion must be that the

screen is fluorescing.

Thus we have a checking device on the observations of the

fluorescence, which is perfectly free from any personal equation.

As it is often desirable to work with Rontgen rays completely

in the dark, Professor Rood suggested the use of the small

pointed rods on the brass indicating disk instead of marks, in

order that the investigator might remain in darkness during

experiments and determine the position of the revolving check-

ing device (shown in figure lo) by the sense of touch.

The means of eliminating the personal equations just de-

scribed, is important, because a conscientious observer may be
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led by the imagination to believe that a fluoroscopic screen is

fluorescing when it is really not. There are certain phenomena

pertaining to human sight and recognized in physiological

optics, giving the effect of a vision of dim grayish lights which

occur when the eyes are closed or in the dark. Such effects,

together with after-images, might often be a cause of deception

when an instrument is used which is unprovided with a means

for verifying observations of faint luminosity.

These phenomena are sometimes so vivid that they may
readily cause a person to believe that a pale light is coming to

the eyes from without, when the effect is really subjective and

in the eyes of the individual who is experimenting.

The name *' X-ray Detector " was considered suitable for the

instrument and was adopted, because the apparatus was designed

particularly for the study of the fluorescence which is caused

by Rontgen rays, and for the reason that it is possible to de-

termine with it whether a screen of fluorescent material, which is

supposed to be under the influence of the X-rays, is actually

giving forth a perceptible amount of light, or whether the effect

which is apparently observed is due only to an optical delusion.

For most experiments of a scientific nature, a decided con-

trast between a luminous screen and the dark boundary sur-

rounding it is always desirable. A good contrast is obtained by

the employment of a comparatively small screen, such as is used

in " X-ray Detector." This is the case for two reasons : In the

first place, that portion of a Crookes tube which is the main

source of Rontgen rays is generally quite small, seldom being

of greater extent than a few square centimeters.

If, therefore, a large screen is placed close to the source of

these rays, it will exhibit uneven fluorescence, one part showing

intense luminosity while the other portions appear faded out.

Such an effect tends to give little contrast between the fluoresc-

ing screen and the dark border surrounding it. On the other

hand, a small screen is fairly evenly fluoresced, its entire border

has equal definition, and all the contrast which is possible is

obtained.

Secondly : When a flat surface is observed at a short distance
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from the eyes (20—30 centimeters), only a small portion of it is

distinctly seen at one time. Thus it follows, that a small screen

will be more clear than one that is large, because it lies more

nearly within the area of distinct vision, and its border has better

definition than that of the large screen.

C M

/
/

/

CAP OFF CAP ON
Fig. II. Device for holding fluorescent screen in place, showing the cap off and

the cap on. C—Screen holder. H—Black paper screen. O—Fluorescent

crystals. D—Cap. P—Screws for securely fastening the cap.

By the construction of the screen holder of the " X-ray De-

tector," C, fig. 8, so that screens can be easily changed, a means

is obtained by which comparative tests and examinations of dif-

ferent fluorescent substances can be made. One method is as

follows : If it is desired that two fluorescent materials be com-

pared
; screens of these substances are prepared, and then the

farthest distance from an active Crookes tube at which each screen
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appears to be luminous is measured. The ratio of the squares

of the two distances will show the relative fluorescent values of

the substances, at least from an optical standpoint. In this test,

the checking device which is shown in fig. lo is used to deter-

mine the correct distances. The screen holder, screen and

screen cover are drawn in detail in fig. 1 1

.

The " X-ray Detector" is provided with a base, //, fig. 8,

which is an advantage, because it is desirable that experiments

should be conducted under steady conditions. This stand has

been made very firm, and has a device by which motion in three

planes is possible, when observations are required with the '' X-
ray Detector" in different positions with respect to the source of

the Rontgen rays. The instrument is also so constructed that

it can be easily freed from the base and held by a handle {G,

fig. 8) in the hand of the experimenter.

The particular apparatus, described and shown in the accom-

panying illustrations, was made by J. Grunow, instrument

maker, New York, N. Y., from a model constructed by the

writer.
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THE USE OF THE FLUOROSCOPIC SCREEN IN

CONNECTION WITH RONTGEN RAYS.

C. C. Trowbridge.

(Read November 2, 1896.)

In a previous paper b\' the writer entitled " An ' X-ray De-

tector ' for Research Purposes," containing a description of an

instrument designed and constructed for use in the study of

Rontgen rays, a reference was made to those investigators who
had improved the methods of using the fluorescent screen in

connection with the Rontgen rays. Mention was made of Pro-

fessor E. Salvioni, of Perugia University, Italy, and Professor

William F. Magie, of Princeton College, as being two investi-

gators who, working independently, were the first to construct

and describe an instrument which greatly simplified the manner

of using the fluorescent screen in experiments with these rays.

Professor Salvioni gave an account of his apparatus in a paper

which he read before a meeting of the Perugia Medico-Chirug-

ical Society on February 5, 1896. A translation of the same

appeared in Nature, March 5, 1896, page 425 (No. 1375,

Vol. 53). The original manuscript having been published in

the Proceedings of the Academia Medico-chirugica di Perugia 01

February 6, 1896, Vol. VIII, No. 1-2. The instrument was

called a " cryptoscope," and was described in the article as a

cardboard tube 8 centimeters high, having at one end a screen

of black paper, on which had been spread a layer of calcium

sulphide, a substance that is fluorescent under the influence of

X-rays. At the other end, where the eye was placed, a lens

was fixed, which gave an image oi the screen.

The priority of publication in this country of a description of

a piece of apparatus similar to that described above, belongs to

Professor ]\Iagie, who wrote a letter concerning it to TJie Med-

(39)
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ical Neivs under the date of February 5, 1896, which appeared

in the issue of February 15th of that weekly (Vol. LXXIII,
No. 7, page 192). The paper was entitled " A Convenient In-

strument for Visual Use in Diagnosis with the Rontgen Rays."

Another article, " Application of Rontgen Rays, the Appara-

tus and its Use," by the same writer, was published in the

American Jourual of tlic Medical Sciences for March, 1896, Vol.

CXI, page 251. In the second paper Professor Magie referred

to the instrument which he had devised, and called it the

"skiascope," as being a name appropriate to its uses.

Fig. 12. Cryptoscope devised by Professor Salvioni.

The first two illustrations which accompany this article are in-

tended to show the instruments w^iich have just been described.

In fig. 12, the ''cryptoscope," which was devised by Professor

Salvioni, is shown. The letters which represent the parts in the

cut are as follows : A, 3. tube 8 centimeters long, B, a lens used

to obtain an image of the screen, and C, a screen of fluorescent

material.

Fig. 13, shows the ** skiascope" as first devised by Professor

Magie. In the figure, A represents a tube about four centi-

meters in diameter ; and C, the fluorescent screen. At B, the

tube was pressed tight against the face about the eye. T is

meant to indicate a Crookes tube. The third cut, fig. 14, which

shows the Edison fluoroscope, has been drawn for the purpose

of comparison. Although this apparatus is quite familiar to

many, it is described, and its uses are outlined, because it is the

form of '' fluoroscope " which has been most generally used since

the discovery of Rontgen rays.
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The Edison fluoroscope has been used mainly to obtain an
actual vision of the silhouette shadows cast by objects which
the Rontgen rays do not readily penetrate, such as the bones of
the human skeleton and metallic objects. In Figure 14, A rep-
resents a wooden box about 28 centimeters long, shaped as in

A
\

C
\

\ \
\ \

X

Fig. 13. Skiascope devised by Professor W. F. Magie.

the cut, and open at the small end at B, where there is a binoc-
ular eye-protector of patent leather, which is made to fit closely

about the eyes, so as to exclude all light from the sides, but al-

lowing the observer to look into the box. At C, in the large
end of the box A, is a screen of cardboard coated on the in-

side with a fluorescent substance. The screens were at first

made of tungstate of calcium, but now barium platino-cyanide
is the material generally used. The apparatus is also provided
with a handle. If it is desired that the shadow of the bones of
the human hand shall be seen, the instrument is used as fol-

lows : The fluoroscope is held to the eyes with the screen end
placed before a Crookes tube emitting strong Rontgen rays.

The screen immediately becomes luminous, because the fluor-

escent substance thereon converts the energy falling on it in

the form of X-rays, into the rays of ordinary light.

The hand is then interposed between the fluoroscope and the
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source of Rontgen rays, and its shadow appears on the screen,

but as the bones absorb the rays to a much greater extent than

the flesh, they are projected as dark shadows, while the shadow

of the flesh is so faint that it can hardly be seen. Thus, the

bones of the hand appear distinctly in outline ; the effect being'

somewhat similar to the silhouettes of ordinary light

Fig. 14. Edison Fluoroscope.

Most of the appliances for obtaining visual effect of Rontgen

rays by the use of the fluorescent screen are based on the dis-

coveries of Professor Rontgen, for it was he who first discovered

that fluorescent substances became luminous under the effects

of the X-rays. He studied both this phenomenon and the

effect of the rays upon the photographic negative in his famous

research, and obtained shadows of the bones of the hand by

the use of the fluorescent screen, as well as the more perma-

nent shadow-pictures by the photographic process.

The fluorescent effect of certain materials when subjected to

the influence of Rontgen rays was, however, partly anticipated

by certain observations of Dr. Lenard, of Bonn. This investi-
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gator found that, if a small aluminum window was fitted into

the end of a Crookes tube opposite to the kathode, and if the

tube was excited in the usual manner by means of an induction

coil, certain materials would show fluorescence when they were

placed within a distance of six centimeters from the aluminum

window. Although this effect may not have been due to

Rontgen rays—which had not then been discovered—yet the

experiment showed that certain phenomena relating to Crookes

tubes could be advantageously studied by the use of screens of

fluorescent material.

The '* X-rays" which were discovered by Professor Rontgen,

and which were emitted from an ordinary Crookes tube, were

observed to effect fluorescent substances as far distant as two

meters. The room in which Professor Rontgen conducted the

experiments was darkened, and the Crookes tube which was

used was covered with black paper. Then, when the fluores-

cent substances were brought near to the tube and in the path

of the X-rays, the fluorescence mentioned above was observed.

It will be seen, therefore, that the appliances which are used now
to observe X-ray shadowgraphs and fluorescence are simply

improvements of the methods used by Professor Rontgen.

Department of Physics,

Columbia University.





1

[Annals N. Y. A. S., XL, No. 4, pp. 45 to 54, March 30, 1898.]

.v/

ON HYPERTROPHIED SCALE-LEAVES IN PINUS
PONDEROSA.

Francis E. Lloyd.

(Read Januaiy lo, 1898.)

[Plate L]

Early in 1896 the writer was engaged in the study of pollen

development and, in order to supply himself with materials,

broke off a number of young staminate shoots from a specimen

of Pinus ponderosa, the Bull Pine or Yellow Pine of the West.

An examination of the same tree in the autumn discovered that

the pruning of these large, rapidly growing shoots had resulted

in the growth of one to three lateral shoots, a little distance be-

low the break. These lateral shoots which were developed from

the axils of scales on the upper portion of the shoot of the pre-

vious year were sterile, but differed in a remarkable degree from

the normal foliage shoots. In the latter the leaves are borne in

groups of threes (fascicles) upon very short branches which

spring from the axils of small triangular scales which are to be

regarded as reduced leaves. In the shoots induced by pruning,

however, these scales have been greatly developed, so much so,

indeed, as to have become leaves, both in structure and function,

while the fascicles, so called, were in most cases not developed

at all. When they were developed, however, there was pro-

duced the phenomenon of a twig with foliage leaves of two dis-

tinct kinds. The same operation was carried on in the spring

of the following year (1897) which resulted , similarly. In one

case, however, a staminate shoot was produced.

It has been commonly observed, and was pointed out by

Masters^ in 1880, that upon the Juniper, especially upon young

1 Nature, XXIII : 267. 1880.

(45)
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specimens, there are found two kinds of leaves. Masters called

these two kinds the juvenile and adult forms, anc suggested that

the former, which are much the longer and shaiply pointed,

represent an ancestral condition. In this way, also, he com-

pared Rctinospora to an immature stage of Thuya inasmuch as

plants of the former genus suddenly assume the foliage charac-

teristics of the latter. It will be seen, however, that these two

cases, Piniis and Juniperus are not quite parallel, for the ordi-

nary foliage or secondary leaves of the former are produced

upon the reduced twigs in groups or fascicles, in which the

number of leaves is practically constant for a particular species,

while this arrangement is not found in the junipers. The struc-

tures in P'uuis which should be compared directly with the leaves

of Juniperus are the primary leaves, and later the scales which

subtend the fascicles. Dimorphism in the leaves of the seedlings

of Piuus is a constant feature. The cotyledons are followed

immediately by the primary leaves, so called by Engelmann, ^

and it is only later that the fascicles are produced. The same

writer also drew attention to the fact that these primary leaves,

or similar ones, are also found upon sprouts of certain species

[P. inops, rigida, Canaricnsis^ etc.), and are frequently upon

young shoots of Larix. The structure of the cotyledons, pri-

mary and secondary leaves were studied comparatively by Da-

guillon - in 1890. He included in his studies five genera, Abies,

Picea, Pinus, Larix, and Ccdrus, and showed that the ontoge-

netic series of leaves from the cotyledons to the adult, present

a series of gradations, gradual in Abies, but more pronounced

in Pinus. Of the species of Pimis, Daguillon studied four

(/^. strobus, pinea, niaritinia and sylvestris).

The primordial leaves which are produced in the seedling on

the stem above the cotyledons are in all cases elliptic in trans-

verse section, and have two resin ducts in contact with, or \'ery

near the lower epidermis. In P. niaritinia, they are very near

the lateral angles. The supporting tissues are less strongly de-

veloped and the vascular bundle is single. In one species only

^Engelmann, "Revision of the genus Finns,'''' Trans. St. L. Acad. IV, i88o.

2 " Recherches sur les fuilles des Coniferes." Rev. Gen. d. Bot. II : 154. 1890.
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of those studied is the vascular bundle sinorle in the adult leaf,

P. strobiis, while in the others, the bundles, which are two, are

widely separated.

It appears that the structures of the primary leaves produced

upon shoots, already mentioned, has not been studied, but it

has been assumed to be the same as that of the true primary

(primordial of Daguillon) leaves of the seedling.

There can be no doubt that the bud scales, and the scales

which subtend the fascicles of Piiius are reduced leaves. In

view of this fact it is of peculiar interest that we are able to

cause their return to the foliage condition, in that we have

clearly a case of atavism. Furthermore, the structure of an

hypertrophied scale-leaf, if we are right in regarding this as a

case of atavism, ought to furnish some clue as to the phylo-

geny of the genus. It is assumed in such an argument that

leaf characters are to be depended upon as a guide, and of this,

I believe, there can be little doubt, for it has been abundantly

shown that these characters are quite constant. This is espe-

cially true, I believe, as regards the position of the resin ducts

concerning which Engelmann wrote that it is ''so constant and

seems to be so intimately connected with the essential character

of the plant, that I venture to adopt it as one of the principal

characters for the subdivision of the genus." Let us turn to

the consideration of the facts and see whether we may gather

any conclusions from them.

The staminate shoots have normally small, scarious scales,

in the axils of which in the upper part of the shoot, are pro-

duced the staminate cones. If these shoots are cut off, one,

two or perhaps three axillary buds on the upper end of last

year's shoot will develop. So far I have been able to get no more

than three buds to develop. These buds, when developed into

shoots, have leaves which are narrowly triangular in outline,

broader at the base, and tapering gradually from the base to the

apex, and are of various lengths. The longest leaf observed

measures 6 cm. From the axils of some of these leaves were

developed normal fascicles. The transverse section shows them

to be flattened above and ridged along the middle line below.
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The margins are finely serrate, as is also a low ridge which runs

along the middle line on the upper surface. The surface is

markedly glaucous, and stomata are found on the upper surface

arranged in ten longitudinal rows and on the lower surface in four

rows, one row on each side of the two resin ducts.

A transverse section shows that the epidermal layer, one cell

in thickness, is underlaid by a layer of hypoderm, consisting of

strengthening cells, which, as a rule, does not exceed one cell

in thickness except at the angle of the lower side where an in-

complete second layer is found. The resin ducts are two and

are in contact with the lower epidermis.

The parenchyma is of cells of the infolded kind which is

characteristic of the group.

A fibro-vasal sheath is rather weakly developed enclosing two

bundles, which are slightly separated, consist of the usual ele-

ments and are surrounded by pitted vessels. The vascular

bundles are weaker than in the normal leaves, and are closer

together. The stomata are in nine to twelve rows on the upper,

and in four rows on the lower surface, and the latter are so dis-

posed as to be one on either side of the two resin ducts.

The normal leaves are about 20 cm. long, and, springing as

they do in threes from the fascicles, are in transv^erse section the

shape of a sector of 120°. Such long, slender " needles" re-

quire and possess much stiffening tissue which occurs as hypo-

derm of several cells in thickness. The resin ducts, two in

number, are here found deep in the parenchyma, opposite the

lateral angles. The endodermic sheath is relatively larger and

contains two strongly developed vascular bundles which are

more widely separated than in the hypertrophied scales.

Without and surrounding the bundles is a mass of tissues com-

posed of pitted vessels. The stomata occur in twelve rows on

the upper and in thirteen to fifteen rows on the lower surface.

It will be seen then that the abnormal leaves in question

differ in the arrangement of tissues quite markedly from the

normal. They approach, in fact, very closely to the early or

primordial leaves in the species of Pinus described by Daguillon.

These latter, however, are in their plan of structure very simi-
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lar to the type of leaf seen in Pseiidotsiiga, and in many species

of Abies, and to this extent we would seem to be warranted in

saying that the Pines have been derived from a generalized

form having a leaf and other characters midway between the

firs and spruces. The nearest living representative of such a

form is Pscudotsiiga. As regards the strobile, while pendant

and spruce-like in certain characters, especially when young, in

its large scales it is fir-like. As regards the leaves, it is decidedly

fir-like. As to general habit, it is spruce-like.

There is another value to be attached to this comparison be-

tween abnormal leaf and true primary leaf Their close corre-

spondence in structure supports Celakovsky's view that abnor-

malities in the Conifers are of very great value as a basis for

morphological study.

It has been said earlier in this paper that we have in these

abnormal leaves a retrogression to ancestral types. If this be

so we should look for a condition in the more immediate an-

cestral forms of the pines in which the primary leaves are nor-

mal, and later, intermediate forms should show a gradual sub-

stitution of fasciculated leaves for scattered ones.

Now there have been found in the Jura of eastern Siberia

certain forms which were described by Heer^ under the generic

name of Leptostrobiis. The description was originally based

upon the cones only. Further material was afterwards obtained

which showed the leaves to be pine-like and apparently fascicu-

lated at the ends of the short twigs. The material was, how-

ever, meagre, and nothing further was made out in regard to

the arrangement of the leaves.

Later Fontaine found in the Potomac of the Eastern United

States forms evidently closely allied to Heer's Leptostrobiis.

These he described^ under Leptostrobiis, taking the precaution,

however, of extending the original description by the addition

of the following remark bearing on the position of leaves

"leaves . . . scattered on the larger or principal stems and

grouped in bundles on the ends of short twigs." This was a

1 Flor. Foss. Arctica, VI : 23,

2 U. S. Geol. Survey, Monograf XV.

Annals N. Y. Acad. Sci., XI, April 20, 1898—4.
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very wise procedure, inasmuch as Heer's material, judging

from his plates, does not offer any evidence in regard to the

body of the twigs, but only as regards the ends, and even as to

this the material is meagre. In all probability more extended

search would discover that Heer's Leptostrobtis possessed the

two arrangements of leaves, scattered and fasciculated, since

this is true of Fontaine's forms described under this genus.

It may be further remarked that with Leptostrobtis Fontaine

found other fossils which referred to a new genus, Laricopsis.

These in general are larch-like, but like Leptostrobits, possess

two kinds of leaves—fasciculate and scattered. Fontaine draws

attention to the fact that the young shoots of Larix occasionally

produce the scattered or primarily leaves and compares them

to the permanent scattered leaves in Laricopsis^ the probable an-

cestral form from which the Larch has been derived. It is

reasonably certain, therefore, that in Leptostrobiis and Laricopsis

we have closely allied forms which lived together and were the

forerunners of the Pines on the one hand and the Larches on

the other.

As to the causes which bring about the hypertrophy of the

scale-leaves in Pimis poiiderosa it may be said that the increase

in nutrition plays no small part in the matter. Fujii^ ascribes

certain changes produced in the cones of a Japanese Pinus after

pollarding to over nutrition. Those species of Pinus, already

noted, which produce sprouts, do so from the stump after the

tree has been cut down, and these sprouts have dimorphic

leaves. The same result can be produced in Pinus pondcrosa

by cutting off the staminate shoots to which, normally, a large

amount of food would pass. This food is diverted by pruning.

It is, however, not enough to say this, for there must be some

other factors at work. What they are we are not in a position

now to say.

Summary.

Abnormal leaves are produced upon shoots induced by prun-

ing the staminate shoots of Pinus pondcrosa by the hyper-

^Fujii, K. Bot. Mag., Tokyo, IX, 275-271. 1895.
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trophy of the scales. The latter are thus shown to be reduced

leaves. They are to be compared to similar structures found on

shoots of certain other species of which Piniis rigida is an ex-

ample. These species are those which readily produce sprouts

from the stump. They may further be compared to the scat-

tered leaves occurring occasionally upon Larix,

The structure of these abnormal leaves is not identical with

that of the true primary leaves—those produced on the seed-

ling on the stem immediately above the cotyledons. While not

so primitive as these primary leaves the)' may be compared more

properly to the Pseitdotsiiga type.

The abnormal leaves described are ata\'istic, and the twigs

bearing them may be compared to a permanent condition such

as obtained in the Leptostrobi of the Potomac, a condition which

probably obtained also in those forms from the Jura of eastern

Siberia described by Heer. Leptostrobtts may safely be regarded

as in the ancestral line of the Pines. Laricopsis probably stands

in the same relation to Larix.

Little can be said in regard to the causes beyond that over

nutrition plays no small part in the change. This suggests, at

least, that reduced nutrition may have been one of the more

important causes resulting in the evolution of the fasciculated

condition in Piniis and Larix.

I wish here to acknowledge the kindness of Dr. Arthur

Hollick in indicating to me literature bearing on the fossil

conifers.
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PLATE I.

Explanation of Letters Used.

e—Epidermis. h—Hypoderm.

r—Resin duct. tr—Tracheary tissue.

I—Hypertrophied scales.

2—Secondary leaves.

Fig. I. Transverse section of normal or secondary leaf. (Sche-

matized).

Fig. 2. Transverse section of hypertrophied scale. (Schematized).

Fig. 3. A shoot bearing both abnormal and normal leaves.

Figs. I and 2 are from camera lucida drawings.

(54)
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I. GEOLOGY.

Introduction.

At the meeting of the Academy on October 19, 1896, I gave

an account of the geology of Block Island, prepared from in-

vestigations personally made during the summer of that year,

together with all references to the subject on the part of others

which I had been able to gather.^ To this account I would

respectfully refer, in order to avoid reiteration, for information

regarding the general geologic conditions which prevail and the

opinions which have been expressed in relation to them, La^i

summer I again visited the island, for the special purpose c:

'Geological Notes. Long Island and Block Island. Trans. N. Y. Acad, Sci.,

XVI (Dec. 15, 1896), 9-18.
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collecting, if possible, further material representing the Creta-

ceous (Amboy clay) formation, of which I had obtained indica-

tions at the time of my previous visit.

Three weeks were spent there, during which period the en-

tire coast line and most of the interior was subjected to critical

examination, with the result that several facts not before recorded

were noted, and a considerable amount of interesting material

was collected. During part of the time I was accompanied by

Dr. Lester F. Ward, of the United States Geological Survey.

In order that the general configuration of the island and the

several localities mentioned may be understood, I have included

a map of the island, prepared from that issued by the United

States Geological Survey^ (see plate II).

Pal.^obotany.

One of the most important problems which it was necessary

to solve was whether the Amboy Clay Series was represented

on the island. Theoretically these clays, which had been pre-

viously traced from New Jersey, through Staten Island and

Long Island, to Martha's Vineyard, ought to occur also on

Block Island and previous observations strongly indicated that

such was the fact. Definite evidence, however, was lacking and

it was recognized that if a few well-defined and typical species

of fossil leaves could be found the question would be settled.

Careful and systematic search was therefore made for such evi-

dence, and the result was entirely satisfactory. The material

collected was identical in its character and occurrence with that

from the other islands mentioned, consisting of ferruginous clay

nodules or fragments, containing organic remains, scattered

through the Drift, mostly in close proximity to two of the clay-

exposures, at Clay Head and Black Rock Point.

About twenty-five specimens of fossil leaves and fruit capable

of identification were found, representing fifteen species, all of

them Cretaceous in age, and at least nine of them typical of the

Amboy clay flora.

Following is the list

:

1 Rhode Island, Block Island Sheet, 1889.
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1. Gleichexia gracilis Heer (?).

(PI. HI. Fig. 3.)

GleicJienia gracilis Heer, Fl. Foss. Arct., Vol. iii (Kreidefl.),

p. 52, pi. X, figs, i-ii
; p. 98, pi. xxvi, figs. 13 b, c, d.

Our specimen is almost certainly a Gleichaiia, but the pinnules

are more acute and runcinate than in Heer's figures of G. gra-

cilis. I prefer, however, to refer it provisionally to this species

rather than to found a new one upon such a small fragment.

Locality : Near Black Rock Point, Block Island.

2. Dammara microlepis Heer (?).

(PI. HI. Figs. 9 a, b.)

Dammara microlepis Heer, Fl. Foss. Arct., Vol. vi, Abth. U,

p. 55, pi. xl, fig. 5.

The specimens figured on our plate are undoubtedly referable

to the organisms which have been called Dammara and Euca-

lyptus, from the Cretaceous of America and the Old World.

The ones under consideration are, however, smaller than any

which have been previously figured and might perhaps be re-

ferred to a new species, but, in view of the limited amount of

material and its fragmentary condition, I have thought it best

to refer the specimens provisionally to Heer's species.

Locality : Ball's Point, Clay Head, Block Island.

3. Moriconia cyclotoxon Deb. and Ett.

(PI. III. Fig. 10.)

Moriconia cyclotoxon Deb. and Ett., Urwelt. Acrob. Kreidegeb.

Aachen und Maestricht, p. 59 [239], pi. vii, figs. 23-27.

In regard to this specimen there can be no doubt. It is one

of the most abundant species found in the Amboy clays, at

South Amboy, N. J., and is also known from Staten Island and

the Arctic regions.

Specimens figured by Herr (Fl. Foss. Arct. Vol. vi, Abth

II, pi. xxxiii, figs. 1-9) and by Newberry (Fl. Amboy Clays

Monog. U. S. Geol. Surv., xxvi, pi. x, figs. 1 1-21) are far bet-

ter for comparison than are the original figures of Debey and

Ettinghausen.

Locality : Near Black Rock Point, Block Island.
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4. WiDDRiNGTONiTES Reichii (Ett.) Hcer (?).

(PL III. Fig. 8.)

Widdringtonites Reichii (Ett.) Heer, Fl. Foss. Arct., Vol. vi,

Abth. II, p. 51, pi. xxviii, fig. 5 ;
Vol. vii, p. 13, pi. lii, figs.

4, 5-
.

Frcnelites Reichii Ett. Kreidefl. Niederschoena, p. 246, pi. i, figs.

10 a- 10 c.

This little fragment of a conifer is referred provisionally to

the above species, partly on account of its close similarity and

partly because the species associated with it seem to warrant

such reference. It is one of the commonest species in the Am-
boy clays of New Jersey at several localities, and has also been

found on Staten Island and Martha's Vineyard.

Locality : Near Black Rock Point, Block Island.

5. Thinnfeldia Lesquereuxiana Heer.

(PL III. Figs. 4, 5-)

Thinnfeldia Lesquereuxiana Heer, Fl. Foss, Arct., Vol. vi,

Abth. II, p. 37, pi. xliv, figs. 9, 10; pL xlvi, figs, i-ii,

12 a, b.

This is another well defined and typical Amboy clay species

of wide geographical distribution, which, when found with

Moriconia would, without any further evidence, be sufficient to

determine the horizon in which is occurs.

Found also on Staten Island and Martha's Vineyard.

Locahty : Near Black Rock Point, Block Island.

6. JUGLANS ARCTICA HcCr (?).

(PL III. Fig. 7.)

fuglans arctica Heer, Fl. Foss. Arct., Vol. vi, Abth. II, p. 71,

pi. xlii, figs. lb, 2b.

The fragment figured is apparently the upper part of an

ament similar, if not identical, with those described by Heer un-

der the above name. Inasmuch, however, as he also describes

and figures aments which can hardly be distinguished from

these, under the name of Myrica longa (Fl. Foss. Arct., Vol. vi.
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Abth. II, p. 65, pi. xli, fig. 4b) I have been in doubt under

which species to place our specimen.

Locality : Near Black Rock Point, Block Island,

7. Salix prote^folia lanceolata Lesq.

(PL. IV. Fig. 4.)

Salix protaefolia var. lanceolata Lesq. Fl. Dakota Group, p.

50, pi. Ixiv, figs. 6-8.

A large number of varieties and forms have been classed under

this species. Our specimen is almost identical with Lesquereux*

fig. 8, above quoted.

Locality : Near Black Rock Point, Block Island.

8. Salix prote.efolia flexuosa Lesq.

(PL IV. Fig. 5a.)

Salix protecefolia var. flcxtiosa Lesq. Fl. Dakota Group, p. 50,

pi. Ixiv, figs. 4, 5.

Recognized also from Long Island and Martha's Vineyard.

Locality : Near Black Rock Point, Block Island.

9. Ficus Krausiana Heer.

(PI. III. Fig. I.)

Ficus Krausiana Heer, Fl. Moletein, p. 15, pl. v, figs. 3-6.

In naming our specimen I have been somewhat influenced

by the fact that this species is recognized by Lesquereux in the

Dakota group of the West (Fl. Dakota Group, p. 81, pl. 1.,

fig. 5), although it might equally well be compared with Vele-

novsky's Ficus suspccta (Fl. Boehm, Kreidef, part iv, p. 10

[71], pl. V [xxviii], figs. 6, 9). The two species, indeed,

I am inclined to consider as identical and the comparison of the

two is made especially significant when Velenovsky's figure 9
is examined. It has also been recognized in the Martha's

Vineyard Cretaceous flora.

Locality : Near South East Point, Block Island.
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lo. Magnolia Woodbridgensis Hollick.

(PL III. Fig. 2.)

Magnolia Woodbridgejisis Hollick, in Newb. Fl. Amboy Clays,

p. 74, pi. xxxvi, fig. 1 1
;

pi. Ivii, figs. 5-7.

There can be little doubt of the identity of our specimen

with the above species, especially when compared with figure 7,

above quoted.

Locality : Ball's Point, Clay Head, Block Island.

II. Laurus plutonia Heer.

(PL IV. Figs. 6, 7.)

Laurus plutoiiia Heer, FL Foss. Arct., Vol. vi, Abth. ii, p. 75,

pi. xix, figs, id, 2—4
;
pi. xx, figs. 3a, 4—6

;
pi. xxiv, fig. 6b

;

pi. xxviii, figs. 10, II
;
pi. xlii, fig. 4b.

Under this specific name different authorities have placed a

large number of forms from America and the Old World, and

several which have received different specific names might

equally well be included under it. It is abundantly represented

in New Jersey, and has been found on Staten Island, Long Is-

land and Martha's Vineyard.

Locality : Near Black Rock Point, Block Island.

12. Celastrus arctica Heer.

(PL IV. Fig. 8.)

Calastrus arctica Heer, FL Foss. Arct., Vol. vii, p. 40, pi. Ixi,

figs. 5d, 5e.

For purposes of comparison the figures by Heer, above

quoted, are not as satisfactory as those by Newberry. (Fi.

Amboy Clays, pi. xiii, figs. 8-18).

It is a common species in the clays of South Amboy, N. J.

Locality : Near Black Rock Point, Block Island.

13. Myrtophyllum (Eucalyptus?) Geinitzi Heer (?)

(PL IV. Figs. 1-3.)

MyrtopJiyllum (Eucalyptus?) Geinitzi Heer, FL Moletein, p. 22

pi. xi, figs. 3, 4.
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In referring our specimens to this protean and widely distributed

species I have done so provisionally, as the nervation is sparse

or wanting in those which exhibit the best outline, while the one

in which the characteristic nervation is shown is merely a frag-

ment. Specimens which are entirely satisfactory have, however,

been found in New Jersey and on Staten Island, Long Island

and Martha's Vineyard.

Locality: Fig. i, near South East Point; figs. 2, 3, near

Black Rock Point, Block Island.

14. Eucalyptus? nervosa Newb.

(PI. IV. Fig. 5b.)

Eucalyptus? nervosa Newb. Fl. Amboy Clays, p. 112, pL
xxxii, figs. 3-5, 8.

In the Flora of the Amboy Clays, on the plate above quoted,

Dr. Newberry figures two allied species—the one to which I

have referred our specimen and another which he calls Eitca-

lyptiisf angustifolia. Our specimen lacks the tip by which it

could be definitely identified, but I have little hesitation in re-

ferring it to E. nervosa.

The same species has also been identified from Long Island.

Locality : near Black Rock Point, Block Island.

15. Tricalycites papyraceus Newb.

(PI. III. Fig. 6.)

Tricalycites papyraceus Nevvb. Fl. Amboy Clays, p. 132, pi.

xlvi, figs. 30-38.

Our specimen apparently represents a central lobe of the

organism named as above by Dr. Newberry, from Woodbridge,

N.J.
The same species has also been been found on Staten Island

and Long Island.

Locality : Ball's Point, Clay Head, Block Island.

The evidence afforded by these species is of the highest im-

portance, as it serves to definitely correlate the basal clays of
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Block Island with those of Martha's Vineyard to the east, and

Long Island, Staten Island and New Jersey to the west, and

shows them all to belong to the same Cretaceous horizon.

Inasmuch as a prominent authority has published his opinion

that these clays are probably Jurassic in age, I perhaps can not

do better than to quote the words of Dr. Lester F. Ward, ex-

pressed after an examination of the material now in our posses-

sion from the region

:

''Those who are capable of supposing that such a flora as

this could have flourished in Jurassic time are certainly at lib-

erty to do so, and the geological world will doubtless duly ap-

preciate their couragej1"

Stratigraphy.

While engaged in collecting the material previously described

other matters of geologic interest were also incidentally noted.

The lithologic characteristics of the basal (Cretaceous) clays

always served to distinguish them from the superficial (bowlder)

clays above. The latter are best represented on the south

shore, at Mohegan Bluffs (see plates V. and VI.) and consist of

contorted grayish sandy clay, in which gravel and occasioned

bowlders occur, but no organic remains. The Cretaceous clays

are exposed at Clay Head (see plate VII), Grace Point, and near

Black Rock Point and Old Harbor Point (see plate VIII.). They
are plastic and either black from the presence of lignite or else

pure white, yellow, red or bluish. Beds of white sand accom-

pany them at the two localities first mentioned.

Observations on dip and strike are of but little stratigraphic

importance, on account of the contortion to which the beds

have been subjected by glacial action, and such observations as

were made merely tended to emphasize this fact, the dip in all

cases being toward the north, indicating that the strata had been

pushed southward in a series of overthrust folds by the advanc-

ing ice front. This was found to be uniformly the case with the

basal clays and largely so with the superficial ones, apparently

indicating that the latter as well as the former were laid down
previous to the advent of the ice.

"^Science, IV (Nov. 20, 1896), 760.
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Photographic views of four of the most interesting localities

mentioned were taken from which the accompanying plates

were reproduced

:

Plate V. Contorted bowlder clay, south shore, Mohegan Bluffs, looking west,

about three-quarters of a mile east of Black Rock Point. Variegated (Cretaceous)

plastic clay beneath, in the distance, at extreme left.

Dip of the latter, 60 N. W.; Strike, N. 38 E. and 50 N. W.; N. lo E.

Plate VI. View of a portion of the latter exposure, looking east, showing con-

tortions of the bowlder clay.

Pl.ate VII. White (Cretaceous) plastic clay and sand, overlain with Drift, east

shore, Ball's Point, Clay Head.

Dip, 35 N.; Strike, E. and W.
Plate VII I. Lignitic and white (Cretaceous) plastic clay, overlain with Drift, east

shore, near Mineral Spring, about half a mile north of Old Harbor Point.

Dip, 44 N. E.; Strike, E. 20 S.

II. BOTANY.

Preliminary Remarks.

Although engaged primarily in geological investigations,

many notes on the vegetation of the island were incidentally

gathered and its connection with the geological features noted.

In fact, the study of the flora of any region, particularly that of

a restricted one such as an island, is now recognized as being

often of the highest importance when considered in connection

with the geology, the facts in one often leading to an interpre-

tation of otherwise puzzling problems in the other.

The first essential in such an investigation is to obtain a

broad general idea of the vegetation, and for this purpose as

complete a list of the plants as possible is necessary, with notes

on the relative abundance or scarcity of each species, so that

not only may the extent of the existing flora be seen at a glance,

but any striking lacunae be at once noted.

Mr. W. W. Bailey's '' Notes on the Flora of Block Island"^

was made my basis for determining what had been previously

recorded on the subject, and with his list constantly by me it

was an easy matter, while w^andering over the island, to refer to

it and ascertain whether any species in question had been noted

^Bull. Torrey. Bot. Club, xx. (June, 1893), 227-239.
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by him. If found upon the Hst it was checked off, and if not a

memorandum was made and specimens collected.

Physiographically the flora may be divided into that of hills,

the peat bogs and pond holes, the salt marshes, the sand dunes

and the salt water, the latter being exclusively algal, except for

Zostera. The island is practically treeless and hence also de-

void of such vegetation as is dependent upon forestal conditions.

The bulk of the surface is that of a typical morainal region,

Avith rounded hills and corresponding depressions, many of the

latter being occupied by swamps or ponds, often without any

visible outlet. Running streams are few and insignificant, and

permanent springs occur only in a limited number of localities,

mostly close to tide-water. Great Salt Pond, now connected

with the ocean by means of an artificial channel, but formerly

said to have been fresh water, occupies the center of the island

and almost divides it into two parts, while between the eastern

and western borders of this pond and the ocean are low nar-

row strips of dunes and sand beaches. The remainder of the

coast line is more or less precipitous and is strewn with boul-

ders, washed out from the adjoining land. The soil, except

that of the limited dune and sand beach areas, consists of the

boulder till and gravel. There are no rock outcrops anywhere

exposed, and the geological conditions preclude the probability

of any being within hundreds of feet of the surface. Probably

all the land capable of it is, or has been at some time, either

under cultivation or used for pasturage. Such, in brief, are the

conditions under which the vegetation exists to-day on an iso-

lated island about eleven square miles in area.

Additions to the Flora.

Mr. Bailey enumerates in his list 285 species of Spermato-

phyta and 9 Pteridophyta, to which I was able to make the fol-

lowing additions, collected between July 8th and July 30th.

1. Zostera marina L. Abundant in salt water.

2. Paniciun splicerocarpoll YW. \ «, , . ^.uj u-n^^ .
^

, \ y Abundant on the dry hills.

3. Famciuji puocsccns Yjd.vi\.
J

Probably included by Mr." Bailey under P. dichotovnwi L.
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4. Jiincus aciumnatiis Michx. Abundant in the peat bogs.

Commonly proliferous.

5. Sniilax rottindifolia \^. Rare. Only a few scattered plants,

in widely separated localities on the south end of the island.

6. SisyrincJiiiun Atlantictini Bicknell. Common. Probably

included by Mr. Bailey under ^. anceps Cav.

7. Popiilus balsamifcra cmidicans (Ait.) A. Gray. Sparingly

established in certain swamps. Common in cultivation.

8. Salix cordata Muhl. Common in many swamps and

along roadsides. Occasionally planted.

9. Salix covdata angustata (Pursh) Anders. Abundant in

one swamp near the south side of Great Salt Pond.

10. Salix purpurea L. Abundant and thoroughly natural-

ized along roadsides.

11. Ruincx obtiisifolius L. Sparingly, in a ditch along south

side of Main St.

12. Glaiiciinn Glaitciinn (L) Karst. A few plants, on the

sand hills near Grace Point.

13. Roripa paliistris (L.) Bess. Sparingly, in a ditch along

south side of Main St.

14. Trifoliiun incarnatiun L. One plant, in a field at the

south end of the island. Probably introduced with other clover

and hardly naturalized.

15. Trifoliiun proawibens \^. Not common.

16. Acalypha gracilens A. Gray. Common in dry open

fields. Usually stunted. Probably included by Mr. Bailey

under A. Virginica L.

17. Vicia sativa L. Common.
18. Hiidsonia tomentosa Nutt. Abundant on the sand hills

near Grace point.

19. Onagra Oakesiana (A. Gray) Britton. Not rare near

the shore. Probably included by Mr. Bailey under ^nothera
biennis L.

20. Lysiniachia qnadrifolia L. Common.
21. Trientalis Americana Pursh. Common.
22. Asclepias piilcJira Ehrh. Common.
23. Sericocarpus asteroides (L.) B. S. P. Abundant in a lim-

ited locality at the south end of the island.

Annals N. Y. Acad. Scr., XI, April 20,, 1898—5.
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24. GnapJialhun piirpiireiun L. Not common. Found with

G. iiligijiosujn L. in the vicinity of Clay Head.

With the above additions the Hst now comprises 309 Sper-

matophyta and 9 Pteridophyta, but there is no doubt that it

could be largely increased if collections were made in the spring

and autumn. I was unfortunate in having explored the same

region as did Mr. Bailey, at the same time of year, so that I

was able to accomplish but little more than to pick up a few spe-

cies which he had somehow missed.

Discussion of the Flora.

If the flora be now examined as a whole several significant

facts may be noted. Many curious lacunae will at once attract

attention, as remarked by Mr. Bailey, and not only are species

wanting which one might reasonably expect to find, but so also

are whole genera and even families.

For example, the Liliaceae are not represented, and of the Smi-

laceae only two species (Smilax rotiuidifolia L. and ^. glmica

Walt.) were found in very limited numbers. The Boraginaceae

are wanting and, except for a few scattered trees of Nyssa aqiiatica

L., the Cornaceae would be likewise. The genera Comics, Vac-

ciniuni (excluding the cranberry), Veronica, Mcibomia, Lcspedeza

and Baptisia are entirely absent. Only four species of Carex

were found, one Pycnantlieniuin and one Vibtirmiin, while many
other species are represented by only a few individuals. Among
the species which might be reasonably expected to occur, but

which were not seen, may be noted Solaniini Dulcamara L. and

Verbasc7un Blattaria L., which usually follow in the wake of

civilization ; Hibiscus Mosclietitos L., Vernonia Novcboracensis

(L.) Willd., Iva fnitesccns L., Kneiffia linearis (Michx.) Spach.,

K. piiniila (L.) Spach. and Liniodonun tiiberosiuti L. The ab-

sence of the latter would perhaps not be remarkable except for

the fact that its usual companion, Pogonia opJdoglossoides (L.)

Ker. is quite abundant.

This list of lacunar could be readily extended by a careful

analysis of the flora, but it should also be borne in mind that

more thorough search might and probably would reveal the

existence of species which have thus far escaped notice.
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The flora is morainal in its general character, except in the peat

bogs and on the limited sand-dune and sea-beach areas, and has

its nearest analogue in that of Montauk Point\ In fact, if we
could imagine Montank Point to be despoiled of its few remain-

ing trees and converted into an island it would bear a striking

resemblance, geologically and botanically, to Block Island.

Causes Which Have Determined and Mocified the Flora.

In discussing the causes which have determined the location

of any flora and subsequently modified its characters, two

prominent factors nearly always have to be considered—the

geological and the human. Each of these may have been in-

strumental in both introducing and eliminating certain species,

and the discussion of a flora cannot be considered as complete

unless they are taken into consideration. The influence of man
is usually so obvious as to appeal at once to any observer or

else it is a matter of more or less definite record. The geo-

logical influence however is often so obscure and has its begin-

ning at such a remote period that it usually escapes attention.

In its widest application this includes atmospheric and ocean

currents, soil, climatic changes, changes of level, etc.

From a study of the existing geological and floral conditions,

as I have elsewhere attempted to demonstrate,- the indications

are that at the close of the Ice Age there was a continuous strip

of land, except for certain ri\er outlets, extending from what is

now New Jersey to the southeastern New England coast, with a

large body of fresh water occupying the deepest parts of w^hat is

now the basin of Long Island Sound. This strip consisted of

an elevated portion along the northern border, formed by the

terminal moraine, left behind on the final retreat of the ice, and

a plain region to the south, of varying width, representing what

remained of the old Tertiary coastal plain, which formerly ex-

tended out to what is now the lOO-fathom contour. The flora

which had been driven southward b}^ the invasion of the ice re-

iSee "A trip to Montauk Point." Arthur Rollick, Bull. Torrey Bot. Club,

xviii. (August, 1891), 255, 256.

2 See " Plant Distribution as a Factor in the Interpretation of Geological Phenom-

ena," etc. Trans. N. Y. Acad. Sci., xii (1893), 189-202.
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turned when the ice receded, only such species becoming estab-

Hshed, however, as could exist under the changed conditions.

Fluctuations of level occurred ; the final epoch, extending to the

present time, being one of depression, during which the strip of

land was gradually disintegrated and separated into a series of

islands, some of which exist to-day as Long Island, Block

Island, Martha's Vineyard and Nantucket, while the basin of

Long Island Sound became filled with salt water.

If we consider the geological features of these islands and

compare their floras, we may note that all except Block Island

still have a greater or less area of the plain region remaining

with them, upon which a characteristic flora finds a home.

Block Island has lost all of its plain region and accompanying

flora and is now merely an isolated portion of the terminal

moraine, with small areas of modern sand-beach and dune for-

mations, affording a home only for such species as can exist

under those conditions. We may thus understand one of the

causes which has determined the location and character of the

flora and one of the reasons why it is so limited in the number

of its species.

Further than this, if the submarine contours of the vicinity

are studied it will at once be seen that a deep channel extends

almost entirely around Block Island. This fact is especially

emphasized if the twenty-fathom contour is traced out and con-

tinued around our coast line from Cape Ann to Staten Island,

(See accompanying chart, plate IX.) From such a tracing the

fact is evident that ifwe could imagine the coast to be subjected

to elevation, until the twenty-fathom contour became the coast

line. Block Island would yet remain an island, or perhaps a

peninsula-like projection connected with the eastern end of Long

Island by a narrow isthmus, while Martha's Vineyard and Nan-

tucket would be part of the mainland of New England.

The indications therefore are that Block Island was the first

portion of the strip of land to be isolated and converted into an

island. The flora of the plain region, coming largely from the

south and possibly always having existed close to the ice front,
^

1 It is well known that the floras of many regions where glaciers occur, exist and

flourish, not only up to the ice front, but even upon the debris covering the ice.
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would be the first to adv^ance and occupy the ground, while that

of the moraine, being more of a northern type, could not be-

come established until the conditions due to glaciation north-

ward had become modified so that it could exist there and be-

come distributed and Block Island, on account of its morainal

character, would only be favorable for the flora which was the

last to return. These geological changes then were probably

what determined the general character of the flora in the first

instance, and the next question for us to answer is what subse-

quent causes served to modify it into its present condition.

In the accounts of the earlier explorers and settlers the trees

of the island are frequently mentioned and there is no doubt

that it was extensively wooded at that time, but with what spe-

cies there does not seem to be any record, except \ague reference

to pine, oak, beech, hickory, etc. In many of the peat bogs

may yet be found large stumps, together wdth roots and branches,

providing us with evidence that these early accounts were true.

I saw one stump, about three feet in diameter, which had been

dug out of a swamp at Clay Head, while at Old Harbor Point,

in a sw^amp which had become exposed by the action of the

waves, were found numerous stumps, roots and branches. As
before stated, the island is now^practically treeless, except for the

few wind-lashed and stunted individuals in the vicinity of dwell-

ings or in sheltered swamps and hollows. The extinction of

the arboreal flora w^as undoubtedly due directly to the necessi-

ties of civilization, not only for the purposes of land cultivation

and pasturage, but also for lumber and fire wood. On account

of their isolated position, the population, in its early days, had

to depend almost entirely for subsistence upon what could be

gathered from or cultivated on the island. The disappearance

of the trees is, therefore, readily accounted for by the direct in-

fluence of man, and to this influence was, of course, indirectly

due the extinction of such herbaceous plants as could only

exist under forestal conditions. Subsequent cultivation and pas-

turage destroyed many more, and the complete isolation of the

island rendered the re-establishing of species by natural agencies

a matter of time or fortuitious circumstances.
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A limited number of species have, of course, also been intro-

duced, purposely or accidentally, by human agency and are now
part of the wild flora, and further additions will doubtless be

made in the same way in the future, but as a study of plant dis-

tribution Block Island will always be of interest chiefly on ac-

count of the geological causes which determined the character

of its flora long before the advent of man.

III. MISCELLANEOUS NOTES.

Archeology,

Around the shores of Great Salt Pond and on the sand dunes

which border the western shore of the island evidences of former

occupation by the Indians are numerous. Kitchen middens are

exposed in several street cuttings ; implements are often found

scattered over the surface of the ground in certain localities and

skeletons have been unearthed from time to time.

In many places the kitchen midden accumulations were so

obvious that it was impossible for me to ignore them entirely.

They were found to consist of the customary collection of oyster

and other shells, bones, pottery fragments, fire-cracked stones,

charcoal, finished implements, rejects, flakes, chips, etc. An
attempt was made to calculate the relative abundance of the

several kinds of molluscs represented, with the following result

:

I. Oysters; 2. hard clams ( ^r;//^.j) ; 3. soft clams
;

4. mus-
sels

;
5. pectens ; 6. long clams {Mactrd) ; 7. limpets; 8.

land snails
; 9. occasional conch and razor shells.

The finished implements found were two axes, of a plagioclase

igneous rock and three arrow points, all of quartzite. The
flakes and chips were found to be mostly of white quartz and

quartzite, with chert and jasper sparingly represented.

In the sand dunes are many old fire places, mostly buried by

the sand which has drifted over them. They could generally

be located, however, by the thrifty nature of the turf on the

surface immediately above. Indeed, my atttention was first

called to their presence by noticing the patches of short green
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turf, scattered at intervals through the tall grass of the dunes.

Upon digging down to a depth of from two to ten inches I in-

variably found accumulations of charcoal, cobble stones, shells

and the bones and teeth of animals. A number of the latter

were collected and subsequently submitted to Dr. Bashford

Dean, of Columbia University, for examination, to whom I am
indebted for the following list

:

Sturgeon, numerous plates.

Bluefish, jaws and teeth.

Swordfish, fragments of a skull and premaxillae.

Fish vertebrae, not identified.

Porpoise (?), fragments of ribs.

Seal, fragment of a rib.

Vertebrae and tibia of a bird, possibly a swan.

The indications are that the island would prove a rich field

for investigation by anyone interested in archaeology, as a fair

amount of material may be obtained by mere surface scratch-

ing, and systematic search would doubtless reveal much more.

Aside, however, from the value of the material which might be

collected, an insight would be obtained into the fauna which

formerly inhabited the island and its surrounding waters—in-

formation which would be of great interest to the zoologist.

Note.—After having made the few archaeological observa-

tions above recorded I learned by accident that explorations

were being made by others specially interested in the subject.

This information caused me to abandon any further investiga-

tions in that direction, in order not to anticipate any of the work

under way, the results of which will doubtless be published in

due time through other channels.

Zoology.

As might be expected, the existing fauna is comparatively

sparse and is evidently very meagre compared to what once ex-

isted on the island. In fact, the scarcity of animal life is sure to

at once attract the attention of the observer from the main-

land.

Tree-loving birds are conspicuous by their absence, and I was
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curious to know how the robins, which were more or less

abundant, were in the habit of nesting. Bank swallows, red-

winged blackbirds and meadow larks were the birds most in

evidence, and I found a nest of the latter, with four eggs, on

July 20th. A bird that I identified with reasonable certainty as

the bay-winged sparrow was seen in considerable numbers, evi-

dently breeding freely, as I found two nests, one with three

eggs on July 13th, the other with two on July 25th. Unless

my previous experience is at fault, all these nests represent very

late broods, and this feature seemed to me to be a fact of suffi-

cient interest for record.

An interesting feature of the molluscan fauna is the immense

numbers of Littorina littoria, the '' periwinkle " of the Old World,

which is now by far the most abundant shell-fish on the shores.

In places the rocks were found completely covered by them, to

the exclusion of all native species. So far as I have been able

to ascertain, the first record of the occurrence of this species in

America was in 1857, at Halifax, Nova Scotia. In 1873 it was

reported from Prince Edwards' Island, and in 1875 from Pro-

vincetown. Cape Cod. It was next found at Wood's Holl and

Newport, and on Loyd's Neck, L. I., and on Staten Island in

1888. I do not know of its previous record from Block Island,

and am not informed as to its occurrence south of Staten Island.

As it lives upon rocks, the sandy shores of New Jersey would

probably not be a congenial habitat for it, and might limit its

farther southward migration.

Frogs and spotted turtles are plentiful, and I occasionally

came across a few small striped snakes, but, except for those

mentioned, the faunal elements were not obvious and would

have to be searched for in order to be observed.
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PLATE 11.

Map of Block Island, reproduced, with alterations, from the Rhode

Island, Block Island Sheet, U. S. Geological Survey (1889).
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Fig. I. Ficiis Kraiisiana Heer. Southeast Point 59
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Fig. 2. Magnolia Woaddridgensis HoWick. Ball's Point.

Fig. 3. G/eic/iem'a graa'/is Heer (?) . Black Rock Point.

Figs. 4, 5. Thinnfeldia LesquereuxianaYieer. Black Rock Point

Fig. 6. Tricalycites papyraceus Newb. Ball's Point. .

Fig. 7. Jiiglans arctica ^eex (?). Black Rock Point.

Fig. 8. Widdringtonites Reichii (YAX.') Heer (?). Black Rock
Point 58

Figs. 9a, 9b. Dainmara jfiicrolepis Yieer (?) . Ball's Point. . .57
Fig. 10. MoricoJ2iacyclotoxonDeh.2in6.Ytt. Black Rock Point. 57
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PAGE.

Figs. 1-3. Myrtophylhwi (^Eucalyptus ?^ Gei7iitziYi.^tx Q'). Black

Rock Point

Fig. 4. Salix protecefolia la7iceolata\.^'s,(\. Black Rock Point

Fig. 5a. Salix protecEfolia flexuosa Lesq. Black Rock Point

Fig. 5b. Eucalyptus ? nervosa Newb. Black Rock Point.

Figs. 6, 7. Latcrus plutonia Heer. Black Rock Point.

Fig. 8. Celastrus arctica Heer. Black Rock Point. .
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PLATE V.

General view of Mohegan Bluffs, east of Black Rock Point, Block

Island. View is to the west.
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.

View of portion of Mohegan Bluffs, Block Island, shown in

Plate v., looking eastward.

(82)



<!

Ah

X

u

Q

CO

<





PLATE VII.

(83)
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Exposure of white plastic (Cretaceous) clay and sand at Ball's

Point, Clay Head, Block Island.

(84)



<

X

Q
<
<

-Ail ;. i

'





PLATE VIII.

(85)



PLATE VIII.

Exposure ot lignitic and white plastic (Cretaceous) clay, :Mineral

Spring, north of Old Harbor Point, Block Island.
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PLATE IX.

Chart of the Atlantic Coast, from Cape Ann to Staten Island,

showing the location of the twenty-fathom contour.
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THE USE OF THE DUDLEY '' STREMMATOGRAPH "

IN DETERMINING STRESSES IN RAILS
UNDER MOVING TRAINS.

P. H. Dudley, C.E., Ph.D.

(Read February 7, 1898.)

[Plates X-XIII.]

On former occasions I have presented to the Academy dia-

grams of railwa}- tracks showing the undulations of different

weights of rails under moving loads as taken by my Dynagraph

and Track Indicator car.

Attention was directed to the marked reduction in the undu-

lations in the stiffer and heavier rails put into service in recent

years as a result of the earlier investigations.

I also stated that with rails of a given stiffness, surfaced in

the track to their highest condition, the trackmen can only re-

duce the undulations to definite minimum limits for the wheel

loads
; therefore, all undulations under the moving wheel loads

of locomotives and cars with their increased dynamic effects due

to speed can not be entirely reduced.

To carry the trains, the rails not only deflect under the wheel

loads, but the ties, ballast and road-bed are compressed until

the total resistance equals the load. Action and reaction

must be equal and before the latter is obtained for heavy loads

on light rails rapid destructive \vork is done upon the ties and

ballast, requiring frequent surfacing to keep the track up to its

proper standard. The destructive Avork on the ties and ballast

under stiffer and heavier rails is reduced as well as the neces-

sary labor to keep them in surface.

The weight of the locomotives and cars can only be transmit-

ted to the road-bed through the wheel contacts on the rails,

which produces a general deflection of the rails under the wheel

(89)
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base of the locomotives and cars, the greatest deflection being

directly under the wheels.

To carry and distribute the wheel loads to the ties, ballast

and road-bed, the rail acts as a girder, the metal in the rails

directly under the wheels above the neutral surface is in com-

pression, while that below the neutral surface is in tension.

On and near the supporting ties, shearing stresses are set up

extending through the web of the rails as the w^heels pass over

the rails.

The span of the deflection of the rails under the wheels is

longer as a rule than the tie spacing, and in a short distance on

either side of the wheels the nature of the stresses is reversed,

the head of the rails being in tension and the base being in com-

pression.

The picture on the screen is a representation of the wheel

loads and base of a Boston and Albany lOO-ton locomotive

standing on 9 5 -lb. rails, showing in figures the actual depression

of the rails, ties and road-bed under the static loads. The rails

under moving trains rise slightly in front of the pilot. [See

Plate X., Fig. 2.]

The dotted line directly over the rail indicates its general de-

pression under the wheel loads and base of the locomotive.

The vertical scale is enlarged to render the depressions more

distinct ; the greatest deflections in the rails and road-bed being

directly under the wheel contacts.

The truck wheels carry 20,350 lbs. per. pair ; the drivers

37,500 lbs. per pair; the front tender wheels 18,500 lbs. per

pair, and the rear ones 23,500 lbs. per pair. The depression

and deflection shown for one rail is, therefore, for wheel loads

only one-half of that per pair of wheels. Locomotives with

much greater weights on the drivers are in general use.

The depression under the front truck wheel of the engine was

0.094 of an inch
; between the wheels 0.086 of an inch, and

under the rear truck wheel o. 100 of an inch.

In the wheel space between the engine truck and front drivers

the depression was 0.088 of an inch ; under the front driver

0.138 of an inch
; in the wheel space between drivers 0.096 of
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an inch, and under the rear drivers it was o. 140 of an inch. In

the wheel space between rear driver and front wheel of the

tender truck the depression was 0.086 of an inch ; between

front tender truck wheels o. 100 of an inch, showing abnormal

conditions in the track, and under rear wheel of front tender

truck 0.099.

In the wheel space between the two tender trucks 0.095

inches, and under front wheel of rear tender truck o. 1
1
3 of an

inch and on the wheel space 0.106 inches and for the rear

wheel 0.1 13 inches.^

A measurement of a short gauged length, say 5 inches, of the

base of the rail under the wheels showed extension, while be-

tween the wheels, compression. The measurements were not

made in this manner, as it requires more time than can usually

be obtained in the main line, but with a micrometer in one posi-

tion on the rail each wheel and center of wheel space being

stopped over the micrometer.

Apparent stresses per square inch of the metal for the ex-

treme fibers of the base of the rail ran as follows in one posi-

tion of the rail for the different wheels and centers of the spaces :

Tension Compression
in pounds, in pounds.

Front engine truck wheel, 6780

Center of wheel space, 1530

Rear engine truck wheel, 534°

Center of space between rear engine truck

wheel and driver, Z*^^^

Front driver, 9160

Center of space between drivers, 3050

Rear driver, 9920

Center of space between driver and front

tender wheels, 2290

Front truck front tender wheel, 3820

Center of space between wheels, 760

1 From Report for 1 895, of Tests of Metals and other Materials for Industrial Pur-

poses, made with the U. S. Testing Machine at Watertown Arsenal. Mr. James E.

Howards, Railroad Track Experiments. By redriving the spikes in the ties,

taking up all looseness between the rail and ties, the deflections and stresses were

reduced over one- third in amount.
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Pront truck rear tender wheels, 3^20

Center of space between tender trucks, 1530

Front wheel rear tender truck, 6100

Center of space between wheels, 0000

Rear wheel of rear tender truck, 6870

The shaded ballast under the ties in Plate X., Fig. 2 is an ideal

representation of the distribution of the pressure of the wheel

loads through the rails, ties and ballast to the road-bed, the

darker portions representing the most intense pressures. Under

moving trains the wheel loads are transmitted as a series of

weaves of pressure to the ballast and road-bed.

A series of alternating stresses run through the rails in con-

sonance with the speed of the trains, the waves of greatest in-

tensity being between the ties. Some of the slides will show

that the tremors and vibrations of the rails are very decided

under the wheels passing in quick succession. The duration

of the greatest intensity of the stress of the metal is very short

per lineal inch, being only a fraction of a second for the high

speed trains, less than 1/250 of a second for a speed of 40 miles

per hour ;
while the maximum stress increases with the speed,

the duration of greatest intensity decreases.

A rail in the track, like any other girder, to carry its loads

without taking a permanent set, must not have the metal

stressed beyond its elastic limits and it should be much less for

a proper factor of safety.

The diagrams of the earlier steel rails, which I have previ-

ously shown, indicate that nearly all the rails had taken more

or less permanent set ; therefore, the fiber stresses in the rails at

times had exceeded the elastic limits.

This important fact must be borne in mind, for the stresses

Avhich occurred in the early steel rails, even for the lighter

equipment, were greater than I shall report for the present

80-lb. rails. The stresses in rails may be much greater than

would be permissible in bridge members, for in the latter they

are of several seconds' duration and the material a much lower

grade of steel. High stresses in rails are not of recent origin,

but occurred a few times daily in the early rails. The rails
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would stand some millions of repetitions of stress nearly up to the

elastic limits before fracture would occur. If such stresses are

of a half hour or longer intervals some recovery in the metal

takes place ;
but when fracture does commence, it seems to start

between individual adjacent mineral aggregates, rather than

through them, becomes progressive, and in many cases the

complete rupture of the section may take one or more years of

further service.

The tests of many of the earlier steel rails show that the

elastic Hmits only ranged from 35,000 to 48,000 lbs., the ulti-

mate strength being about twice those amounts respectively.

In the testing machine it takes 30,000 pounds tension to

elongate one square inch of steel per lineal inch i/iooo of an inch

and the same force to compress it, which was nearly all the

early steel rails permitted the extreme fibres in the base of the

rail to be extended or compressed before set would occur.

This margin was too small, and as the traffic increased it was

impossible to maintain the tracks to a high standard even at a

very large cost for labor. These facts lead me to urge the

adoption of stiffer and heavier rails with higher elastic limits

which would reduce the fibre stresses much below the elastic

limits of the steel, increase the factors of safety and not require

so much labor to maintain them to a high standard in the

track.

When I look over the diagrams of the earlier steel rails, it is

difficult to realize that it is only fifteen years since I designed

the pioneer 5 -inch 8o-lb. steel rail for U. S., which was rolled

for and put into service in 1884, by the N. Y. C. & H. R. R.R.

The Pennsylvania Railroad and others soon followed with

5 -inch sections of 80 or 85 lb. ; 80 lbs. becoming very general

on Eastern Trunk Lines, forming a distinct epoch in the devel-

opment of American Railways.

It takes many years to change the section of rails on a long

main line, while the design of new equipment and construction

is but a few months' work and easily keeps in advance of the

permanent way improvements.

The slide on the screen is from a photograph of the " Empire
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State Express" on the third day of its installation in November,

1 891, taken near Syracuse when running at 60 miles per hour

on 6 5 -lb. rails before the ejitire main line had been relaid with

80-lb. The photograph, and another one of the same train,

which will be shown, were taken by Mr. A. P. Yates, Official

Photographer of the N. Y. C. & H. R. R. R. Co. [See Plate

XIL, Fig. I.]

The installation of the '' Empire State Express," the fastest long

distance train ever attempted, aroused a great deal of discussion

among railway men as to the possibility of maintaining it for

any length of time. It was considered by many a doubtful ex-

periment. But few people realized how high the standard of

the track had been raised in the past few years and the decided

advantages of the stiff 80-lb. rails in most of the track for such

high speeds.

It is exceedingly interesting that one picture was obtained

when running on 6 5 -lb. rails as showing the depression of the

rails under the engine, tender and front truck of the first coach.

The picture will become historic. I have studied an enlarge-

ment of the picture nearly equal to that now on the screen and

have traced the general depression of the rails and ties as stated.

The wave of the rising rail preceding the pilot can also be seen.

A train at 60 miles per hour runs '^^ feet per second, which

is longer than the entire wheel base of the engine, tender and

front truck of the first coach, making, in the case of the '* Empire

State Express," eleven wheels to run over a given point in the

rail per second, each wheel causing and reversing stresses of

several thousand pounds, violent tremors and vibrations being

set up in the rails. The permanent set in the 6 5 -lb. rails of the

next track is very apparent. The 6 5 -lb. rails were replaced by
80-lb. rails in 1892.

The majority of the earlier 60 to 6 5 -lb. steel rails had all taken

a set in the tracks, the ties were cut out from j^ to i ^ inches

in depth under the rails, and the undulations per mile ranged

from 8 to 1 2 feet. The sHde on the screen is from a photograph

taken of the " Empire State Express " at 60 miles per hour on

80-lb. rails. I have not been able to trace the depression of the
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rails under the moving train ;
nevertheless it occurred, but to

much less extent than on the 65-lb. rails. [See Plate XIL,

Fig. 2.]

On the diagrams of the heavier rails of recent years, the un-

dulations per mile on the 80-lb. rails have been reduced to less

than three feet, and on the lOO-lb. rails to less than two feet;

as measured by my car, the rails being in good surface
;
the ties

showing but little abrasion under the rails.

In 1883 it was considered by many that a 5 -inch 80-lb. rail

was stiffer and heavier than necessar}-, while others thought it

would provide for the future development of the railways for all

coming time.
,

The rails once in the track furnished a practical demonstration

of the value of stiffness in rails and soon led to an increase of

speed and heavier equipment, increasing the fibre stresses in the

80-lb. rails over that for which they were designed to sustain.

In March, 1892, my 6-inch lOO-lb. rail section was rolled, the

first to go into service in the United States, to again reduce the

fibre stresses in the rails to meet requirements of increasing

traffic. To date there are several thousand miles of lOO-lb. rails

in use in this country.

In the last decade all of the Eastern and many of the Western

trunk lines have been laid with stiff, rails for the purpose of

keeping the fibre stresses in the rails down to safe and economic

limits, though this feature of the matter has received but little

discussion.

In 1888 in connection with Mr. James E. Howard, of the

Watertown U. S. Arsenal, I had one of the Boston and Albany

passenger locomotives weighed and ran it onto rails in the main

track, the upper side of the base of the rail having been pre-

pared with prick punch marks practically 5 inches apart, the

space having been measured with a micrometer to i 10,000 of

an inch. The measurements were repeated after the locomotive

was on the rails to ascertain the compression of the base of the

rail between the wheels and the elongation under the wheels.

From the results the apparent stresses in the rails were com-

puted for the static loads which were probably too low as the
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largest stress was only 13,500 lbs. on a 4^<-inch rail for a load

of 16,000 lbs. on drivers.

Mr. Howard in 1893, 4 and 5 repeated the tests on other rail-

road tracks and heavier rails and found apparently higher stresses.

I repeated the experiments on rails in the tracks, and the results

seeming low I had solid piers erected and with rails 30 feet long

under known stresses I found my results were too low.

With micrometers designed for the work the results for static

loads should be fairly accurate.

The determination of the stresses or rather the compression

and elongation of the metal in the base of the rail under moving

trains is a much more difficult problem, or rather a series of

problems, than it is for static loads, and I am not aware that

any one has attempted their solution before I attacked them

the past year with my Stremmatograph and its accessories.

A mathematical expression for the stresses of rails under

moving trains, its span for the ties and wheel spacing, the deflec-

tion and compression of the ties, ballast and road-bed, has not

been fully determined, though many efforts to do so have been

made.

Such a formula would also have to consider the many condi-

tions of the path not only described by the centre of gravity of

the locomotive, tender and each car of the train, but also those

of the rotating wheels, their mass and speed, the smoothness of

the rails and the more or less sudden application of the loads.

The principle of the Stremmatograph is to record on a mov-

ing metallic strip the molecular compression or elongation of

the metal in a given length of the base of the rail, induced by

the stresses, produced by each wheel of the moving trains under

the many conditions of service.

These records can be measured by filar micrometers under a

microscope and then from the modulus of elasticity of the steel

compute the stresses which produce the given compression or

elongation per square inch of the extreme fibres in the base of

the rail. [See Plate X, Fig. 3.]

The object of the Stremmatograph is to convert rails of any

section and weight, of any system of permanent way construe-
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tion into testing machines in the track and show how much
they are stressed due to the wheel loads and spacing of any-

type of locomotives and cars moving over the rails at the differ-

ent speeds of service.

It is to replace what is now mere conjecture by reliable in-

formation that further progress may be made in the interest of

greater safety and economy. [See Plate XL, Fig. i.]

The picture on the screen shows the first form of the Strem-

matograph attached to the base of the rail between the figures

2 and 3 on the scale bar, and under the front driver of the

freight mogul engine, No. 596, of the New York Central &
Hudson River Railroad. It is on the East-bound, or track No.

i; 5^-inch 80-lb. section; outside rail on a 3-degree curve

and down grade of 10 feet per mile. The location is opposite

the southeast corner of the West Albany Paint Shop. The ties

are yellow pine 7 by 9 inches and 2 5 -inch centres
;
gravel bal-

last ; the tracks being in good condition. A number of tests

of passenger trains were made under the same rail. The ex-

periments made on track No. 2 were directly opposite, the rail

being the inside one of the curve. The section was the 5 -inch

80-lb. model of 1883 ; the rails were rolled in 1890 and all

straightened on narrow supports in the mills ; were heavily

gagged and had a wavy surface.

The rails on track No. i are much smoother, the supports in

the straigthening presses having been made wider apart. On
track No. i two experiments were made with locomotiv^e No.

596, one at a speed of two miles per hour and one at ten miles

per hour. The total weight of the locomotive was 96 tons ; the

engine 60 tons, with 15,500 lbs. on pony truck and 104,500 lbs.

on three pairs of drivers. The tender weighed 72,000 lbs. or

9,000 lbs. per axle. This type of locomotive is the standard

for freight service for the road.

It had been recently through the shops for general repairs,

the tires of the drivers having been turned the same as when new.

The tender wheels were new cast-iron chilled wheels 33
inches in diameter and unground.

At a speed of two miles per hour the locomotive passed over

Annals N. Y. Acad. Sci., XI, April 20, 1898—7.
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the rail to which the Stremmatograph was attached, the steam

having been shut off a few feet before reaching the instrument.

The record of the molecular compression and elongation of

the metal due to the stresses in the base of the rail was very

smooth and distinctly delineated.

For the unground tender wheels slight tremors in the rail

w^ere distinctly indicated, a fact previously noticed under switch-

ing locomotives with the same class of tender wheels running

over very light rails in the yard.

The apparent mean stresses for the extreme fibres of five

inches in length of the base of the rail computed on a basis of

30,000,000 lbs. for the modulus of elasticity of the steel were as

follows.
For a speed of

Two miles Ten miles

per hour

Compression in front of pony truck, 1 4 1 7 lbs

Tension under pony truck, 7086 "

Compression between pony wheel and front

driver, 2129

Tension under front driver, 10629

Compression between front and middle driver 5433

Tension under middle driver, 5905

Compression between middle and rear driver, 4015

Tension under rear driver, 93 7

6

Compression between r^ar driver and first ten-

der wheel, 4015

per hour

1653 lbs.

7558
"

4724

9448

8031

4960

5673

9648 i (

5473

For the speed of ten miles per hour the locomotive was

working under steam and being accelerated as it passed over the

instrument modified the wheel pressures to some extent.

The tremors from the tender wheels were very decided in this

run and were felt for the entire length of the rails. The fibre

stresses in tension are small for the loads upon the drivers even

for an 80-lb. rail, while those in compression are higher than

usual for the same weight of rail. The section is 5^ inches high

and the stiffest 80-lb. rail which has been rolled in this country.

There is also another reason for the nearly balanced stresses.

The two ties between which the Stremmatograph was attached
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to the rail were very firm in the ballast, and to the eye did not

seem to depress as much as those on either side ; therefore, the

compression stresses should be higher than on ties all practically

depressing alike in the ballast.

It will be exceedingly interesting and important to have the

records of stresses under this type of locomotive when drawing

one of the trains of fifty-five 6o,oc*D-lbs. capacity cars, each

carrying i,ooo bushels of grain.

The picture on the screen shows two trains side by side of

fifty cars each, the length of one train not quite reaching from

New York to Chicago, but each is 2,000 feet long, and 2,640

such trains would fill one continuous track between the two

cities.. [See Plate XIII.]

In the trials of a number of switching locomotives in the yard,

on tracks of not very uniform tie spacing, the locomotives having

three pairs of coupled drivers, but without pony truck the front

driver usually shows greatest tension on the 6 5 -lb rails.

Under locomotive No. i, at Grand Central Station, having

125,000 lbs. upon drivers, the instrument between ties of 30-

inch centres, having tie plates, the apparent mean stresses were

as follows ; on 65- and lOO-lb, rails respectively :

65-lb. rail.

Compression in front of driver, 3j07i lbs.

Tension under front driver, 51, 964 '

'

Compression between front and middle driver, 2,124 '

'

Tension under middle driver, 22,445 ''

Compression between middle and rear driver, 2,362 ''

Tension under rear driver, 23,856 ''

The 65-lb. rails are of recent composition, the elastic limits

of the steel being 60,000 lbs., while on the lOO-lb. rails it is

65,000 lbs.

In the above table it is interesting to note the great reduction

and more uniform fibre stressses in the lOO-lb. rails as compared

with those in the 65-lb. rails. The 65-lb. rails require from six

to eight times as much labor to keep them in surface as the

lOO-lb. rails in the Grand Central Yard.

loo-lb. rail.

I, 181 lbs.

8 -031

2 834
6 849
2 834
6 ,142
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The record curves of the stresses of compression and tension

of the metal in the rails between and under the wheels consist of

a series of very much flattened upper branches for the compres-

sion between the wheels with very much sharper lower branches

for the tension. [See Plate X., Fig. i.] A similar record is

obtained by having a particular portion of the rail stressed by a

moving train as shown by the enlarged records of the Strem-

matograph on the screen of two trains. [See Plate X, Fig. 2.]

After the Stremmatograph is attached to the rail a reference

line is ruled on the metallic strip and then the scriber point is

moved a few thousands of an inch, the instrument started and a

line about J^ of an inch long ruled, w^iich in reality becomes

the measure for a median line, and the distance to the reference

line measured by the micrometer. When the train is within a

rail length of the instrument it is again started ;
the metallic

strip moving at right angles to the rail ; the scriber point re-

cording the mean molecular compression and extension of the

base of the rail usually for five inches in length.

The upper lines are the records for the 5 -inch 80-lb. rail on

inside of curve as already described in track No. 2. The rail

has a very wavy surface, the stresses being very largely aug-

mented owing to that feature. The locomotive w^as No, 888,

Class I, of the N. Y. C. & H. R. R. R., drawing five Wagner
Palace Cars, ; speed 40 miles per hour and being rapidly accel-

lerated. The extension of the metal in the base of the rail due

to the the several wheel loads of the locomotive and car can be

traced, those of the locomotive being very distinct, while the

compression of the metal between the wheels can also be seen.

The rail was the inside one of the curve, track No. 2, in loca-

tion already described. The rising of the rail in front of the

pilot is plainly seen, the stresses of:

Compression being Ij4I7 lbs.

Tension under front truck wheel 13,070

Compression between front and rear truck wheel 3)069

Tension under rear truck wheel 12,579

Compression between rear truck wheel and front driver. 5,433
Tension under front driver 3Ij4I5
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Compression between front and rear driver, 2,126 lbs.

Tension under rear driver, 26,454

Compression between rear driver and front tender, 2,362 ''

Tension under front tender wheels, 12,755
''

Compression between front truck wheels, 1,181 "

Tension under rear front tender wheels, 13^463
'*'

Compression between front and rear truck, 2,362 "

Tension under rear front truck wheel, 12,991
"

Compression between front and rear wheels, 1,889 ''

Tension under rear tender wheels, 12.755
"

Compression between rear tender wheel and car truck,.... 709 "

Tension under front car wheel 14,408 '^

Compression between ist and middle wheel, 1,181 ''

Tension under middle car wheel, ,....14,172
'^

Compression between middle and rear wheel, 3^443
''

Tension under rear truck wheel, 13? 2 24
''

Compression in center of space between trucks, 00 '

'

The other wheels of the several trucks of the cars indicate

nearly the same stresses.

The record of the other train on the slide is quite similar to

the one just described. The tremors and vibrations which are

set up by the rapid reversal of the stresses, the slight irregulari-

ties in the surface of the wheels are very decided, as the records

show.

On the wavy surface of the rail on which these records were

taken, the combined static and dynamic effects in producing

stresses are about double at 40 miles per hour of the static

effects from the same wheel loads. This rate is much higher

than has been found upon smooth rails.

The importance of having the rails well finished, as we have

compelled the mills to do for some years, is very fully confirmed.

The necessity of having smooth wheels, perfectly round is very

important, particularly for fast trains.

In a number of records on the same rail, the engines when

using steam to accelerate the train, the front driver has shown

greater stress than the rear driver except in one instance.

The position of the counter-balance in all of these experiments

has been noted by the eye, and up to 35 miles per hour it has
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not made any noticeable difference in the stresses whether it was

up or down on the N. Y. C. & H. R. R. R. locomotives de-

signed for the high-speed trains. This statement must only be

taken as applying to the conditions under which these experi-

ments have been made.

For the fast trains the locomotives will be photographed

as they pass over the Stremmatograph in the track, and as this

must be done nearly on the side it is much more difficult than

taking the locomotive on an angle head on, as in the case of

those shown of the *' Empire State Express."

Stresses in track No. i, 5^-inch 80-pound rail, engine No.

901, with train; speed 20 miles per hour :

Compression in front of pilot, 2,362 lbs.

Tension under front truck wheel, 11,574

Compression between truck wheels, 4,724
Tension under rear truck wheel, 6,849

Compression between truck and front driver, 5, 905

Tension under front driver, 12,046

Compression between front and rear driver, 9,448
Tension under rear driver, 1 4? 1 7 2

Compression between driver and tender wheel, 3,779

The rail in this case is the outside one on the curve and in a

number of records the stress under the front truck wheel of

passenger locomotives have been much higher than in the rear

wheel of the same truck, especially on outside rail on a curve.

In static tests the front truck wheel almost invariably shows

larger proportional stress than the drivers.

Stresses in 100-pound rail under the "Empire State Ex-

press," engine No. 870 and four cars, leaving Grand Central

Yard, speed 10 miles per hour.

Compression in front of pilot, 1,322 lbs.

Tension under front truck wheel, 5)947

Compression between truck wheels, 15652

Tension under rear truck wheel , 3 ,304

Compression between truck and front driver, 3,i39

Tension front driver, 8,425

Compression between drivers, 2,478
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Tension. rear driver, 6,443 lbs.

Compression between driver and tender tnick, 3^965

Tension front tender wheel, 4>46o

Compression between truck wheels, 1,487

Tension rear tender wheel front truck 4j46o

Compression between trucks 2,979

Tension front wheel rear truck 4jI3o

Compression between wheels, ij^S^

Tension rear wheel rear truck, 3,469

The rail was the outside one on a 3 -degree curve
;
stone bal-

last ;
oak ties with tie plates—24-inch centres.

The marked reduction in the stresses on the 100- lb. rails is

very plainly seen.

Testing the Stremmatograph February 14th, 1898; Grand

Central Yard at 48th Street, on lOO-lb. rail, special brick piers

capped with chilled iron supports 30 feet apart. Temperature

44 degrees Fahr. Fairbanks U. S. Standard weights.

The modulus of elasticity taken at 30,000,000 lbs. which for

the temperature a number of tests have shown for the same rail

to be practically correct.

The Stremmatograph was applied to the base of the rail, and

the deflection measured by a micrometer, securely attached to a

heavy bridge abutment by which the brick piers were purposely

located, and from the centre of the rail 500 lbs. of standard

U. S. weights were suspended and the deflection again meas-

ured. From the observed deflection the moment of inertia of

the rail was recalculated. The section for the test was origin-

ally slightly over-weight. The rail has undergone considerable

oxidation in two years, reducing the moment of inertia as origin-

ally rolled.

For the 500-lb. load the stress in base of the rail computed,

2,747 lbs.

On the Stremmatograph slide, the scriber point was set

and a short line ruled, the scriber point was not moved and a

second line ruled, but merely displaced by the elongation of

the metal, and then the slide slightly moved forward. The

slide was then measured under the filar micrometer with the

utmost precision and the observed stress computed 2,745 lbs.
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Results within a few pounds should be expected between the

computed and observ^ed stresses on the brick piers. Close results

must be obtained to test the mechanical perfection attained in the

construction of the instruments.

The tests mentioned in the paper and many others have all

been made upon locomotives and trains in regular service.

Table No i.

Giving the General Dimensions of the Different Rail Sec-

tions Mentioned in the Tests of the Paper.

Weight of

Section
per Yard.

Height
of Sec-
tion in

Inches.

^\

5

5^

6

Width in

Inches of
Thick-
ness of
Web.
Inches.

^loment
of

Inertia.

Inches.*

Neutral
Axis
Above
Base.
Inches.

Moment
of Resist-

ance.
Inches.3

Moment
of

Inertia

Head. Base.
Axis.

Inches.*

65-lb. Old
Model.

80-lb. Dudley,
1883.

80-lb. Dudley,

1890.

loo-lb. Dud-
ley, 1890.

2|

3. CO

4i

4t6

5

5^

\

1

il

1 9
32

16.60

26.00

28.50

48.50

2.20

2.47

2.50

2-93

7-546

10.526

11.400

16.553

4.90

9.60

Note.—In answer to a number of inquiries since reading my paper, regarding the

stresses in rails under static loads, I have added as an appendix, a portion of Mr.

James E. Howard's description and three tables from his experiments for *' Static

loads," set forth in extensio in the United States Government Report on Tests of

Metals and Other Materials for 1895.

This will be a convenience to many who have not access to the above valuable

paper.

APPENDIX.

Railroad Track Experiments by Mr. James E. Howard.

From Report of the Tests of Metals and other Materials for In-

dustrial Purposes, Made with the U. S. Testing Machine

at Watertown Arsenal, Massachusetts. For 18g^.

These experiments comprise observations on the fibre stresses

developed in rails in the track, the depression of the rails, and

the slope or inclination of the rails caused by the weight of the

different wheels of the locomotive.
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The results show some of the phenomena displayed by rails

in service under static conditions of loading or when a loco-

motive passes slowly over the track.

The tests will in a measure supplement laboratory experi-

ments in this class of material, in addition to the aid which they

may afford to practical questions pertaining to maintenance of

way.

The series were made chiefly on the track of the Pennsylvania

Railroad, where exceptional opportunities existed for examining

road-bed, embracing a wide variety of conditions of weight of

rails and different kinds of ballast, and its behavior under heavy

types of freight and passenger locomotives.

The tests were made during the early part of the month of

November, 1894, on track in the condition it was found in ser-

vice.

The experiments on the Boston & Albany Railroad were

made, with track on frozen gravel ballast, in the month of

February, 1895.

Describing the methods of making the experiments, the fibre

stress tests were made by means of a micrometer mounted on

the upper side of the outer flange of the base of the rail, at a

place midway adjacent ties. The instrument covered a gauged

length of 5 inches.

The micrometer was adjusted in position, and then the several

wheels of the locomotive were successively brought over the

gauged length, or until the same was midway adjacent wheels.

The instrument was read when the locomotive was at each of

these positions. It was found practicable to make the microm-

etre observations without arresting the locomotives in all

cases, taking the readings as the locomotives passed slowly over

the rail.

In this manner the strains developed were measured, and

elongation of the metal showing tensile stress, and a contraction

in the gauged length showing compressive stress.

The measured strains were reduced to stresses per square

inch, assuming the modulus of elasticity of the steel to be 30,-

000,000 lbs. per square inch, and correcting the observed strain
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in order to obtain the maximum fibre stresses, on the further

assumption that the strains were proportional to their distances

from the neutral axis of the rail.

Table No. i.

Railroad Track Experiments—General Dimensions of Rails.

Moment Distance Neutral
Weight Width Width Thickness Moment of resis- Axis to Outside
per Height. of of of of tance. Fibre.
Yard Base. Head. Web. Inertia /

/.
R=~,

n Head n Base «'

Pounds. Inches. Inches. Inches. Inch. Inches. Inches.

60 4i A\ 2| 1 14.222 6.693 2.125 2.125

70 4i M 2tV
1
2 18.055 8.282 2.32 2.18

85 5 5
9

2t6 \l 26.374 10.853 2.57 2.43
100 51 51

ol3
2 re

5
8 38-957 14.812 2.87 2.63

95 53V 51 3
5
8

32.280 13-563 2.65 2.38

Table No. 2.

Weight of Locomotives.

Total,
Pounds.

Engine.

Tender,
Pounds.

Weight per wheel.

Locomotive.
Pilot,

Pounds.
Drivers,
Pounds.

Wheel. Pounds. Tons.

Passenger No. 809,
Class Pk.

Passenger No. 15 15,
Class T.

Freight No. 557,
Class R.

Passenger No. 209,
B. & A. R. R.

197.050

222.500

188.600

199.700

39- 750

50.300

11.000

40.700

87.300

95.200

113.800

75.000

70.000 -

77.000 -

63.800 -1

1

1

I

84.000 -

Pilot.

Driver, first.

Driver, second.

Tender.

Pilot.

Driver, first.

Driver, second.

Tender.

Pilot.

Driver, first.

Driver,, second.

Driver, third.

Driver, fourth.

Tender.
Pilot.

Driver, first.

Driver, second.

Tender.

First truck.

Second truck.

9-937
21.750
21.900

8.750
12.575
24.250

23-350
12.833

5-500
13-250

13-750
15-650
14.250

7-975
10.175

18.750
18.750

9.250
11.750

4.968
10.875

10.950

4.375
6.287
12.125

11.675
6.416

2.750
6.625

6.875
7.825
7-125.

3-987
5.087

9-375

9-375

4.625

5.875.
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Table No. 3.

Maximum Fibre Stresses in Base of Rail.

Tensile Fibre Stress per Compres-
Rail Square Inch sive fibre

Weight
Ballast. -ocoraotive. stress per

per
Yard. Pilot. Drivers. Tender.

square
inch.

Pounds. Pounds. Pounds. Pounds. Pounds.

60 Gravel. Pa5S.,>:©. 809, Class Pk. 6.180 11.670 2.750 1.370

60 (( Frgt., " 557, '
' R. 3-430 7-550 3-430 .690

60 vStone. Pass., " 809, ' ' Pk. 11.860 19-540 9.770 3-490
60 (

<

I">gt., " 557, '
' R. II. 160 16.050 9.770 1.400

70 Cinder. Pass., ' 809, ' ' Pk. 10.730 17.170 10.020 4.290

70 Gravel. (( 1 ( < ( ( ( <( 8.970 18.620 8.280 5-520

70 (( Frgt., ' 557, '
' R. 7-590 13.790 6.210 4.830

70 Stone. Pass., - 809, ' ' Pk. 10.070 14-390 7.910 6.470

70 (( Frgt., ' 557, '
' R. 6.470 II. 510 6.470 2.880

70 Bridge. Pass., - 809, ' ' Pk. 9-450 18.180 10.910 2.180

70 Splice bar. (( ( ( it ( < < ( 13.840 22. 140 9.230 8.300

85 Cinder. Pass., ' 809, ' ' Pk. 7.160 10.030 5.020 3-580

85
<< ( i i

' 1515, '
' T. 5- 730 12.180 7.880 4.300

85
< ( Frgt., ' 557, '

' R. 3-580 10.030 5.020 4.300

85 Gravel. Pass., ' 809, ' ' Pk. 10.750 12.180 6.450 4.300

85 (( (( <
' 1515, '

' T. 9.310 17.120 9.310 5.020

85
ii Frgt., ' 557, '

' R. 7.160 10.030 2.870 7.880

85 Stone. Pass., - 809, ' ' Pk. 7.160 10.750 4.300 4.300

85
(

<

Frgt.

,

" 557,
' ' R. 4.300 10.030 5.020 3-580

100 Stone. Pass., - 809, ' ' Pk. 6.320 9.840 5.620 4.220

100 Stone—tie

removed.
(( (< (( ( ( li. 10.540 18.970 8.430 2.IIO

100 Stone. Frgt., " 557, '
' R. 3-510 8.430 4.220 2.810

95 Frozen grav.

rail No. i.
Pass., " 209, Brai.R.R. 6.870 9.920 6.870 3050

95 Frozen grav.

rail No. 2.

(( U (( ( <( 7.630 11.450 6.870 a 7.630

" a " Taken at different point on the rail.
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EXPLANATIONS OF PLATE X.

Fig. I.—Representation of the continuous curve showing how the

metal of the rail is stressed under the wheel loads of a train.

Fig. 2.—Wheel loads and wheel base of Boston and Albany Passen-

ger Locomotive, No. 209, on 95 -lb. rails ; showing deflection of

rail and depression of the ties, ballast and road-bed under the wheel

loads.

Fig. 3.—Stremmatograph records, enlarged 21^ times. The first

made under fast trains, the tremors and vibrations in the rails be-
>

ing very decided. The records on the bronze plates are more dis-

tinct than in the reproduction. The upper record was from loco-

motive No. 888 and 5 ^^'agner Palace cars ; the lower record was

from locomotive No. 889 and 7 cars.
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PLATE XI.

Fig. I.—Stremmatograph attached to base of rail to obtain record of

the stresses of locomotive No. 596 on Track No. i, 5^-inch 80-

Ib. rails.

Fig. 2.—^Locomotive ''DeWitt Chnton " and train of the Mohawk
and Hudson R. R. Co., 183 1. The first American constructed

locomotive and train. The inception of the New York Central

and Hudson River Railroad. The progress of 60 years was dem-

onstrated by the installation of the ''Empire State Express" in

1 89 1, the '' fastest long distance train in the World."
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Fig. I.

Fig. 2.
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PLATE XII.

Fig. I.
—"Empire State Express" running 60 miles per hour on 65-

lb. rails. Locomotive No. 862, Nov., 1891.

Fig. 2— ''Empire State Express" running 60 miles per hour on 80-

Ib. rails. Locomotive No. 903.
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Fig. I.
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PLATE XIII.

N. Y. C. and H. R. R. R. freight trains, fifty cars each. Karmer,

N. Y. 1893.
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[Annais N. Y. Acad. Scr., XI, No. 7, pp. 117 to 126, May 17, 1898.]

DESCRIPTIONS OF DEVONIAN CRINOIDS AND
BLASTOIDS FROM MILWAUKEE, WISCONSIN.

S'J'UART WeLLER.

(Read February 21, 1898.)

[Plate XIV.]

The Devonian strata at Milwaukee, Wisconsin, consist of two

distinct formations. The lower of these is the hydraulic lime-

stone which is quarried for the manufacture of cement. In

this limestone the fossils generally occur as internal casts and

external impressions, though some of the smaller forms are

sometimes replaced by pyrite. Lying above the limestone is

a bed of soft, blue, easily disintegrated shale, containing some

thin bands of harder limestone. In this shale the fossils are

abundant and often occur perfectly preserved.

The faunas of the two horizons are markedly different, scarcely

a species which occurs in the limestone being present in the

shale. In the limestone fauna there are many species identical

with those in the Hamilton group as typically developed in New
York, wliile in the shale the species are apparently more nearly

allied to species in the lowan Devonian faunas.

The crinoids and blastoids here described are all from the

shale, and while the crinoids are quite different from other

members of the genus to which they belong, they are to be

compared with .species which have been described from Iowa

and Missouri rather than with any of the more eastern species.

With the exception of Pentremitidea fihsa (?) which was col-

lected by Mr. A. W. Slocom, all the specimens were collected

by Mr. E. E. Teller, of Milwaukee, and are now in his collection.

Annals N. Y. Acad. Sci., XT, May 17, 1898—9.
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Melocrinus nodosus Hall.

(PL XIV. Fig. 6.)

1 86 1. Mclocrinites nodosus Hall, Rep. Prog. Geol. Surv. Wis.,

p. 19.

1895. Melocrinus nodosus Whitfield, Mem. Am. Mus. Nat.

Hist, vol. I, p. 48, PI. V, fig. 14.

Calyx pyriform, truncate at the base, sides straight or slightly

convex from the tops of the basals to the arm openings ; cross

-

section, as seen from abov^e, exclusive of the nodes, obscurely

subpentagonal, greatest diameter at the arm bases. The plates

of the dorsal cup ornamented with conspicuous nodes.

Basals four, projecting laterally into more or less prominent

nodes, columnar facet large, often somewhat depressed between

the nodes of the plates. Radials large, heptagonal and hex-

agonal, strongly nodose. First costals hexagonal, smaller

than the radials, strongly nodose ; second costals pentagonal

or heptagonal, smaller than the first and less strongly nodose.

Distichals smaller than the last costals, higher than wide, free

beyond the first pair. First interdistichals hexagonal, as large

as the first costals and bearing similar nodes, followed by two

smaller nodose plates in the second row, one of which often

bears a larger node than the other ; in the third row there are

two or three smaller plates and above these numerous small

plates which lead up to those of the vault. The posterior inter-

radius is not differentiated from the other four.

Ventral disk depressed convex or nearly flat, composed of

small polygonal nodose plates of nearly equal size ; marked by

more or less prominent rounded ambulacral ridges which ex-

tend from the arm bases towards the center ; and surmounted

hy the base of a subcentral proboscis whose height cannot be

determined.

Remarks. This species, although described, but not illus-

trated, by Hall in 1861, is not recognized by Wachsmuth and

Springer in their recent monograph, it being passed over with

the remark that it was described from imperfect casts. ^ The

1 The North American Crinoidea Camerata. By Chas. Wachsmuth and Frank

Springer. Vol. I, p. 294.
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specimens used by Hall in his description are recorded as com-

ing from the drift about Milwaukee and also from Iowa City,

Iowa. It is possible that Hall included in his species all the

nodose forms from Milwaukee, but from a study of a consider-

able number of specimens I am led to recognize two good spe-

cies. Whitfield's illustration of the species is drawn from the

largest of Hall's type specimens, and, except in its larger size,

differs in no essential respects from the one here illustrated.

Although two species and one named variety, of these no-

dose forms are recognized in the present paper, it is possible

that some would prefer to include them all in a single variable

species. All the specimens, however, which have come under

my observation can be placed without hesitation in one of the

two recognized species, M. nodosiis and M. subglobosiis, but it is

more difficult to separate the variety spinosiis from the t}^pical

specimens of M. nodosiis. The distinguishing differences be-

tween the two species will be pointed out in connection with the

description of M. stibglobosus.

With the exception of the associated M. siibglobosus^ Mdo-
crimts nodosiis is quite distinct from any other species of the

genus. It need only be compared with M. calvini ^ from the

Devonian ot Johnson Co., la., and M. gregerr- from the Devo-

nian of Callaway Co., Mo., and from both of these species it

differs in its much more strongly nodose plates.

Melocrinus nodosus var. spinosus n. var.

(PI. XIV. Fig. 2.)

This variety differs from the typical form of the species in its

higher and narrower calyx, and in its more pointed spine -like

nodes.

iWachsmuth and Springer, N. Am. Crim. Cam., Vol. I, p. 300, PI. XXII,
fig. 6.

2 Rowley, Am. GeoL, Vol. XII, Nov. 1893, p. 303, PI. XVI, fig. i.
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Melocrinus subglobosus n. sp.

(PL XIV. Fig. I.)

Calyx sub-globular, sides convex from the tops of the basals

to the arm openings. Cross section, as seen from above exclu-

sive of the nodes, circular, greatest diameter at about the top of

the first costals. The plates of the dorsal cup ornamented with

remarkably large nodes, the radials, first costals and first and

second interbrachials often bearing nodes whose diameter is

nearly equal to the width of the plates. The larger nodes rise

abruptly from the general surface of the plates, with subparallel

sides and with an elevation equal to their diameter.

Basals four, projecting laterally into more or less prominent

nodes, columnar facet large, often somewhat depressed between

the nodes of the plates. Radials large, heptagonal and hexag-

onal, strongly nodose. First costals hexagonal, smaller than

the radials, strongly nodose ; second costals pentagonal or

heptagonal, smaller than the first, bearing a much smaller and

lower node. Distichals smaller than the last costals, the second

pair free and attached to the first by a conspicuous sub-circular

facet with numerous fine radiating ridges. First interbrachials

hexagonal in the four regular interradial areas, as large as the

first costals, and bearing similar nodes, followed by two smaller

plates in the second row, one of which often bears a conspicuous

node similar to those of the lower plates and the other with a

much lower and smaller inconspicuous node similar to those

upon the second costals ;
above the second row the interradial

spaces are filled with numerous smaller plates which lead up to

those of the dome. The posterior interradius with a heptag-

onal nodose anal plate in the first row, similar, except in out-

line, to the first regular interbrachials, followed by three plates

in the second row.

Ventral disk subhemispherical, composed of small, polygonal,

nodose plates of nearly equal size, and surmounted by the base

of a subcentral proboscis whose height cannot be determined.

Remarks. M. stibglobosus is most nearly allied to the asso-

ciated species M. nodosus. It differs from this species : i. In

its subglobose form, with the vault subhemispherical rather than
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depressed convex or nearly flat. 2. In its more strongly nodose

plates, the nodes in this species being nearly as thick at their

bases as the width of the plate of which they are a part, with

the sides of the nodes subparallel or even in some cases diverg-

ing outward, making the node somewhat club-shaped, being

thicker towards its extremity than at its base, while in M. no-

dosiis the sides of the nodes alwa>'s converge outwards. 3. In

the presence of three plates rather than two in the second row

of interbrachials on the posterior side.

Melocrinus milwaukensis n. sp.

(PI. XIV. Fig. 7.)

Calyx pyriform, truncated at the base, sides slightly convex

from the tops of the basals to the arm openings. Cross-section,

as seen from above, obscurely pentagonal. Greatest diameter

at the arm bases. All the plates of the dorsal cup convex or

ornamented with low, broad, central nodes.

Basals four, moderately nodose, not projecting far beyond the

column. Radials large, heptagonal and hexagonal. First cos-

tals hexagonal, smaller than the radials, second costals pentag-

onal or heptagonal, smaller than the first. Distichals much

smaller than the last costals, the second or third pair becoming

free. First interbrachials in the four regular interradial areas,

hexagonal, as large as the first costals, followed b}' two smaller

plates in the second and three still smaller ones in third row,

these being followed b}' small plates which lead up to the inter-

radial plates of the vault. In the posterior interradius the first

or anal plate is similar in size to the first interbrachials of the other

sides, but is heptagonal in form, being followed by three plates

in the second row.

Ventral disk depressed convex or nearly flat, composed of

small polygonal nodose plates of nearly equal size
;
marked by

more or less prominent ambulacral ridges extending from the

arm openings towards the center ; and surmounted by a sub-

central proboscis whose height cannot be determined.

Remarks. This species with its associated variety differs from
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the two preceding species in having, simply, more or less strongly-

convex plates in the dorsal cup, instead of the great nodose plates

of those species. Both the typical form and the variety agree

with M. subglohosiis in the arrangement of the plates in the pos-

terior interradius, but in general form the species more closely

resembles M. iiodosus and its variety spmosiis.

Melocrinus milwaukensis var. rotundus n. var.

(PI. XIV. Fig. 4.)

This variety differs from the typical form in being shorter,

with more convex plates, in the basals being more strongly

nodose, and in the more convex subhemispherical vault.

Pentremitidea filosa Whiteaves (?)

(PL XIV, Fig. 3.)

1889. Pentremitidea filosa Whiteaves, Cont. Can. Pal., Vol.

I, p. 104, PI. 14, Figs. i-ib.

Body small, proportion of width to height as 3 to 5. Maxi-

mum breadth at or near the base of the radial sinus. Lateral

outline subovate, but conical at the base and truncated at the

apex ; cross section at part of maximum width, decagonal, the

sides of the decagon represented by the ambulacral areas, short

and concave, the other sides nearly straight or slightly concave.

Basal plates three, two pentagonal and larger than the third,

which is quadrangular ; about one-fourth as high as the radials.

Basal cup strongly trihedral, about as high as wide, and reach-

ing more than half way to the bases of the radial sinuses.

Radial plates lanceolate in outline, nearly three times as high as

wide ; the bodies or undivided portions spread outward more

rapidly than the basals, and occupy one-fourth of the total length

of the plates. The apices of each of the two adjacent radials are

united to form an acute point which projects a little above the

summit. Radial sinuses deep, the sides elevated and forming

sharp edges, the portion bounding the base of the sinus more
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highly elevated into a conspicuous node-like projection. Deltoid

plates, with the exception of the posterior one, apical, not visible

in a side view. Posterior deltoid small, rhomboidal, not well

preserved in the specimen.

Ambulacra linear, narrow, narrowly rounded at the base and

about one-half as wide at that point as at the summit. Surface

transversely convex, forming a longitudinal depression along

each side, the central portion raised not quite to the general

level of the radials. The food groove in the center of each

ambulacrum deepens and broadens near the summit.

Spiracles five, rather large, the posterior one confluent with

the anal opening. The remaining characters of the summit not

well preserved.

Surface of the radials ornamented with fine concentric lines

which are only visible with a lens.

Remarks. The species here figured and described is with

some hesitation identified with Whiteaves P. filosa. It differs

from that species in its greater proportionate height, the pro-

portions between the width and height in Whiteaves' figure being

3 to 4, while in the Milwaukee species it is 3 to 5 ; in the

higher and more slender basal cup, and in its more con-

spicuous node-like projections of the radials at the basal margin

of the sinus. So far as the Milwaukee specimens have been ob-

served, they are always smaller than Whiteaves' figures.

Pentremitidea milwaukensis n. sp.

(PL XIV. Fig. 5.)

Body of medium size, lateral outline subovate, maximum
breadth a little below the middle 6f the radial sinuses. Cross-

section at the point of maximum width decagonal, the sides ot

the decagon represented by the ambulacral areas, short and con-

cave, the other sides longer, nearly straight or slightly concave.

Basal plates three, two pentagonal and larger than the third,

which is quadrangular, less than one fifth as high as the radials.

Basal cup trihedral, wider than high. Radials lanceolate in out-

line, a little more than twice as high as wide ; the bodies or un-
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divided portions spread outward in a nearly horizontal position,

occupying about one fifth of the total length of the plates. The
apices of each of the two adjacent radials are united to form an

acute point which projects a little above the summit. Radial

sinuses deep, the sides subparallel, elevated so as to form sharp

edges, the portion bounding the base of the sinus more highly

elevated than at other points. Deltoid plates apical, not visible

in a side view, except on the posterior side, where there is a

small rhomboidal plate.

Ambulacra linear, narrowly rounded at the base, and but

little wider at the summit than at the base. Surface transversely

convex, forming a longitudinal depression along each side, the

central portion not raised to the general level of the radials.

The food groove along the median line of each ambulacrum
deepens and widens near the summit.

Spiracles rather large, the posterior one confluent with the

arms.

Surface of the radial plates ornamented with prominent raised

concentric ridges which converge dow^nwards towards the lateral

sutures.

Remarks. This species is in man}' respects similar to the

last, but differs in its larger size and in its proportionally broader

radials and shorter base, giving to the body a fuller appearance.

The rounded base of the radial sinus and ambulacra is broader

and more obtuse in this species than in the last, and the sides of

the ambulacra are more nearly parallel. The concentric orna-

mentation of sharply elevated ridges upon the radials, is much
more conspicuous than in the last species, it being always easily

recognized without the aid of a lens.

In the specimen figured the base is not preserved, the outline

indicated being taken from another specimen.

Tpie University of Chicago,

January 1 8, 1898.
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EXPLANATION OF PLATE XIV.

Melocrinus siibglobosus Xi. sp. p. 119,

Melocrinus nodosus var. spinosus n. var. p. 119.

Pentremitidea filosa Whiteaves (?). p. 122.

Melocrinus milwaukensis \2iX. rotundus n. var. p. 122.

Pe?itref7iitidea 77iilwaiikensis X).. sp. p. 123.

Melocrinus nodosus Hall. p. 118.

Melocrinus inihvaukensis n. sp. p. 121.

Figure 7 of this species represents the basal plates as somewhat

larger than they are in the specimen.
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[Annals N. Y. Acad. Sci., XI, No. 8. pp. 127-149, May 17, 1898.]

THE EPARTERIAL BRONCHIAL SYSTEM OF
THE MAMMALIA.

Geo. S. Huntington.

(Read February 14, 1898.)

[Plates XV-XXVIIL]

INTRODUCTION.

During the past five years I have devoted much time to the

examination of the mammahan lung in reference to the struc-

ture of^the bronchial system and the distribution of the pulmonary

vascular supply. In presenting, as a preliminaiy communica-

tion, some of our more important results to the Section at this

meeting, I may state that the research is by no means completed,

although it comprises the detailed examination of over two hun-

dred lungs from all orders and many families of the mammalia.

Some of the facts established appear to me so conclusive that I

do not hesitate to direct your attention to the same, especially

because they render my interpretation of the mammalian type

of bronchial distribution and pulmonary vascular supply different

from the one presented by Ch. Aeby in his valuable monograph
'* Der Bronchialbaum der Saugethiere und des Menschen." Inas-

much as Professor Aeby's views have been adopted, almost

without exception, by the authors of current anatomical text-

books and incorporated more or less extensively in these vol-

umes, the matter appears to me one of more than common
interest and importance.

The preparations upon which the conclusions stated in this

paper are based were obtained almost invariably by corrosion

of the injected bronchial system and pulmonary artery, the only

methods which I believe can be relied upon to give absolute and

satisfactory results.

I have appended to this paper a nearly complete bibliograph-

ical list of articles on the subject which have appeared since the

publication of Professor Aeby's book in 1880.

( 127
)
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Before proceeding to details, I may briefly recapitulate the

main facts and conclusions which Professor Aeby's work con-

tains on the mammalian lung.

1. Aeby recognizes in each lung a main or '' stem "-bronchus

which can be followed caudad and dorsad throughout the entire

lung, diminishing in size gradually by giving off lateral branches,

capable of being separated into a dorsal and ventral set. Aeby

defines this as the monopodic type of division.

2. The pulmonary artery follows the same general plan of

distribution, the main trunk of each side crossing the bronchus

ventro-dorsad and continuing caudad on the dorsal aspect of

the stem-bronchus, between the ventral and dorsal lateral

branches, which are separated from each other by the vessel.

3. In the human lung and in the lungs of most mammalia

the lateral branches on the left side are all given off from the

stem-bronchus caudad of the point of intersection of the same with

the artery. They constitute, therefore, a group of " Hypar-

terial bronchi." On the right side in man and in most mam-

malia a bronchus is given off from the stem-bronchus cephalad

of its intersection with the pulmonary artery. Aeby distm-

guishes this bronchus, which in man supplies the upper lobe of

the right lung, as the " Eparterial " bronchus.

4. Inasmuch as the upper lobe of the left and the middle

lobe of the right lung is supplied by the first '' ventral hypar-

terial bronchus," Aeby considers them homologous, regarding

the '^eparterial" bronchus and its resulting lobe (upper right)

as an entirely new structure confined to the right lung, and

morphologically not represented on the left side.

5. While this arrangement obtains in man and most mam-

malia, Aeby's researches revealed the fact that certain forms

are aberrant in reference to the bronchial and pulmonary vas-

cular distribution.

Aeby classifies the various types determined by himself as

follows, the list being completed by the forms examined subse-

quently by M. Weber

:
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I. Bronchial Tree with bilateral Eparterial Bronchus.

a. Eparterial Bronchus on both sides bronchial in derivation:

Bradypus, Equus, ElepJias, FJioca.

b. Eparterial Bronchus bronchial in derivation on left side,

tracheal on right : PJwaeua conwumis^ DclpJiinus

delp]lis, Atichenia.

II. Bronchial tree with Eparterial Bronchus only on right side.

a. Eparterial Bronchus bronchial in derivation : Monotrc-

mata, Marsupalia, Edentata (except Bradypiis), Ro-

dentia (except Hystrix), Carnivora, Insectivora, Chi-

roptera, Prosirnice, Primates.

b. Eparterial Bronchus tracheal in derivation : Artiodactyla

(except Camelus and Ai-teheiiia), many Cetaceajis

{Epiodon australe, Hyperoodo7i rostrat74S, BalcEuoptera

rostrata and sibba/dii).

III. Bronchial tree without Eparterial Bronchus. Bilateral hy-

parterial system : Hystrix cristata, Balcena viysticetus

and antipodnm.

IV. Bronchial tree with triple division of Trachea into three

unequal Bronchi : Pontoporia blainvillei. (Isolated

type—not found in any other mammal.)

The above postulates comprise, I believe, the main results of

Aeby's research as far as they concern the subject of the

present communication. They have been, as already stated,

almost universally adopted and have found place, as recognized

anatomical facts, in the majority of current text-books on human
and comparative anatomy.

Among the subsequent contributions to the morphology of

the bronchial tree one deserves special mention, on account of

its importance and because it appears to me that it has not re-

ceived the attention which it deserves. Albert Narath, in 1892,

presented a communication to the " Anatomische Gesellschaft,"

entitled " Vergleichende Anatomic des Bronchialbaumes," pub-

lished in the " Verhandlungen d. Anat. Gesell. VI. Versamm-

lung, 1892." In this paper Narath controverts a number of

Aeby's conclusions very forcibly.
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Narath establishes the following propositions, based on ex-

tensive comparative and human material :

1. The pulmonary artery in the greater part of its course is

i^XdiZ^di laterad of the stem-bronchus, and does not cross the same

in Aeby's sense.

2. The pulmonary artery does not influence the structure of

the bronchial tree.

3. There is no fundamental difference between the *' epar-

terial " and *' hyparterial " bronchi of Aeby.

4. The " eparterial " bronchus is a dorsal (first dorsal)

branch, probably originally a lateral branch of the first ventral

bronchus shifted upwards on the stem-bronchus.

5. The right eparterial bronchus (when alone present as in

man) is represented by an ''apical" bronchus on the left side,

derived as a lateral branch from the first ventral bronchus.

These important conclusions of Narath will be subsequently

again referred to in comparing them with the results obtained

by our investigations.

If we now, carefully and without prejudice, examine a large

number of corrosion preparations of mammalian lungs, in which

the bronchial system and pulmonary artery have been injected,

the following facts w^ill reveal themselves :

1. A unity of ground plan can be discerned in all, modified in

various forms by :

a. Migration of one or more secondary bronchi cephalad

on the main bronchus, or even on the trachea.

b. Corresponding changes in the branching of the pul-

monary artery.

c. The appearance, in many forms, of a right accessory

(cardiac or azygos) bronchus.

2. If asymmetry exists the right lung is in general the one

favored by the greater development and increased calibre and

number of the bronchial branches. This physiological pre-

cedence of the right over the left lung is characterized by the

following facts :
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a. The " eparterial" bronchus, if unilateral, is always on

the right side.

b. The *' cardiac " bronchus is always on the right side.

EXAMINATION OF TYPES.

We may profitably begin our consideration of the mammalian

bronchial tree by examining seriatim a number of selected types,

subsequently comparing the members of the entire series, in

their probable phylogenetic relation to each other, and draw

our general conclusions from such comparison.

For reasons, which will be stated later, and which induce us

to regard the form as the representative of the primitive mam-
malian lung, we begin with the type described by Aeby as

** Bronchial Tree without Eparterial Bronchus," the complete

bilateral hyparterial type.

I. Hystrix cristata—European Porcupine.

Corrosion of bronchial system and pulmonary artery. Co-

lumbia University Museum, No. 413. PL XV.
The caudal end of the trachea enlarges to a capacious pen-

tagonal bulla or lacuna, slightly compressed dorso-ventrally.

The bronchi, hyparterial in their derivation on both sides and

perfectly symmetrical, arise from the tracheal bulla as two main

trunks, cephalic and caudal (PI. XV, A, A, B, B). Each trunk

divides, in a nearly dichotomous manner, into two nearly equal

secondary branches (PI. XV, A', A" , B' , B^'), which in turn

give off, by monopodic division, tertiary branches.

1. Cephalic Trunk (PI. XV, A, A).

a. Apical Branch (/J
')

passes to the anterior portion of

each lung.

b. Lateral Branch (^A") supplies the central (middle) por-

tion of each lung.

2. Caudal Trunk (PI. XV, B, B). Both medial and

lateral secondary branches [B' and B") ramify in the

posterior portion of the lung.
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II. a. Taxidea Americana—American Badger.

First specimen
;
juvenile animal.

Corrosion of bronchial system and pulmonary artery. Co-

lumbia University Museum, No. 1254. PI. XVI.

The tracheal lacuna is large, bullous, rounded, projecting

caudad with a blunt rounded terminal cupola between the

caudal bronchial trunks.

The primary trunks of right and left side, two in number

(PL XVI, A, A, B, B), arise directly from" the expanded tracheal

bud. They are, however, compared with those of Hystrix, no

longer quite symmetrical.

1. Left Lung.

a. Cephalic Trunk (A).

Large, directed cephalo-laterad, distributing by monopodic

division, secondary branches cephalad and caudad.

b. Caudal Trunk {E).

A short wide stem, directed caudo-laterad. It divides, di-

chotomously, into two main secondary branches, a medial and

a lateral {B' , B"), each of which again divides in a nearly di-

chotomous manner, the main secondary and the resulting ter-

tiary branches giving off monopodic lateral twigs. (Mixed

dichotomous and monopodic type of division.)

2. Right Lung.

a. Cephalic Trunk {A).

A short wide stem, directed cephalo-laterad, divides into sec-

ondary branches as follows :

a. A slightly smaller apical branch directed cephalo-laterad

(A').

/9. A somewhat larger lateral branch, directed latero-caudad

(PI. XVI, A"). Each secondary branch gives off mono-

podic tertiary branches.

k Caudal Trunk. (B).

Very short, sessile, directed caudo-laterad. Divides almost

immediately into two secondary branches of nearly equal size {B'

,

B"), the lateral branch {B') being slightly the larger. Each of
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these, as on the left side, gives off two terminal tertiary branches^

which are studded with monopodia lateral twigs.

The two tertiary branches resulting from the division of the

medial secondary bronchus (^B"^ are characterized by obtaining

their arterial supply through a large trunk passing from the

main pulmonary artery ventro-caudad between the cephalic and

caudal trunks (angle between A and E), and inclining mesad

across the secondary lateral branch of the caudal trunk {B'^ to

reach the terminal divisions of the medial branch of the same

trunk (^^'). The topography of this arterial vessel (PL XVI, C)

is entirely characteristic of the usual blood-supply to the infra-

cardiac, or Azygos lobe in other Mammalia (cf. infra).

II b. Taxidea Americana—American Badger.

Second specimen, large full-grown male. Corrosion prepara-

tion of bronchial system and pulmonary artery. Columbia

University Museum, No. 1255. PL XVII.

Presents the same characters as the first specimen as regards

the tracheal bulla, and the derivation of the cephalic and caudal

primary trunks (/^ and B). The tertiary branches are more

fully developed and give off more numerous and larger mono-

podia lateral twigs.

The main interest, compared with the first specimen, centers

around the cephalic trunk (^A) of the left lung. The trunk is

only slightly smaller than the one of the right side. It divides

into a large cephalic or apical branch {A'^ and a very much
smaller lateral branch (A"\ while on the right side the primary

cephalic trunk A divides into two nearly equal secondary

branches (yA' and A"^. We may, therefore, assume that the

large left cephalic bronchus of the younger specimen (PL XVI, A^

corresponds in the main to A' of the older animal, and that one

of the proximal lateral branches develops into branch A" of the

adult.

The asymmetry of the right lung compared with the left is

well marked. The main secondary branches {A' , A") derived

from the right cephalic trunk (A) exhibit a tendency toward

complete separation and individual independence. The arterial

Annals N. Y. Acad. Sci., XI, May 18, 1898— 10.
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supply of the medial secondary branch {B") derived from the

right caudal trunk (^B) presents the same typographical peculiar-

ity found in the younger specimen.

General Consideration of the '' Bilateral Hyparterial

Type," as Shown in the Preceding Preparations.

1. Taxidea aincricana is a new form, presenting the bilateral

hyparterial type, now described in detail for the first time, al-

though I called attention to the peculiarities of the pulmonary

structure of this animal in the " Cartwright Lectures," delivered

in April 1896.

2. Comparison with the remaining mammalian forms leads

me to regard the bilateral hyparterial type as the primitive con-

dition of the mammalian lung, whereas Aeby (i)and Wieder-

sheim (Vergl. Anat. Lehrb., p. 262-266) consider it a complete

reduction form, resulting from the bilateral suppression of the

" eparterial" bronchus. The reasons for the opinion expressed

are as follows :

a. The tracheal lacuna or bulla corresponds to the condition

presented by the tracheal bud during the early stages of pul-

monary development in mammalian embryos.^

b. During the early developmental stages the pulmonary

artery passes caudad on each side of the tracheal stalk to the

point of division. The subsequent descent of the heart turns

the pulmonary trunk ventrad and caudad into the position which

it later occupies in relation to the tracheal bifurcation. Hence

the original position of the tracheal buds is "hyparterial.

The appearance, therefore, both of the bronchial system and

of the pulmonary artery in Hystrix and Taxidea represents a

persistent embryonal type.

3. We may add that this type appears as an exceedingly ex-

ceptional one in the mammalian series. In obedience to an

^Robinson, Arthur, '' OVjservations on the earlier stages in the development of

'the Lungs of Rats and Mice," Jour. Anat. and Phys., Vol. xxiii, Ft. ii, January

1889, p. 224.
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almost universal law, extension of the bronchial system by mi-

gration cephalad of some of the secondary branches brings

about asymmetry of the tree and a changed relation of the

cephalic primary bronchus to the pulmonary artery.

The only forms in which the bilateral hyparterial type is

known to exist are :

Hystrix cristata (Aeby),

Balcena mysticctiis and ajitipodiim (M. Weber),

Taxidea anicricana (Huntington).

Turning now to the conditions presented by the remaining

mammalia, I have selected the following series of typical modi-

fications, and will present them in the order in which the sub-

sequent general phylogenetic comparison will be made.

III. Canis familiaris—Dog, 9 .

Corrosion preparation of bronchial system and pulmonary

artery. Columbia University Museum, No. 1256. PI. XVIII.

The type presented is the one followed by the vast majority

of mammalia, and is defined by Aeby as ''bronchial tree with

eparterial bronchus only on the right side, bronchial in deriva-

tion." There is a well-developed cardiac bronchus (C) supply-

ing the Azygos lobe.

Even a cursory examination of this preparation reveals the

fact that, with the exception of the cardiac bronchus, a strict

equivalence of bronchial elements exists on the right and left

sides, but that their relation to the primary bronchus and the

main trunk of the pulmonary artery differs on the two sides.

a. Left Side.

The first bronchus is a short, thick stem, hyparterial in posi-

tion (A), which divides into an apical and a lateral branch (^',

A"^. Compared with Hystrix and Taxidea, it is not difficult to

recognize in the former the cephalic trunk {A) and in the latter

the two secondary branches {A' and A"^. The caudal portion

of the bronchial tree below the origin of A appears as the
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"stem-bronchus" of Aeby, from which the remaining sec-

ondary branches are derived. Compared with Hystrix and

Taxidea, we recognize the element B, between the origin of the

first hyparterial trunk A, and the origin of the lateral branch

B' , corresponding to the caudal trunk B of Hystrix and Tax-

idea. The lateral branch B' corresponds to the same element

in the bronchial system of Taxidea and Hystrix.

The continuation caudad of the stem-bronchus occupies the

site of the secondary caudal branch B" in Hystrix and Taxidea,

and, like this branch, divides into two nearly equal segments, a

medial and a lateral, each of which gives off monopodic dorso-

medial and ventro-lateral twigs.

The general comparison, therefore, of the left bronchial sys-

tem of Canis with the bilateral hyparterial type of Hystrix and

Taxidea results as follows : •

Hystrix and Taxidea. Canis.

A = A
A^ = A^

A'' .
= A"

B =^ B
B' = B^
B" = B''

Aeby's ** stem-bronchus" appears as the result of the follow-

ing rearrangement and further development :

1. The proximal part, between the bifurcation and the origin

of the cephalic trunk A (" primary left bronchus") results from

the segmentation and division of the tracheal bulla.

2. The second segment of the stem-bronchus is formed bv

the element B (caudal trunk) between the origin of A and the

derivation oi B'

.

3. The third segment is continued caudad as the representa-

tive oi B" (medial secondary caudal branch), while the lateral

branch (B'^ appears as its secondary derivative. Hence we may
regard the typical ** stem-bronchus" as it appears in the ma-

jority of mammalia in the following light :

" Stem-bronchus" = segmented tracheal bulla -\- B -\- B"

,

medial division.

A and its two secondary divisions A' and A'\ B' , as well



EPARTERIAL BRONCHIAL SYSTEM. 137

as the lateral division of B'\ appear as lateral (secondary)

branches derived from the parent-stem. We have the dichot-

omous type of division of the primitive form replaced by the

monopodic origin of lateral branches from a main parent or

stem-bronchus, which condition characterizes the lung of the

higher mammalia.

b. Rig]it Side.

The first fact noticed is the complete separation of the branches

A and A' and the consequent elimination of the primary cephalic

trunk A. A' has migrated slightly dorsad and cephalad, so as

to arise from the stem-bronchus near the bifurcation. A" has

shifted ventrad and slightly caudad on the stem-bronchus. The
interval thus opened between them by the elimination of the

trunk A is utilized by the right pulmonary artery to gain the

dorso-lateral aspect of the stem-bronchus.

In general there can be no question as to the morphological

equivalence, regarding direction, size and lung area supplied, of

the branches A' and A" on right and left sides. The same is

true regarding the corresponding branches of the pulmonary

artery. To be noted is the early derivation of the arterial

trunk accompanying A' on the right side ; also the somewhat

more pronounced independent character oi A' ^ revealed by the.

greater number and size of its lateral secondary and tertiary de-

rivatives, all facts accentuating the physiological importance

which the apical portion of the right lung has assumed.

The caudal segment follows in the main the type presented

by the left side. We recognize the same character and deriva-

tion of the stem-bronchus.

A new element, not represented on the left side, appears as

the cardiac bronchus ((T), derived from the stem-bronchus

(segment B) caudad and mesad to the separate origin of A"

.

Comparison with the bronchial tree of Taxidca shows that the

large artery, accompanying the cardiac bronchus and supplying

the Azygos lobe, corresponds topographically to the arterial

branch which in Taxidca is seen to course ventro-mesad be-

tween A and A' and B to reach the bronchi derived from B'

.

The cardiac bronchus appears as a secondary structure im-
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planted, at somewhat varying levels as we shall see, upon the

stem-bronchus of the right side, its appearance being fore-shad-

owed by the arrangement of the arterial branch ( 6) of the bilat-

eral hyparterial tree of Taxidea.

IV. Dicotyles torquatus—Collared Peccary.

Corrosion of bronchial system and pulmonary artery. Co-

lumbia University Museum, No. 1258. PL XIX.
This preparation exhibits a good type of the further modifica-

tions encountered among the Artiodactyla.

On the left side the entire bronchial distribution is hyparterial,

the cephalic trunk A dividing into an apical (A'^ and a lateral

{A") branch.

On the right side, as in Canis, the trunk A disappears by

complete segmentation of its secondary branches, and the pul-

monary artery crosses dorso-laterad, cephalad of the origin of

A" from the stem-bronchus.

A' has shifted its point of origin, compared with Canis^

further cephalad and appears as a lateral branch derived from

the right side of the trachea.

The distribution of the caudal trunk in symmetrical. The
stem-bronchus appears as an especially distinct structure, gradu-

ally diminishing in calibre in descent. B' appears as its first

lateral branch caudad of the origin of A on the left and A" on

the right side.

The cardiac bronchus and corresponding artery occupy the

same position as in Canis.

V. Myrmecophaga jubata—Great Ant-Eater.

Corrosion preparation of bronchial system and pulmonary

artery. Columbia University Museum, No. 479. PL XX.
A further advance in the migration cephalad of the right

cephalic trunk A is noted in this preparation.
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The entire right trunk, carrying its secondary branches A''

and A'\ has shifted cephalad on the stem-bronchus, becoming
** eparterial," while on the left side the trunk maintains its original

position below the artery.

The secondary branch B' on the left side appears reduced.

The cardiac bronchus is large, arising below the origin of B'

from the medial margin of the stem-bronchus. The cor-

responding artery reaches the ventral surface of the cardiac

bronchus by crossing obliquely meso-caudad over the stem-

bronchus below the origin B'

.

VI. Auchenia glama-pacos—Llama-Alpaca.

Corrosion of bronchial system and pulmonary artery. Co-

lumbia University Museum, No. 585. PL XXI.
The arrangement of the bronchial system on the right side

follows in the main the artiodactyl type as represented by

Dicotylcs, with certain minor exceptions to be presently men-

tioned. The same number and disposition of the main branches

is to be noted.

On the left side further extension cephalad of the apical por-

tion of the lung has led to a division of the cephalic trunk A,

repeating the one found on the right side.

The lateral branch A" occupies the position corresponding

to the same branch on the right side, below the pulmonary

artery. The apical branch A' has migrated cephalad, appearing

as an " eparterial " bronchus arising close to the tracheal bifur-

cation from the left primar>^ bronchus.

The arterial distribution is symmetrical ; the vessels accom-

panying the branch A' are on both sides derived from the be-

ginning of the pulmonary artery, coursing on the ventral aspect

of the corresponding bronchus.

This form, noted already by Aeby, constitutes the type which

he describes as *' bilateral eparterial bronchus, tracheal on right,

bronchial on left side,"

The cardiac bronchus is also shifted cephalad, arising from
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the ventro-mesal aspect of the stem-bronchus, opposite the origin

of A" from the ventro-lateral surface.

The corresponding artery occupies a pecuHar position. In-

stead of winding around the angle between stem-bronchus and

A" caudad of the latter (see preceding types), the artery is de-

rived from the caudal surface of the main pulmonary artery

opposite the point where from the cephalic margin the apical

vessel accompanying A' takes its origin. The artery descends

on the ventral aspect of its bronchus. A similar bronchus is

found on the left side, but the corresponding arterial branches

are short trunks passing to their distribution from the main

pulmonary artery dorsad of the stem-bronchus.

VII. Cebus capucinus—Capuchin Monkey.

Corrosion of bronchial system and pulmonary artery.

Columbia University Museum, No. 488. PL XXII, Ventral

view. PL XXIII, Dorsal view.

This type presents a somewhat peculiar arrangement of the

cephalic trunks on both sides.

On the right side the separation of the two branches A' and

A" is complete, the pulmonary artery occupying the interval

between them. A' has migrated cephalad on the stem-

bronchus, becoming " eparterial," and corresponding to the

usual mammalian type of the right side.

On the left side the migration of the cephalic trunk A is com-

plete compared with the preceding form [AucheJtia). It is

placed cephalad and dorsad of the point of accession of the main

pulmonary artery to the stem-bronchus, and divides into the

two secondary branches A' and A"

.

We have, therefore, to follow Aeby's nomenclature for the

moment, a "bilateral eparterial system." The eparterial

bronchus of the right side, as usual, being furnished by the di-

vorced and migrated apical branch A' , whereas, on the left side

the entire cephalic trunk A, with its secondary branches A' and

A", becomes "eparterial."
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This arrangement is exceptional, as the *' bilateral eparterial

type" is usually symmetrical. It leads, however, directly up

to the condition presented by the two following forms, Cebus

nigcr and PJioca.

The cardiac bronchus is well developed, derived from the

right stem-bronchus between A" and B'

.

The artery passes to the cardiac bronchus from the ventral

aspect of the main pulmonary artery, before the same has

crossed to the lateral aspect of the stem-bronchus, resembling

the arterial arrangement noted in AitcJienia, although a secon-

dary branch (6^'^) is seen, in the dorsal view, winding around

the stem-bronchus in the usual situation of the main artery of

the Azygos lobe (PL XXIII).

VIII. Cebus niger—Capuchin Monkey.

Corrosion preparation of the bronchial system and pulmon-

ary artery. Columbia University Museum, No. 484. PL

XXIV, Dorsal view. PL XXV, Ventral view.

This type appears as the direct result of further development

cephalad of the preceding form.

The cephalic trunks. A, of both sides appear as " eparterial

bronchi," each dividing into the characteristic secondary

branches A' and A" . On the right side the trunk A has shifted

a little further cephalad, nearer to the tracheal bifurcation, than

on the left side.

The main caudal branches and the cardiac bronchus are

arranged as in the preceding form.

IX. Phoca vitulina—Harbor Seal.

Corrosion of bronchial system and pulmonary artery. Colum-

bia University Museum, No. 584. PL XXVI, Ventral view.

This final type presents the complete " bilateral eparterial

system," perfectly symmetrical ; each cephalic trunk {^A^ is

situated on the stem-bronchus close to the tracheal bifurcation,

cephalad of the main pulmonary artery, and divides sym-
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metrically into the secondary branches A' and A" . The cor-

responding arteries are situated ventrad, derived from the pul-

monary artery close to its division into right and left main

trunks.

In conformity with the complete bilateral symmetry of the

tree a cardiac bronchus is not present.

SUMMARY.
If we briefly sum up the main facts just deduced from the

examination of these specimens we find that a complete con-

secutive series can be established, leading from the symmetrical

" bilateral hyparterial type " without cardiac bronchus {Hystrix),

through gradual modifications, to the complete symmetrical

"bilateral eparterial type" without cardiac bronchus {Phocci).

This series, to obtain a comprehensive view of the main fea-

tures, may be schematically represented in PI. XXVII.
Based on this comparison we may incorporate our conclu-

sions in the following propositions :

1. The right and left lung agree, morphologically, in the

type of their bronchial distribution.

2. The asymmetry—when observed—is apparent, not real,

depending usually upon complete separation of the right

cephalic trunk A into its two components A' and A'\ and

migration of A' cephalad, changing its original relation to

bronchial stem and pulmonary artery
;
more rarely the asym-

metry depends upon the complete migration cephalad of the

entire trunk A^ carrying the secondary branches A' and A'^

{]\'Iyrinccopliag a) .

3. Aeby's hypothesis of the morphological equivalence of

the middle right and upper left lobe of the human lung is,

therefore, incorrect.

The proposition should read :

Right side. Left side.

Upper -|- middle lobe = upper lobe.

Lower -|- cardiac lobe = lower lobe.

4. The active principle in changing and modifying the archi-

tecture of the lung is not the pulmonary artery (Aeby), but ;;//-
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gration of the cephalic trunk A, or of its secondary branch A\
usually only on the right side, producing apparent asymmetry.

This migration affords an opportunity for more complete devel-

opment of the resulting terminal bronchial system, and for con-

sequent increase in respiratory area.

5. In the majority of mammals this greater development of

respiratory surface is confined to the right side, resulting in the

formation of the so-called " eparterial bronchus," and also in-

dicated by the development of a special accessory cardiac

bronchus of the right side.

This physiological preponderance of right over left lung is

especially well shown by the arrangement of the right lung in

artiodactyls (^.^., antelope), where the migration of the cephalic

right bronchus has carried the same cephalad, beyond the bi-

furcation, to the trachea, and where the resulting voluminous

upper lobe of the right lung at times extends completely across

the mid-line to cap the apex of the more rudimentaiy left lung.

6. Except, therefore, for purposes of topography we should

abandon the distinction of eparterial and hyparterial bronchi,

at least to the extent of clearly recognizing the fact that in

asymmetrical lungs every right '' eparterial " bronchus finds its

morphological equivalent among the '* hyparterial " bronchi of

the left side.

7. The impropriety of ascribing any morphological signifi-

cance to the number of pulmonary lobes is apparent. The di-

vision into lobes is an entirely secondary character, not depend-

ent upon the type of the bronchial distribution, but probably

connected with unequal mobility in different segments of the

thoracic walls. Lobe-formation is also subject to a considerable

range of variation.

8. For the reasons above detailed the primitive type of the

mammalian lung is the symmetrical " bilateral hyparterial form,"

the symmetrical " bilateral eparterial form" representing the

cnd-stagc in the process of evolution, not the beginning (Aeby,

Wiedersheim).

9. The primitive type of division is practically dichotomous

i^Hystrix^ Taxided).
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We can recognize two main trunks on each side, one cephalic,

the other caudal. The cephalic trunk supplies the anterior and

middle portion of the lung, the main migratory modifications in

the different types taking place within its region of distribution.

The caudal trunk supplies the posterior and larger portion of

the lung.

In the subsequent development of the stem-bronchus and its

monopodic type of branching, characteristic of the majority of

mammalian lungs, the following factors are active :

a. Complete segmentation of the tracheal bulla, producing

the usual bifurcation. This establishes the proximal portion of

the ** stem-bronchus," and gives to the cephalic primary trunk

A the position of a lateral branch derived from the same.

b. The caudal continuation of the stem-bronchus is composed

of the primary caudal trunk B and its medial secondary branch

B" , the lateral branch B' and subsequently developing lateral

accessory branches appearing as the " ventral branches of the

stem-bronchus" (Aeby).

c. The cardiac bronchus usually appears as a special acces-

sory branch derived from the stem-bronchus of the right side

only (exception vide supra, Auchenid).

10. In the majority of forms examined the pulmonary artery

is not dorsal to the stem-bronchus, except in the terminal part.

The position, as Narath has pointed out, is lateral or dorso-

lateral.

11. Hence, the distinction into "dorsal" and "ventral"

branches, separated by the pulmonary artery, should be aban-

doned.

12. It will be seen that our results asrree with the conclusions

reached by Narath in regard to the equivalence of the anterior

or cephalic branches of right and left side in a symmetrical lungs.

We differ from him in our interpretation of the derivation of the

''apical bronchus" which he regards as the dorsal branch of the

first ventral bronchus.

We differ also as regards the above outlined phylogenetic de-

velopment of the "stem-bronchus" and its monopodic system

of branching.
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If we seek for an explanation of the cause which leads to the

migratory changes of the cephalic bronchus, I admit that we

enter the realm of pure hypothesis. At the same time, the very

general development throughout the mammalia of this type,

with the resulting greater respiratory area of the right lung, may,

I think, not improbably be referred to the development of the

mammalian form of the systemic and pulmonary arteries. The

fact which seems to me to be most significant in this respect is

the development of the fourth and fifth embryonic arterial arches

(PL XXVIII).

We know that with the septal division of the arterial trunk

into systemic aorta and pulmonary artery the fifth arches on

each side are assigned to the development of the latter vessel,^

while the remaining arches are partially used in the elaboration

of the adult arterial system.

If we consider the significance of the fcetal pulmonary incula-

tion it will appear at once that the conditions differ on the right

and left sides.

On the left side the greater quantity of the blood thrown from

the right ventricle into the left pulmonary artery passes through

the Botallian duct directly into the aorta, only a small portion

traversing the left pulmonary circulation.

On the right side, however, with the early obliteration of

the dorsal segment of the fifth arch, all the blood entering the

right pulmonary artery is forced to traverse the entire pulmonary

circulation, returning to the left auricle by the pulmonary veins.

I believe that we may properly ascribe to this foetal circulatory

condition a great share in the more marked development of the

right as compared with the left lung.

This view is further supported by the conditions found in

cases of " situs inversus," where the left lung develops the '* epar-

terial " bronchus (Lit. 6, 8, 9).

^ It seems preferable, in general considerations, to disregard the existence of the

sixth arch, demonstrated by Boas and Zimmerman, on account of the extremely

temporary and evanescent character of the interpolated arch.
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CONCLUSION.

I have brought this question to the attention of the Academy
because I think it is high time to correct the erroneous views

founded on Aeby's work. This is the more important, because

his theories have been extensively transcribed and his diagrams

reproduced in such of the anatomical text-books as deal with

the matter at all. I subjoin a list of the anatomical handbooks

most commonly in use with a brief statement of their expres-

sions on the subject.

1. Quain, ''Anatomy," Vol. Ill, Pt. IV, p. 1 76-1 7 9, follows Aeby's

description, giving reproductions or reconstructions of three figures

(195, 196, 197) and a somewhat extensive abstract of the text,

stating that the right eparterial bronchus in man is not represented

on the left side, and that accordingly the lobe which it supplies is

also absent, making the upper left the homologue of the middle right

lobe.

2. Morris, Henry, '' Human Anatomy," Phila., 1893, p. 939-

940, gives a very indifferent diagram of the ventral view of lungs,

heart and pulmonary root, indicating on the right side bronchus,

pulmonary artery, and pulmonary vein in the order named cephalo-

caudad ; on the left side in the same order pulmonary artery, bron-

chus, pulmonary vein.

The text merely repeats this information in a brief statement.

3. Gray, Henry, "Anatomy, Descriptive and Surgical." New
American Edition from the 13th English Edition, Philadelphia, 1897.

P. 1 109 gives a diagram (Fig. 706) of the human bronchial tree

after Aeby and a brief description founded on Aeby's work. P. 1 1 1

7

gives in Fig. 710 a faulty view of the ventral aspect of the pul-

monary roots, follows it (p. 11 18) with the stereotyped description

of the order of relations of the structures at the root of the lungs, and

concludes (p. 11 21) with a xylographic horror purporting to present

the roots of the lungs from behind (Fig. 711).

4. Wiedersheim, Robert, ''Lehrbuch der Vergleichenden Ana-

tomic derWirbelthiere," 2te Auflage, Jena, 1886, p. 262-266, gives

in extenso Aeby's diagrams and conclusions, amplified by the in-

vestigations of M. Weber.

5. Wiedersheim, Robert, ''Elements of the Comparative

Anatomy of the Vertebrates' ' adapted from the 3d German edition,

by W. N. Parker, London, 1897, p. 269.
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Reproduces Aeby's diagram (Fig. 239), gives a brief resume of

Aeby's conclusions and asserts directly that the anterior lobes of the

right and left lung are not homologous, but that the middle right

lobe corresponds to the anterior left, and that a want of symmetry is

thus created between right and left side, the right lung retaining one

more element than the left. This statement is further emphasized

by the lettering on fig. 240^ representing a ventral view of the

human lungs.

6. Joessel, G., ''Lehrbuch, der topographisch-chirurgischen

Anatomic," II, i. Thorax. Bonn, 1890, p. 60. Gives Aeby's dia-

gram and repeats his conclusions quite fully.

7. Merkel, Fr., ''Handbuch der Topographischen Anatomic,"

Bd. II, Lief. 2, p. 398 and 399, gives Aeby's main conclusions, but

also refers to Narath's investigations and gives a schematic figure

based on the latter' s work. This is the only author who does not

accept Aeby's views entirely.
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Hystrix cristata—European Porcupine.

Corrosion of bronchial system and pulmonary artery. Ventral view.

Columbia University Museum, No. 413.
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PLATE XVI.

Taxidea americana—American Badger.

Young animal. Corrosion of bronchial system and pulmonary

artery. Ventral view.

Columbia University Museum, No. 1254.
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PLATE XVII.

Taxidea americana—American Badger.

Adult $ . Corrosion of bronchial system and pulmonary artery.

Ventral view.

Columbia University Museum, No. 1255.
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PLATE XVIII.

Canis familiaris—Dog.

Corrosion of bronchial system and pulmonary artery. Ventral view.

Columbia University Museum, No. 1256.
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PLATE XIX.

Dicotyles torquatus—Collared Peccary.

Corrosion of bronchial system and pulmonary artery. Ventral view.

Columbia University Museum, No. 1258.
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PLATE XX.

Myrmecophaga jubata—Great Ant-Eater

.

Corrosion of bronchial system and pulmonary artery. Ventral view.

Columbia University Museum, No. 479.
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PLATE XXI.

Auchenia glama-pacos—Llama-Alpaca.

Corrosion of bronchial system and pulmonary artery. Ventral view.

Columbia University Museum, No. 585.
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Cebus capucinus—Capuchin monkey.

Corrosion of bronchial system and pulmonary artery. Ventral view.

Columbia University Museum, No. 488.
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Cebus capucinus—Capuchin monkey.

Corrosion of bronchial system and pulmonary artery. Dorsal view.

Colmiibia University Museum, No. 488.
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PLATE XXIV.

Cebus niger—Capuchin monkey.

Corrosion of bronchial system and pulmonary artery. Dorsal view.

Columbia University Museum, No. 484.
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PLATE XXV.

Cebus niger—Capuchin monkey.

Corrosion of bronchial system and pulmonary artery. Ventral view.

Columbia University Museum, No. 484.

(170)



AXNALS X. V. ACAD. SCI. XI. PLATI-: XXV
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PLATE XXVL

Phoca vitulina—Harbor Seal.

Corrosion of bronchial system and pulmonary artery. Ventral view.

Columbia University Museum, No. 584.
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PLATE ' XXVII.

Schematic series, based on preparations described, showing types

of mammalian bronchial tree and pulmonary artery.

( 174 )
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PLATE XXVIII.

Schema showing development of mammaHan arterial system.

(176)
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THE DEBT OF THE WORLD TO PURE;[SCIENCE.

Annual Address of the Retiring President.

J. J. Stevenson.

(Read February 28, 1898.)

The fundamental importance of abstruse research receives

too little consideration in our time. The practical side of life

is all-absorbent ; the results of research are utilized promptly

and full recognition is awarded to the one who utilizes, while

the investigator is ignored. The student himself is liable to be

regarded as a relic of medieval times, and his unconcern respect-

ing ordinary matters is serviceable to the dramatist and news-

paper witlet in their times of need.

Yet every thoughtful man, far away as his calling may be

from scientific investigation, hesitates to accept such judgment

as accurate. Not a few, engrossed in the strife of the market-

place, are convinced that even from the selfish standpoint of

mere enjoyment less gain is found in amassing fortunes or in

acquiring power over one's fellows than in the effort to solve

Nature's problems. ]\len scoff at philosophical dreamers, but

the scoffing is not according to knowledge. The exigencies of

subjective philosophy brought about the objective philosophy.

Error has led to the right. Alchemy prepared the way for

Chemistry, Astrology for Astronomy, Cosmogony for Geology.

The birth of inductive science was due to the necessities of de-

ductive science, and the greatest development of the former has

come from the trial of hypotheses belonging in the border land

between science and philosophy.

My effort this evening is to show that discoveries which have

proved all-important in secondary results did not burst forth

full-grown ; that in each case they were, so to say, the crown of

( 177
)
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a structure reared painfully and noiselessly by men indifferent to

this world's affairs, caring little for fame, and even less for wealth.

Facts were gathered, principles were discovered, each falling

into its own place until at last the brilliant crown shone out and

the w^orld thought it saw a miracle.

This done, I shall endeavor to draw a moral which it is hoped

will be found worthy of consideration.

The heavenly bodies were objects of adoration from the earliest

antiquity ; they were guides to caravans on the desert as well as

to mariners far from land ; they marked the beginning of seasons

or, as in Egypt, the limits of vast periods embracing many hun-

dreds of years. Maps were made thousands of years ago

showing their positions, the path of the sun was determined

rudely, the influence of the sun and moon upon the earth was

.recognized in some degree and their influence upon man was in-

ferred. Beyond these matters man with unaided vision and

with knowledge only of elementary mathematics could not go.

Mathematical investigations by Arabian students prepared the

means by which, after Europe's revival of learning, one without

wealth gave a new life to astronomy. Copernicus, early trained

in mathematics, during the last thirty years of his life spent the

hours stolen from his work us a clerk and charity physician in

mathematical and astronomical studies, which led him to reject

the complex Ptolemaic system and to accept in modified form

that bearing the name of Pythagoras. Tycho Brahe followed.

A mere star-gazer at first, he became an earnest student, im-

proved the instruments employed, and finally secured recogni-

tion from his sovereign. For twenty-five years he sought facts,

disregarding none, but seldom recognizing economic importance

in any. His associate, Kepler, profiting by his training under

Brahe, carried the work far beyond that of his predecessors

—

and this in spite of disease, domestic sorrows and only too fre-

quent experience of abject poverty. He divested the Coper-

nicus hypothethis of many crudities and discovered the laws

which have been utilized by astronomers in all phases of their

work. He ascertained the causes of the tides ; with the aid of

the newly invented telescope made studies of eclipses and oc-
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cultations, and just missed discovering the law of gravitation.

He laid the foundation for practical application of astronomy to

every-day life.

In the eighteenth century astronomy was recognized by gov-

ernments as no longer of merely curious interest and its students

received abundant aid. The improvement of the telescope, the

discov^ery of the law of gravitation and the invention of logarithms

had made possible the notable advance marking the close of the

seventeenth century. The increasing requirements of accuracy

led to exactness in the manufacture of instruments, to calculation

and recalculation of tables, to long expeditions for testing methods

as well as conclusions, until finally the suggestions of Coperni-

cus, the physician, and of Kepler, the ill-fed invalid, became fact,

and astronomical results were utilized to the advantage of man-

kind. The voyager on the ocean, the agriculturist on land, reap

benefits from the accumulated observ^ations of three centuries,

though they know nothing of the principles or of the laborers

by whom the principles were discovered. The regulation of

chronometers as well as the fixing of boundary lines between

great nations are determined by methods due to slow accumu-

lation of facts, slower development in analysis and calculation,

and even slower improvement in instruments.

Galvani's observation that frogs' legs twitch when near a

friction machine in operation led him to test the effect of atmos-

pheric electricity upon them. The instant action brought about

the discovery that it was due, not to atmospheric influence, but

to a current produced by contact of a copper hook with an iron

rail. Volta pursued the investigation and constructed the pile

which bears his name. With this, modified, Davy, in 1807,

decomposed potash and soda, thereby isolating potassium and

sodium. This experiment, repeated successfully by other

chemists, was the precursor of many independent investigations

which directed to many lines of research, each increasing in in-

terest as it was followed.

Volta' s crown of cups expanded into the clumsy trough bat-

teries which were finally displaced in 1836 by Daniel's constant

battery, using two fluids, one of which was cupric sulphate. De
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la Rue observed that as the sulphate was reduced, the copper

was deposited on the surface of the outer vessel and copied ac-

curately all markings on that surface. Within two or three

years Jacobi and Spencer made the practical application of this

observation by reproducing engravings and medals. Thus was

born the science of electro-metallurgy. At first mere curiosities

were made, then electro-plating in a wider way, the electrotype,

the utilization of copper to protect more easily destructible

metals, the preparation of articles for ornament and utility by

covering baser metals with copper or silver or gold ; while now
the development of electro-generators has led to wide applica-

tions in the reduction of metals and to the saving of materials

which otherwise would go to waste.

Oersted in 1819-20, puzzling over the possible relations of

voltaic electricity to magnetism, noticed that a conductor carry-

ing an electrical current becomes itself a magnet and deflects

the needle. Sturgeon, working along these lines, found that

soft iron enclosed in a coil, through which a current passes be-

comes magnetic, but loses the power when the current ceases.

This opened the way for our own Henry's all-important dis-

covery of the reciprocating electro-magnets and the vibrating

armature—the essential parts of the magnetic telegraph. Henry

actually constructed a telegraph in 1832, winding the wires

around his class-room in Albany and using a bell to record the

making and breaking signals. Here, as he fully recognized,

was everything but a simple device for receiving signals.

Several years later, Professor Morse, dreaming night and day

of the telegraph, was experimenting with Moll's electro-magnet

and finding only discouragement. His colleague. Professor Gale,

advised him to discard the even then antiquated apparatus and

to utilize the results given in Henry's discussion. At once the

condition was changed and soon the ingenious recording instru-

ment bearing Morse's name was constructed. Henry's scien-

tific discoveries were transmuted by the inventor's ingenuity into

substantial glory for Morse, and proved a source of inconceiv-

able advantage to the whole civilized world. Steinhal's dis-

covery that the earth can be utilized for the return current com-
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pleted the series of fundamental discoveries, and since that time

everything has been elaboration.

Oersted's discovery respecting the influence of an electric cur-

rent closely followed by that of Arago in the same direction

opened the way for Faraday's complete discovery of induction,

which underlies the construction of the dynamo. This ascer-

tained, the province of the inventor was well defined, to con-

jure some mechanical appliance whereby the principle might be

utilized. But here, as elsewhere, the work of discovery and that

of invention went on almost pari passic ; the results of each in-

creased those of the other. The distance from the Clark and

Page machines of the middle '30's, with their cumbrous horse-

shoe magnets and disproportionate expenditure of power, to the

Siemens machine of the '50's was long, but it was no leap. In

like manner, slow steps marked progress thence to the Gramme
machine, in which one finds the outgrowth of many years of labor

by many men, both investigators and inventors. In 1870, forty

years after Faraday's announcement of the basal principle, the

stage was reached whence progress could be rapid. Since that

time the dynamo has been brought to such stage of efficiency that

the electro-motor seems likely to displace not merely the steam

engine, but also other agencies in direct application of force.

The horse is passing away and the trolley road runs along the

country highway ; the longer railways are considering the wis-

dom of changing their power ; cities are lighted brilliantly where

formerly the gloom invited highwaymen to ply their trade ; and

even the kitchen is invaded by new methods of heating.

Long ago it was known that if the refining of pig iron be

stopped just before the tendency to solidify became pronounced

the wrought iron is more durable than that obtained in the com-

pleted process. This imperfectly refined metal was made

frequently, though unintentionally and ignorantly. A short

railroad in southwest Pennsylvania was laid in the middle 60'

s

with iron rails of light weight. A rail's life in those days rarely

exceeded five years
;
yet some of those light rails were in ex-

cellent condition almost fifteen years afterwards, though they had

carried a heavy coke traffic for several years. But this process

Annals N. Y. Acad. Sci., XI, July 29, 1898— 13.
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was uncertain, and the best puddlers could never tell when to

stop the process in order to obtain the desired grade.

When a modification of this refining process was attempted

on a grand scale almost contemporaneously by Martien, in this

country, and Bessemer, in England, the same uncertainty of

product was encountered—sometimes the process was checked

too soon, at others pushed too far. Here the inventor came to

a halt. He could use only what was known and endeavor to im-

prove methods of application. Under such conditions the Besse-

mer process was apparently a hopeless failure. Another, however,

utilized the hitherto ignored work of the closet investigator.

The influence of manganese in counteracting the effects of cer-

tain injurious substances and its relation to carbon when pres-

ent in pig iron were understood as matters of scientific interest.

Mushet recognized the bearing of these facts and utilized them in

changing the process. His method proved successful, but with

thorough scientific forgetfulness of the main chance, he neg-

lected to pay some petty fees at the Patent Office and so reaped

neither profit nor popular glory for his work.

The Mushet process having proved the possibility of immedi-

ate and certain conversion, the genius of the inventor found full

scope. The change in form and size of the converter, the re-

movable base, the use of trunnions and other details, largely

due to the American, Holley, so increased the output and re-

duced the cost that Bessemer steel soon displaced iron and the

world passed from the age of iron into the age of steel.

Architectural methods have been revolutionized. Buildings,

ten stories high, are commonplace ; those of twenty no longer

excite comment, and one of thirty arouses no more than a pass-

ing pleasantry respecting possibilities at the top. Such build-

ings were almost impossible a score of years ago, and the weight

made the cost prohibitive. The increased use of steel in con-

struction seems likely to preserv^e our forests from disappear-

ance.

In other directions the gain through this process has been

more important. The costly, short-lived iron rail has disap-

peared and the durable steel rail has taken its place. Under the
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moderate conditions of twenty-five years ago iron rails scarcely

lasted more than five years ;
in addition the metal was soft, the

limit of load was reached quickly, and freight rates, though

high, were none too profitable.

But all changed with the advent of steel rails as made by the

American process. Application of abstruse laws discovered by

men unknown to popular fame enabled inventors to improve

methods and to cheapen manufacture until the first cost of steel

rails was less than that of iron. The durability of the new rails

and their resistance to load justified increased expenditure in

other directions to secure permanently good condition of the

road bed. Just here, our fellow member, Mr. P. H. Dudley,

made his contribution, w^hose importance can hardly be over-

estimated. With his ingenious recording apparatus it is easy to

discover defects in the roadw^ay and to ascertain their nature,

thus making it possible to devise means for their correction and

for preventing their recurrence. The information obtained by

use of this apparatus has led him to change the shape and

weight of rails, to modify the type of joints and the methods of

ballasting, so that now a roadbed should remain in good con-

dition and even improve during years of hard use.

But the advantages have not inured wholly to the railroad

companies. It is true that the cost of maintenance has been re-

duced greatly ; that locomotives have been made heavier and more

powerful ; that freight cars carry three to four times as much as

they did twenty-five years ago, so that the whole cost of opera-

tion is very much less than formerly. But where the carrier has

gained one dollar the consumer and shipper have gained hun-

dreds of dollars. Grain and flour can be brought from Chicago

to the seaboard as cheaply by rail as by water ;
the farmer in

Dakota raises wheat for shipment to Europe
;
coal mined in

West Virginia can be sold on the docks of New York at a profit

for less than half the freight rate of twenty-five years ago. Our

internal commercial relations have been changed and the revo-

lution is still incomplete. The influence of the Holley-Mushet-

Bessemer process upon civilization is hardly inferior to that of

the electric telegraph.
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Sixty years ago an obscure German chemist obtained an oily

liquid from coal-tar oil, which gave a beautiful tint with calcium

chloride ; five years later another separated a similar liquid from

a derivative of coal-tar oil. Still later, Hofmann, then a stu-

dent in Liebig's laboratory, investigated these substances and

proved their identity with an oil obtained long before by Zinin,

from indigo, and applied to them all Zinin's term, Anilin.

The substance w^as curiously interesting and Hofmann worked

out its reactions, discovering that with many materials it gives

brilliant colors. The practical application of these discoveries-

was not long delayed, for Perkins made it in 1856. The mar-

velous dyes, beginning with Magenta and Solferino, have be-

come familiar to all. The anilin colors, especially the reds,

greens and blues, are among the most beautiful known. They
have given rise to new industries and have expanded old ones.

Their usefulness has led to deeper studies of coal-tar products,,

to which is due the discovery of such substances as antipyrin,,

phenacetin, ichthyol and saccharin, which have proved so im-

portant in medicine.

One is tempted to dwell for a little upon Meteorology, that

border land where physics, chemistry and geology meet, and to

speak of the Signal Service system, the outgrowth of studies by

an obscure school teacher in Philadelphia, but the danger of

trespassing too far upon your endurance makes proper only

this passing reference.

While men of wealth and leisure wasted their energies in lit-

erary and philosophical discussions respecting the nature and

origin of things, William Smith, earning a living as a land sur-

veyor, plodded over England, anxious only to learn, in no haste

to explain. His work was done honestly and slowly ; when
finished as far as was possible with his means, it had been done

so well that its publication checked theorizing and brought men
back to study. His geological map of England was the basis

upon which the British Survey began preparation of the detailed

sheets, showing Britain's mineral resources.

In our country Vanuxem and Morton early studied the New
Jersey Cretaceous and Eocene, containing vast beds of marl.



ANNUAL ADDRESS. 185

Scientific interest was aroused, and eventually a geological sur-

vey of the State was ordered by the Legislature. The appro-

priation was insignificant, and many of the legislators voted for

it, hoping that some economic discovery might be made to jus-

tify their course in squandering the people's money. Yet there

were lingering doubts in their minds and some found more than

lingering doubts in the minds of their constituents. But when

the marls were proved to contain materials which the chemist,

Liebig, had shown to be all-important for plants, the conditions

were changed and criticism ceased. The dismal sands ofeastern

New Jersey, affording only a scanty living for pines and grasses,

were converted by application of the marl into gardens of un-

surpassed fertility. Vanuxem's study of the stratigraphy and

Morton's study of the fossils had made clear the distribution of

marls and the survey scattered the information broadcast.

Morton and Conrad, with others scarcely less devoted, labored

in season and out of season to systematize the study of fossil

animals. There were not wanting educated men who wondered

why students of such undoubted ability wasted themselves in

trifling employment instead of doing something worthy of them-

selves so as to acquire money and fame. Much nearer to our

own time, there were wise legislators who questioned the wis-

dom of *' wasting money on pictures of clams and salamanders,"

though the same men appreciated the geologist who could tell

them the depth of a coal bed below the surface. But the lead

diggers of Illinois and Iowa long ago learned the use of palae-

ontology, for the *' lead fossil" was their guide in prospecting.

The importance and practical application of this science, so

largely the outgrowth of unappreciated toil in this country as

well as in Europe, is told best in Professor Hall's reply to a pat-

ronizing politician's query, " And what are your old fossils

good for?" " For this. Take me blindfolded in a balloon
;

drop me where you will ; if I can find some fossils, I'll tell you

in ten minutes for what mineral you may look and for what

mineral you need not look."

Many regard Botany as a pleasing study, well fitted for women
and dilletanti, but hardly deserving attention by strong men.
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Those who speak thus only exercise the prerogative of igno-

rance, which is to despise that which one is too old or too lazy

to learn. The botanist's work is not complete when the care-

fully gathered specimen has been placed in the herbarium with

its proper label. That is but the beginning, for he seeks the

relation of plants in all phases. In seeking these he discovers facts

which often prove to be of cardinal importance. The rust which

destroys wheat in the last stage of ripening, the disgusting fun-

gus which blasts Indian corn, the poisonous ergot in rye, the:

blight of the pear and other fruits fall as much within the bot-

anist's study as do the flowers of the garden or the sequoias of

the Sierra. Not a few of the plant diseases which have threat-

ened famine or disaster have been studied by botanists, unknown.

to the world, whose explanations have led to palliation or cure..

The ichthyologist, studying the habit of fishes, discovered

characteristics which promptly commended themselves to men
of practical bent. The important industry of artificial fertiliza-

tion and the transportation of fish eggs, which has enabled man:

to restock exhausted localities and to stock new ones, is but the

outgrowth of closet studies which have shown how to utilize

Nature's superabundant supply.

The entomologist has ahvays been an interesting phenomenon

to a large part of our population. Insects of beauty are attrac-

tive, those of large size are curious, while many of the minuter

forms are efficient in gaining attention. But that men should

devote their lives to the study of unattractive forms is to many
a riddle. Yet entomology yields to no branch of science in the

importance of its economic bearings. The study of the life

habits of insects, their development, their food, their enemies, a

study involving such minute details as to shut men off from

many of the pleasures of life and to convert them into typical

students, has come to be so fraught with relations to the public

weal that the State Entomologist's mail has more anxious letters

than that of any other officer.

Insects are no longer regarded as visitations from an angry

Deity, to be borne in silence and with penitential awe. The in-

timate study of individual groups has taught in many cases how
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to antagonize them. The scale threatened to destroy orange

culture in California ; the Colorado beetle seemed likely to ruin

one of our important food crops ; minute aphides terrified raisers

of fruit and cane in the Sandwich Islands. But the scale is no

longer a frightful burden in Califarnia ; the potato bug is now
only an annoyance, and the introduction of lady birds swept

aphides from the Sandwich Islands. The gypsy moth, be-

lieved for more than a hundred years to be a special judg-

ment, is no longer thought of as more than a very expensive

nuisance. The curculio, the locust, the weevil, the chinch bug

and others have been subjected to detailed investigation. In

almost all cases methods have been devised whereby the ravages

have been diminished. Even the borers which endangered some

of the most important timber species are now understood and

the possibility of their extermination has been changed into

probability.

Having begun with the ''infinitely great," we may close this

summary with a reference to the " infinitely small." The study

of fermentation processes was attractive to chemists and natural-

ists, each claiming ownership of the agencies. Pasteur, with a

patience almost incredible, revised the work of his predecessors

and supplemented it with original investigations, proving that a

very great part of changes in organic substances exposed to the

atmosphere are due primarily to the influence of low animals or

plants whose germs exist in the atmosphere.

One may doubt whether Pasteur had any conception of the

possibilities hidden in his determination of the matters at issue.

The canning of meats and vegetables is no longer attended with

uncertainty, and scurvy is no longer the bane of explorers
;

pork, which has supplied material for the building of railroads,

the digging of canals, the construction of ships, can be eaten

without fear. Flavorless butter can be rendered delicious by

introduction of the proper bacteria ; sterilized milk saves the

lives of many children ; some of the most destructive plagues

are understood and the antidotes are prepared by the culture of

antagonistic germs ; antiseptic treatment has robbed surgery of

half its terrors and has rendered almost commonplace opera-
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tions which less than two decades ago were regarded as justifi-

able only as a last resort. The practice of medicine has been

advanced by outgrowths of Pasteur's work almost as much as

it was by Liebig's chemical investigations more than half a cen-

tury ago.

In this review, the familiar has been chosen for illustration in

preference to the wonderful, that your attention might not be

div^erted from the main issue, that the foundation of industrial

advance was laid b}" workers in pure science, for the most part

ignorant of utility and caring little about it. There is here no

disparagement of the inventor ; without his perception of the

practical and his powers of combination the world would have

reaped little benefit from the student's researches. But the in-

vestigator takes the first step and makes the inventor possible.

Thereafter the inventor's work aids the investigator in making

new discoveries to be utilized in their turn.

Investigation, as such, rarely receives proper recognition. It

is usually regarded as quite a secondary affair in which scientific

men find their recreation. If a geologist spends his summer
vacation in an effort to solve some perplexing structural prob-

lem he finds on his return congratulations because of his glori-

ous outing ; the astronomer, the physicist and the chemist are

all objects of semi-envious regard because they are able to spend

their leisure hours in congenial amusements ; while the natural-

ist, enduring all kinds of privation, is not looked upon as a

laborer because of the physical enjoyment which most good

people think his work must bring.

It is true that investigation, properly so-called, is made sec-

ondary, but this because of necessity. Scientific men in gov-

ernment service are hampered constantly by the demand for im-

mediately useful results. Detailed investigation is interrupted

because matters apparently more important must be considered.

The conditions are even more unfavorable in most of our col-

leges and none too favorable in our greater universities. The
*' literary leisure " supposed to belong to college professors does

not fall to the lot of teachers of science, and very little of it can

be discovered by college instructors in any department. The
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intense competition among our institutions requires that profes-

sors be magnetic teachers, thorough scholars, acti\'e in social

work, and given to frequent publication, that being prominent

they may be living advertisements of the institution. How
much time, opportunity or energy remains for patient investiga-

tion some may be able to imagine.

The misconception respecting the relative importance of in-

vestigation is increased by the failure of even well-educated men
to appreciate the changed conditions in science. The ordinary

notion of scientific ability is expressed in the popular saying that

a competent surgeon can saw a bone with a butcher knife and

carve a muscle with a handsaw. Once, indeed, the physicist

needed little aside from a spirit lamp, test tubes and some plati-

num wire or foil ; low power microscopes, small reflecting tele-

scopes, rude balances and home-made apparatus certainly did

wonderful service in their day ; there was a time when the finder

of a mineral or fossil felt justified in regarding it as new and in

describing it as such, when a psychologist needed only his own
great self as a basis for broad conclusions respecting all man-

kind. All of that belonged to the infancy of science, when

little was known and any observation was liable to be a discov-

ery, when a Humboldt, an Arago or an Agassiz was possible.

But all is changed ; workers are multiplied in every land ; study

in every direction is specialized; men have ceased the mere gath-

ering of facts and have turned to the determination of relations.

Long years of preparation are needed to fit one to begin investi-

gation ; familiarity with several languages is demanded
;
great

libraries are necessary for constant reference, and costly apparatus

is essential even for preliminary examination. Where tens of

-dollars once supplied the equipment in any branch of science,

hundreds, yes thousands, of dollars are required now.

Failure to appreciate the changed conditions induces neglect

to render proper assistance. As matters now stand, even the

wealthiest of our educational institutions cannot be expected to

-carry the whole burden, for endowments are insufficient to meet

the too rapidly increasing demand for wider range of instruction.

It is unjust to expect that men, weighted more and more by the
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duties of science teaching, involving too often much physical

labor, from which teachers of other subjects are happily free,.

should conduct investigations at their own expense and in hours

devoted by others to relaxation. Even were the pecuniary cost

comparatively small, to impose that would be unjust, for, with

few exceptions, the results are given to the world without com-

pensation. Scientific men are accustomed to regard patents

much as regular physicians regard advertising.

America owes much to closet students as well as to educated

inventors who have been trained in scientific modes of thought.

The extraordinary development of our material resources—our

manufacturing, mining and transporting interests—shows that

the strengthening of our educational institutions on the scientific

side brings actual profit to the community. But most of this

strengthening is due primarily to the unremunerated toil of men
dependent on the meagre salary of college instructors or gov-

ernment officials in subordinate positions. Their aptitude to fit

others for usefulness, coming only from long training, was ac-

quired in hours stolen from sleep or from time needed for re-

cuperation. But the labors of such men have been so fruitful

in results that we can no longer depend on the surplus energy

of scientific men, unless we consent to remain stationary. If

the rising generation is to make the most of our country's op-

portunities it must be educated by men who are not compelled

to acquire aptness at the cost of vitality. The proper relation of

teaching labor to investigation labor should be recognized, and

investigation, rather than social, religious or political activity,

should be a part of the duty assigned to college instructors.

Our universities and scientific societies ought to have en-

dowments specifically for aid in research. The fruits of investi-

gations due to Smithson's bequest have multiplied his estate

hundreds of times over to the world's advantage. He said well

that his name would be remembered long after the names and

memory of the Percy and Northumberland families had passed

away. Hodgson's bequest to the Smithsonian is still too re-

cent to have borne much fruit, but men already wonder at the

fruitfulness of a field supposed to be well explored. NobeL
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knew how to supply the results of science ; utilizing the chem-

ist's results, he applied nitro-glycerine to industrial uses ; simi-

larly, he developed the petroleum industry of Russia, and, like

that of our American petroleum manufacturers, his influence was

felt in many other industries of his own land and of the Conti-

nent. At his death he bequeathed millions of dollars to the

Swedish Academy of Science, that the income might be ex-

pended in encouraging pure research. Smithson, Hodgson and

Nobel have marked out a path which should be crowded with

Americans.

The endowment of research is demanded now as never be-

fore. The development of technical education, the intellectual

training of men to fit them for positions formerly held by mere

tyros, has changed the material conditions in America. The
su-rveyor has disappeared

; none but a civil engineer is trusted tO'

lay out even town lots ; the founder at an iron furnace is na
longer merely a graduate of the casting-house—he must be a

graduate in metallurgy
; the manufacturer of paints cannot en-

trust his factory to any but a chemist of recognized standing
;,

no graduate from the pick is placed in charge of mines—a min-

ing engineer alone can gain confidence ; and so everywhere.

With the will to utilize the results of science there has come an

intensity of competition in which victory belongs only to the

best equipped. The profit awaiting successful inventors is greater

than ever and the anxious readiness to supply scientific dis-

coveries is shown by the daily records. The Roentgen rays

were seized at once and efforts made to find profitable applica-

tion ; the properties of zirconia and other earths interested in-

ventors as soon as they were announced ; the possibility of tele-

graphing without wire incited inventors ever^^where as soon as

the principle was announced.

Nature's secrets are still unknown and the field of investiga-

tion is as broad as ever. We are only on the threshold of dis-

covery, and the coming century will disclose wonders far be-

yond any yet disclosed. The atmosphere, studied by hundreds

of chemists and physicists for a full century, proved for Ray-

leigh and Ramsay an unexplored field within this decade. We
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know nothing yet. We have gathered a few large pebbles from

the shore, but the mass of sands is yet to be explored.

And now the moral has been drawn. The pointing is simple.

If America, which, more than other nations, has profited by

science, is to retain her place Americans must encourage, even

urge, research, must strengthen her scientific societies and her

universities, that under the new and more complicated conditions

her scientific men and her inventors may place and keep her in

the front rank of nations.

New York University,

February, 1 898.
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DESCRIPTION OF SOME MARINE NEMERTEANS
OF PUGET SOUND AND ALASKA.

B. B. Griffin.

(Read March 14, 1898.)

Bradney Beverley Griffin died of pneumonia on March

26th—less than a fortnight after the present paper was read be-

fore the Academy. The editor of the Annals has now sent me
the proof for revision and has arranged that a brief notice of his

Hfe and work should be inserted as its preface.

Mr. Griffin came rightfully by his deep interest in science, for

his forefathers on both sides had been prominent in the learned

professions, that of medicine especially. His father, Dr. Bradney

Griffin, although dying young, was a well-known practitioner in

New York. Mr. Griffin's mother is of the Hollister family : his

paternal grandmother was a du Barriere, one of whom together

with other nobles emigrated to this country during the French

Revolution.

Mr. Griffin received his first degree in 1894, graduating with

highest honors, at the College of the City of New York. He
there evinced a remarkable bent for zoology. Continuing his

studies in the graduate Department of Columbia University he

would have taken the Degree of Doctor of Philosophy at the

present Commencement. He had held the position of Uni-

versity Fellow in Zoology and had taken part for two years in

the summer expeditions to the northwest coast.

(193)
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His published writings appear, with one exception, in the

Transactions of the Academy. Their results are of permanent

A^alue and have already received marked attention both in this

country and abroad. His mind was mature and none of us

knew before his death that he was but twenty-six. His work

showed to all, as memorial notices in foreign journals testify,

that he was an investigator of rare promise ; but those who
knew him well can alone understand how much he would have

contributed to zoological knowledge had his life been spared.

I have never known a more perfect example of sacrificing de-

votion to a life's work. He gave his best energy—more than

his health could spare—to zoology for zoology's sake. Per-

sonally, he was retiring, asked for nothing and cared for noth-

ing in the way of material advancement. His industry was in-

cessant, and was rarely directed in vain ; he was conscientious

even to the least of things ; he made it clear to us that his

ideals were the highest and that he did as he believed.

Bashford Dean.
Columbia University, July 12, 1898.

Published Writings by Mr. Griffin.

' 96. The History of the Achromatic Structures in the matu-

ration and fertilization of Thalassema. Trans. N. Y. Acad. Sci.,

Vol. XV, pp. 163-176, pis. IX-XI.
'

97 (i) A brief account of the work of collecting in Puget

Sound and on the Pacific coast. (With others.) Ibid., Vol.

XVI, pp. 33-43", Pl- I-

(2) Notes on the distribution and habits of some Puget Sound

Invertebrates. (With N. R. Harrington.) Ibid., pp. 152-165.

(3) Adaptation of the shell of Placuanomia to that of Saxi-

domus, with remarks on shell adaptation in general. Ibid., pp.

77-99-
' 98 (i) Description of some marme Nemerteans of Puget

Sound and Alaska. (The present paper.)

(2) The Maturation and Fertilization of Thalassema. A
thesis for the degree of Doctor of Philosophy. Journal of Mor-

phology. (Shortly to appear.)
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I. INTRODUCTION.

The forms here described were collected by the writer while

a member of the Columbia University expeditions of 1896 and

1897 to Puget Sound and Alaska. During the first of the sum-

mers spent on the Pacific coast about 10—15 different forms

were collected, all from the region about Port Townsend, Wash-
ington. The work of the second summer added about i 5 Alas-

kan forms to the collection, besides three additional species

from Puget Sound.

Upon the return the writer lost by shipwreck not only the

Alaskan material, but all the previously prepared sections and

much valuable literature, together with manuscripts including

notes upon the color, form, habits and habitats of the living

animals. The consequent necessity of replacing the literature

and resectioning the entire set of forms has, as may be readily

understood, greatly delayed the publication of the specific de-

scriptions.

The collections were made with the view of accumulating

material for a monograph of the Nemerteans of the Pacific coast

of the United States, and it is hoped that the present brief notice

will be followed by a more extensive work with colored plates.

The special interest attaching to certain of the forms {e. g., Cari-

nouia), as well as the general importance of the formal pecu-

liarities of heretofore unexplored regions, will, it is hoped, prove

a sufficient excuse for the publication of the present paper.

The species here described do not represent the entire num-
ber collected, since, in addition to those lost by shipwreck, sev-

€ral have been omitted in which the material was either too

poorly preserved or too scanty for adequate determination.

As regards terminology, Montgomery's term ('96) mesen-

chyme will be used to designate that tissue formerly known as

"parenchyme," " body-parenchyme " and ** gelatinous tissue."

The four vascular trunks of the mesonemerteans will be distin-

guished as dorso-lateral and ventro-lateral vessels (= respectively

" Rhynchocolomseitengefasse " and " Seitengefasse " of Biirger,

^' supra-proboscidian-sheath-vessels " and "blood vessel" of

Oudemans).
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The writer wishes to express his grateful acknowledgements

to Professor H. P. Johnson, of the University of California, for

his very kind assistance in obtaining southern specimens of

Emplectonema viride Stimpson. He also feels indebted to Mr.

Mutty, of Port Townsend, for his permission to use one of his

buildings as a laboratory, and to Mr. Shaffer for his kind loan of

collecting appliances.

II. HISTORICAL.

During the years 1857-58 there appeared in the Proceedings

of the Philadelphia Academy a series of preliminary papers by

Dr. William Stimpson, in which he briefly described the inverte-

brates collected upon the North Pacific Exploring Expedition

(1853-56). The collections made by Dr. Stimpson include^

among other groups, thirty-three species of Nemerteans, ob-

tained at points along the coasts of North America and Asia^

though principally from Japan and China.

Stimpson arranged his thirty-three species under seventeen

genera, of which the following ten were new : Diploplcura^

Tceniosonia, DicJulits, Cephalonema, Emplectonema, Diplonnna^

Dicelis, Polina, Tatsnoskia and Cosmocephalia} One half of

the new genera have now proved synonyms. Thus DicJnhis

and CosmoccpJialia = AmpJuponis (Verrill '92) ; Tceniosoma =
Eiipolia (Bijrger '95 (2)) ; Polina^ according to Biarger = Eii-

polia, but according to Verrill = AnipJdporus. Those of the

other half (viz. CepJialonema^ Diploimna, Dicclis and Tatsnoskia)

have not, to the knowledge of the present writer, been identified

with any of the valid genera of the present day. Their fate must

await further work upon these Japanese and Chinese forms.

Of the remaining sev^n genera, four (^Linens, Cercbratiilus,

Valcncinia and Tctrastcndnd) were well recognized at the time

Stimpson wrote, and are still valid ; while three [Mcckelia, Poly-

stenuna and Seipcntarid) are synonyms of Cerebratidus, AnipJd-

porus and Ccrebrattdns respectively.

Two of the ten new generic terms invented by Stimpson rep-

^ His classification throughout is superficial and based in the main upon trivial

external characters.



PUGET SOUND NEMERTEANS. 197

resent valid genera, and, as Verrill ('95) has urged, should, by

virtue of priority, supersede those now generally accepted by

European writers. Eniplectoiicina is sufficiently well defined, so

that '' Sicher ergiebt sich trotz der unvollkommenen Diagnosen

dass 49 und 55 mit Eiipolia und 52 {Emplectoneuia) mit Eiuic-

incrtcs zusammenfallen." (Burger '952). As Emplcctoncma long

antedates Euncnicrtcs (Vailant '90), it should stand for this

genus. Similarly Diploplcura is at once recognized as identical

with Langia (Hubrecht '79) and has priority.

Owing to loss of plates and material in the great Chicago fire,

Stimpson was unable to publish his detailed descriptions and

colored drawings. The Prodi'oimis^ accordingly, together with a

brief paper on Chinese and Japanese forms (1855), represents, to

the knowledge of the present writer, all the published work upon

North Pacific Nemerteans up to date.

Of the species obtained by the present writer, one {Einplccto-

iienia viridc Stimpson) was described in the Prodronms ; the other

(^Ei)iplcctoiieina violaceiuii Burger) was described by Burger ('96)

from the Chilian Coast, while the remainder do not seem to have

been noticed by either. Among the latter is one form of special

interest in that its genus, which represents a transitional type, has

heretofore been represented by two species only, both of which

are very rare. This form ivhic/i occurs abundantly in the Puget

Sound region, is a new species of Carinoma. In order, however,

to make clear the relationships and significance of Carinoma, it

will be necessary to briefly trace the historical development of

Nemertean taxonomy.

One of the most servicable taxonomic systems was that pro-

posed by Max Schultze in 1852, which divided the Nemerteans

into the well-known Exopla and Axopla, based upon the re-

respective presence or absence of calcareous stylets in the pro-

boscis. Although this system was generally accepted and

adopted in the older text-books, it finally became evident that

the mere presence or absence of stylets is no certain indication

of affinity. Thus forms are known whose inner organization in

other respects conforms to the Enoplous type, yet lack the stylets

{e.g., Malacobdella, Pclagoneniertes). Moreover, the Anopla

Annals N. Y. Acau. Sci., XI, July 30, 1898— 14



198 GRIFFIN.

proved a very heterogeneous assemblage, since under this term

forms were included that differ as widely from each other as

they do from the Enopla {e.g., Carinclla, CcpJialothrix, Ccrcbra-

tuhis). These faults were partially removed by Hubrecht ('79)

in the following system :

1. PaL.'EONEMERTINI.

No deep lateral fissure on the side of the head. No stylet in

the proboscis. Mouth behind ganglia.

Carincila, Ccplialotlirix,

Polia, Valcncinia.

2. SCHIZONEMERTINI.

A deep longitudinal lateral fissure on each side of the head,

from the bottom of which a ciliated duct leads into the posterior

lobe of the ganglion. Lateral nerves between the longitudinal

and inner circular muscular coat of the body wall. Nervous

tissue deeply tinged with haemoglobin. Mouth behind the

ganglia.

Linens, Borlasia,

Ccrcbratiihis, Langia.

3. HOPLONEMERTINI.

One or more stylets in the proboscis. Mouth generally sit-

uated before the ganglia. Lateral nerves inside the muscular

coats of the body-wall. No deep longitudinal fissures on each

side of the head.

DrcpanopJwriis, AinpJiiporns,

Tetrastcinnia, ProsorhocJinms,

Oerstedia, Ncincrtcs.

The above system, the result of a deeper study of the inner

organization of these worms, marked an important advance in

taxonomy. A single character (presence or absence of stylets)

is here no longer taken as the basis of division, but a group of

characters ; and, moreover, the importance of the number and



PUGET SOUND NEMERTEANS. 199

position of the muscular coats of the body-wall in relation to

the nerve cords commences for the first time to be recognized.

But excellent and serviceable as the Hubrechtian system was,

it still possessed a defect which became more conspicuous w^ith

increase of our knowledge of the comparative anatomy and

embryology. It still associated under the term PalVeonemer-

TiNi such forms as Carinella, Ccphalotlirix and Polia ( = Eiipolia

Hubrecht "^J^, the last named type being more closely related

to the ScHizoNEMERTiNi than to Carinella. The following

sentence from Oudemans ('85) shows how^ quickly this defect

became obvious with careful comparative study. *' Though the

families of the Valcnciniidce and the Poliidce belong to the PaL/E-

ONEMERTEA, they, with respect to their vascular and nephridial

system, already approach the Schizonemertea. To avoid con-

fusion, I will here employ the expression, " Pa4^o-type,"

'' Schizo-type" and " Hoplo-type." Burger ('90) went even

further, and, after a severe criticism of Hubrecht's system, pro-

posed a return to the Anopla and Enopla of Max Schultze.

During the next two years, however. Burger ('91 and '92) elab-

orated and published a new system, which of all those heretofore

proposed seems to come the nearest to expressing the true in-

terrelationship of the main groups of Nemerteans.

Before taking up Burger's system in detail we must glance

briefly at the phylogenetic theories as influenced by the discov-

ery of Carinoma. All are agreed that the epithelial position of

the nerves in Carinella is a primitive feature. Accordingly the

derivation of the remaining Nemertean orders from Carinella-\\kQ

ancestors involves an inward migration of the nerve-cords. Even

before the discovery of Carinoma a fairly complete series could

be arranged from Carinella with its epithelial nervous system,

through Cephalothrix with nerve-cords in the longitudinal layer^

to Cerebratulus in which the nerve-cords have apparently migrated

further inward to lie closely appressed (and sometimes indenting)

the inner circular muscle layer, leading finally to the Enoplous

types with the nerves internal to all the muscular coats. (Com-

pare figures in Hubrecht "^J

^

In 1875 Mcintosh obtained at Southport, England, a spe-
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cies which he described as Valencinia aimandi n. sp. The
careful description of this form by its discoverer (Macintosh '75)

and the able anatomical investigations of Oudemans ('85) made
it clear that Valencinia arniandi is not only the representative of

a distinct type (allied to CepJialotJndx)^ but a form in many re-

spects intermediate between Carinclla and other Nemerteans.

The special interest centers in the fact that anteriorly the nerve-

cords lie in a similar position to those of Carinella (although

surrounded by a thin layer of longitudinal muscles), while more
posteriorly they break through the outer circular layer and lie

for the rest of their course within the longitudinal layer. Oude-

mans was thus thoroughly justified in creating the new genus

Carinonia for its reception. For twenty years the form remained

the sole representative of its genus. In 1895 Burger described

the C. patagonica from some very scanty material collected at

Punta Arenas, Patagonia. Of this material he observes :
** Uber

ihr Aussehen im Leben fehlen leider Angaben." In C. pata-

gonica the nerves lie wholly within the longitudinal muscle layer^

so that within the limits of the genus Cariiionia we have accom-

plished the theoretically required migration of the nerves through

the circular milscle layer. It now became easy^ to derive the

Enopla directly from Carinclla through Carijwnia and CepJialo-

thrix^ while the ScJiizonemertean type (including the Eupolidae)

comes off as an independent side branch from an ances-

tor of Carinoma, which retained the nerve-cords outside of the

circular muscles, but lost the inner circular layer and developed

a new longitudinal layer beneath the basal membrane of which

Carinoma arnianda shows rudiments.^

These points are all clearly recognized in Burger's taxonomic

system. Carinclla with Carinonia and HidirccJitia constitute the

first and most primitive order Protonemertini
;
Carinoma and

Cephalothrix are ranked as an independent order Mesonemertini;

1 Cf. Biirger '95 (2).

2 Carinoma, while more primitive as regards the nerve-cords and presence of

nephridia, seems to have lost the cephalic organs still retained in CephalotJwix (com-

pare Joubin '90).

3 Such an ancestor Burger believes to be realized in Hubrechtia desiderata (v»

Kennel).



PUGET SOUND NEMERTEANS, 201

the Enopla constitute the Metanemertixi, while the remaining

representatives of Hubrecht's Palceonemertini {y\z., the EupoHdae)

are grouped with the ScJiizonemcrtini under the ordinal term

Heteronemertini.

Thus with the establishment of Biirger's system there appears

to vanish the last vestige of artificiality in the ordinal classifica-

tion, and for the first time we have a system that may be called

a natural one.

III. SPECIAL DESCRIPTIONS.

Protonemertini.

I. Carinella sexlineata n. sp.

In form, color and internal anatomy this species very closely

resembles C. siipcrba (Kolliker), being marked by creamy white

lines and annulations disposed upon a

ground color of reddish brown. The

principal difference lies in the pattern of

the markings, which renders the form

the most complicated of the genus.

Near the anterior margin of the head

and well in front of the mouth occurs

transverse band i (Fig. 15, I), which in

the type specimen consisted of a broader

dorsal and narrower ventral half meeting

laterally in a sharp posteriorly directed

angle. From band i there extends a

mid-dorsal line the whole length of the

body. A short distance behind the neck^

occurs band 2, which is broad and dis-

tinct, but interrupted laterally whence

proceed caudad two-paired lateral lines.

These extend the whole length of the Fig. 15. Corinella sexlineata

body. A mid-ventral line also com- "• ^p- I. Lateral. II.

mences from band 2, arising from a

flecked area involving the lower laterals.

^ Neck ^ constriction separating head from rest of body

Dorsal aspect. Drawn
from alcoholic specimens.



202 GRIFFIN.

The mouth is situated between bands i and 2 and in type speci-

men did not pierce band 2 (difference from C. supcrbd). At inter-

vals much greater than between i and 2 occur bands 3, 4 and 5,

w^ith no intermediate annulations. Band 3 is the broadest, its

edges fimbriated, and interrupted between the laterals
; 4 and 5

are more sharply outlined, 4 continuous, 5 partially interrupted

at the laterals by the side organs (difference from both C. siipcrba

and C. anniilata, in neither of which do the side organs occur on

a transverse band). The broken mid-ventral line continues

nearly to band 5, w^here it breaks up into a row of fine dots

w^hich may be sometimes traced along the rest of the body.

From band 5 to posterior extremity of body occur broad unin-

terrupted annulations sometimes double, placed some distance

apart, with one to three finer intervening annulations, which are

interrupted or nearly so at the laterals. The intervals between

these body annulations are nearly equal.

Variations. It .must be noted on behalf of the validity of

this species that the above outlined pattern is in its main features

remarkably constant. The variations, so far as was observed,

involve merely the shade of the ground color, the amount of

flecking, the cojnposition (/. c, whether full or broken) and ex-

tension of the lines. The few specimens obtained near Sitka,

Alaska, were darker in color, with much less flecking and

fimbriation of the annulations. Those taken about Puget Sound

showed considerable flecking on the head behind band i and

on dorsum, mostly near lines or bands. Moreover, in some

specimens the lines are more continuous, in others more or less

dotted or broken.

In alcohol the worm darkens considerably, but even then the

main pattern can be easily made out. The side-organs then ap-

pear as white circular spots.

Internal Anatomy. A cephalic gland is absent as in C. su-

perba. Differs from latter in general absence in region of side

organ of a pronounced dorsal and ventral decussation of the cir-

cular muscles of the body-wall. A fine raphe of connective

tissue is generally present in its place, which may involve a few

muscle-fibers. In one individual sectioned these were so abun-
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dant as to produce a decussation similar to C. siipcrba. The
variation of this structure would appear to show that but little

reliance can be placed upon it for specific determinations. A
layer of longitudinal muscle fibres separates the oesophagus from

the circular muscles of the rhynchocoelom as in C. rubiciinda.

Cephalic organs consist of a paired ciliated tube which pene-

trates the epithelium to end blindly next the basal membrane.

Nephridia consist of branching tubules, portions of which bulge

more or less into the lateral vessels. They open at their pos-

terior extremity by a pore above the side organs, /. c.^ in trans-

verse band 5.

Habitat and Distribution. Dredged in Kilisut Harbor op-

posite Port Townsend, in from 3 to 4 fathoms, also taken under

bark of wharf-piles in its tough hyaline tube, as well as in the

sand between tides. Likewise taken in and about Sitka Harbor,

Alaska.

This worm grows to a great length ; some incomplete frag-

ments when fully extended were over a meter in length.

2. Carinella rubra n. sp.

? C. miniata Hubrecht.^

Color in life a uniform bright red. In alcohol the pigment

quickly washes out, leaving the worm a dull gray. The mature

worm reaches an enormous length, some of the smaller indi-

viduals (incomplete) measuring over 140 cms., while the largest

observed must have been at least two meters in length.

Internal Anatomy. Well developed glands fill the head

(differences from C. polyinorpJid). Cephalic organs are epithe-

lial pits which do not reach the basal membrane. Dorsal and

ventral decussation of circular muscles absent or very weak.

Habitat and Distribution. Taken in sand and silt between

tides at Puget Sound (Bremerton), Kilisut Harbor, and Sitka,

Alaska.

' Biirger ('95) figures a red species (C. uiiniata Hubrecht) which may possi-

bly be identical with this species, but since no sections were obtained its identity

with C. rubra can be but a matter of conjecture. In color, size and form of head

they differ not a little. In form and size C. rubra more nearly resembles C. poly-

iHorp/ia.
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Mesonemertini.

3. Carinoma mutabilis n. sp.

Color a pure creamy or milky white, with faint cloudy mot-

tlings in intestinal region, which cease a short distance from the

posterior extremity, leaving the tail region pure white.

Length • and breadth variable, the largest

individuals of the type measured 14 cms.

by I mm. in alcohol.

Head hemispherical, narrower than body

and marked off from latter by a slight nar-

rowing or neck. No eyes or caudal cirrus.

Internal Anatomy. This species ap-

proaches very closely the C. patagonica

Biirger('95). It appears to differ, however,

in several particulars, especially in size and

in the disposition of the nephridial tubules.
Fig. 16. Carinoma intita- ,^, , , i 1 1 -r 1

/>///> n.sp. I. Two in-
^^^^ ^^^^^^' ^^'^ ^^^g^ ^"<^ looscly ramified,

dividuals of type. II. but three or four cross sections of them
variety ^r^////;/.7. Cam- appear in each section and, although some
era lucida from aico- r -li 1 1 -^ .l 1 1

"^ ^ ^1
, ,. , . , 01 the branches are situated close to the
nolle material.

blood vessels, they do not appear to bulge

into them to the extent that they do in C. patagonica. They

open to the exterior by a single-paired excretory pore, the posi-

tion of which varies in different varieties, though always dorsal

to the nerve-cords. Circulatory system in its main features as

in C. patagonica. Ventro-lateral blood vessels thick-walled,

thickness of which steadily increases as nephridial region is

reached. This peculiarity can be traced throughout the

nephridial region.^ Dorso-lateral vessels thin-walled through-

out. Dorsal and ventral nerv^es anteriorly outside the outer

circular muscle-layer. A double diagonal muscle-layer com-

mences to appear in the anterior oesophageal region.

Inner circular-muscle-layer much thicker anteriorly than in

C. patagonica.

1 Compare similar phenomenon figured by Mcintosh ('75).
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Just in front of the nephridial region the following changes

occur :

1°. Inner circular-muscle-layer becomes enormously thick-

ened.

2°. Dorsal and ventral nerves commence to break through

the outer circular-muscle-layer and dip down toward the inner

layer.

3°. Lateral nerv^e cords commence to break awa}' from the

inner side of the outer circular-muscle-layer and sink deeper into

the longitudinal layer.

4°. Diagonal muscles commence to thin out, to disappear

•completely a short distance further back.

Proboscis-pore subterminal, cephalic lacunae extend to tip of

head. A cephalic gland is present in type specimen. It con-

sists of deeply staining lobules that hang into the cephalic

lacunae anterior to the proboscis pore.^ Brain, with lacunae and

rhynchocoelom in brain region, more or less completely inclosed

in an inner capsule of connective tissue separated from basal

membrane by a thin longitudinal muscle-layer. Mesenchyme

scanty.

Habitat and Distribution. In sand between tides and on

piles of wharves, along the west shore of Port Townsend har-

bor, between the wharves of the city and the railroad depot.

Two varieties of this species were taken, which for convenience

•of reference will be distinguished by varietal names.

4. Carinoma mutabilis argillina n. var.

General form and color as in type. The entire worm was not

•obtained ;
the largest fragment measures 1 5 cms. by 3 mm. in

alcohol. Differs from type in larger size, rather more powerful

muscular development. Excretory pore in oesophageal region

where inner circular-muscle-layer is still thick, and anterior to

•cessation of dorso-lateral vessels, i. c, slightly further cephalad

than in type. Mesenchyme rather more extensive, lateral halves

meeting in mid-ventral line behind mouth.

1 Biirger ('95( i) ) makes no reference to a cephalic gland in C. patagonica, and

^'95(2) ) is not quite sure of its presence in C. arniandi.



206 GRIFFIN.

Habitat and Distribution. Between tides in hard blue

clay among pholads, not apparently in burrows of latter, but

in surrounding clay, to all appearances excavating burrows of

its own.^ Locality, w^est of Point Wilson on shore of Strait of

Juan de Fuca.

5. Carinoma mutabilis vasculosa n. van

Form and color as in type, size intermediate between type

and var. argillina. Mesenchyme most extensive, in oesophageal

region nearly surrounding the very large blood vessels. Ventro-

lateral vessels branch from time to time. Excretory pore at

commencement of visceral region where inner circular-muscles

thin out.

Habitat and Distribution as in type, except that it was not

taken on pile's.

All these varieties build sand-tubes and in mode of life re-

semble somewhat Ccrcbratiihis, though they do not swim nor

readily fragment themselves as do the cerebratulids, and appear

generally more sluggish.

Analytical Key to Species of Carinoma.

A.—Nerve cords anteriorly without circular muscle layer ; further

back they break through the latter, and lie wholly within longitudi-

nal layer C. armandi (Mcintosh) Oudemans,
B.—Nerve cords wholly within longitudinal layer throughout their

entire course.

«—Small (3.5 cms.). Brain free in longitudinal muscles of head.

Nephridia bulge far into thin-walled blood vessels. Dorsal and ven-

tral nerves wholly within outer circular-muscles-layer throughout their

entire course C. patagonica Burger,

/5—Large (14-15 cms.). Brain enclosed in connective tissue cap-

sule. Nephridia do not bulge so far into the thick-walled blood

vessels. Dorsal and ventral nerves anteriorly without outer circular-

muscle-layer; further back break through same...C. mutabilis Mihi.

^If this be true, the fact is interesting because of the soft-bodied nature of the

animal. The annelid Halla ? is knovVn to bore in the till ( Harrington and Grifhn,^

'96), but this animal, unlike the Nemertean, has powerful jaws and a firm exo-

skeleton. Heretofore no Nemertean has been known to bore in so hard a substance

(Mcintosh, '68).
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Metanenmertini.

6. Emplectonema Stimpson, 1857.

1873 Nemertes Mcintosh {jicc Cuvier 1817).

1873 Macronemertcs Verrill.

1890 Eimeinertes Vaillant.

This genus is defined by Stimpson as follows :

** Corpus

longissimum subfiliforme, depressum, proteum. Caput subdis-

cretum, stricturis nullis, fovea longitudinali in utroque margine

antero-laterali. Ocelli plurimi." Later writers (including Mcin-

tosh, Vaillant, and Biirger) have added the following anatomical

characters to the definition. Mouth opens into the rhynchodeum;

proboscis very short ; rhynchocoelom restricted to anterior

third of body ; cerebral organs very small and far in front of

brain ; head gland but rarely reaches to brain.

7. Emplectonema viride Stimpson, 1857.

Stimpson gives the following description of this species in his

Prodromiis : ''Corpus depressum, lineare v. proteum, supra

viride, subtis album. Caput subdiscretum, marginibus albis
;

foveis elongatis bipartitis ; fronte emarginata. Ocellorum acervi

quattuor
;
posteriores distincti, rotundati, ocellis confertis ; an-

teriores marginales juxta foveas, occellis sparsis. Long. 1

1

lat. 0.05 poll. Hab. in portu ' San Francisco ' littoral is inter

lapillos."

The form here referred to E. viride occurs widely distributed

from Puget Sound to Alaska, and shows no local variations,

the same varieties being found in all localities visited. As a

general rule, however, the specimens from the more northern

latitudes are darker in hue.

Length of largest specimen nearly i m., breadth 1-2 mm.,

head spatulate, emarginate in front, not especially marked off

from body, not wider than body.

Three color varieties are common: (i) A slender and

smaller form, very light olive green, (2) a much darker green

form which shows on head and anterior portion of body, a mid-
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dorsal longitudinal line, and one transverse band at neck (fig. 17,

{3), a form almost black and not showing the lines that char-

acterize No. 2. All three varieties agree in the much lighter

ventral portion marked off from darker dor-

sum by sharp line of demarkation. Anterior

and lateral margins of head in all three va-

rieties very light almost white. Eyes nu-

merous, distributed along side of head, on

each side of demarkation-line between light

margin and dark dorsum. The colors keep

1

Fig. 17. Emplectone-

via viride Stimpson.

Showing pattern on

head.
fairly well in alcohol, darkest green, paler,

palest olive, and even bluish varieties

can be distinguished. Some speci-

mens from West Berkeley, California,

became gray in alcohol.

Internal Anatomy very similar to

E. gracile. Mouth opens into rhyn-

chodeum ; cephalic organs some dis-

tance in front of brain ; canals from

cephalic organs run forward to open

ventrally in region of proboscis-pore
;

proboscis-pore^ some distance from tip

of head.

Intestinal caeca do not quite extend

to brain. Central stylet of proboscis

with very long basal portion, two

marginal stylet-pockets are present,

each containing five long curved sty- fig. 18. Empledonevia viride

lets. Ducts from these marginal Stylet and region of proboscis

pockets appear to be dilatable prox-

imally (fig. 18). In some specimens

preserved in alcohol the stylet gland

and basal portion of central stylet are

a bluish green in color and contrast

strongly with the adjoining non-pig-

mented portion of the proboscis.

ac.—anterior chamber, cs.—
Central stylet, dd.—ducts of

marginal pockets, hd.—basal

dilation of same. nis.—mar-

ginal stylets. ;///.—marginal

pockets, b.—basal portion of

central stylet. /.—ejacula-

tory duct. sg.—stylet gland.

rz.—reservoir.

1 In instances like this where the mouth opens into the rhynchodeum the common

opening (" gemeinschaftliche Oeffnung " Burger) will be called proboscis-pore.
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This species very strikingly resembles E. gracilc Johnston. It

may be distinguished by its narrower head with sharply defined

color patterns and general darker hue of body.

Habitat and Distribution. Taken on piles, on and under

stones at Port Townsend, Washington ; Fort Wrangle and Sitka,

Alaska. The type locality (Stimpson) is the bay of San Fran-

cisco. Its range, as so far determined, is then from San Fran-

cisco to Sitka.

8. Emplectonema violaceum Burger, 1896.

Eiuiemertes violacce Burger.

In life this form secretes an enormous amount of slime in which

it lies coiled up in tangled knots. It was found next to impossi-

ble to straighten it out sufficiently for accurate measurement,

but its length was estimated to be at least 50 cms. Broken

fragments in alcohol measure over 30 cms. Shape extremely

flattened, ribbon-like. Head rounded in front, directly contin-

uous with body. Color varies somewhat, though a fairly con-

stant pattern is presented on dorsum, which is densely flecked

with purple or brown upon a pale yellowish brown ground color.

Ventral portion yellowish white. Eyes numerous.

The Internal Anatomy agrees more or less closely with

Burger's ('96) description. It ''does not possess a powerfully

developed head gland. The cerebral organs are very small and

lie very far in front of the brain. Many small eyes are present.

The oesophagus opens into the rhynchodeum." Powerfully

developed integumentary glands are present throughout the

body.

Habitat and Distribution. On piles about Port Townsend,

coiled in a tangled mass, and enveloped in its mucus. The
type specimens of Burger were obtained near Calbuco, on the

coast of Chile. Its range is thus quite extensive.

The great amount and tenacity of the slime proves an

obstacle to its proper preservation, as a coagulation of the

slime apparently hinders the thorough penetration of the al-

cohol.
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9. Amphiporus imparispinosus n. sp.

Length in alcohol, 40—45 mm. Breadth, 1-2 mm. Color.

white.

Fig. 19. Amphipor-

us itnparispinosu^

n. sp.

'Camera lucida, from

living worm un-

der influence of

chloral hydrate

and compressed

under cover slip.

Head in extension hemispherical, broader than body.

Eyes numerous (23 ± on each side), distrib-

uted in two elongated concentric groups along

antero- lateral to lateral margin of head, not ex-

tending behind brain as in Zygonnnertes vircs-

ccns (Verrill) (fig. 1 9). Body widest anteriorly,

tapering off to a slender posterior extremity.

Internal Anatomy. Mouth opens into

rhynchodeum. Cephalic gland not prominent.

Cephalic commissure^ above proboscis-pore.

Cephalic organs in front of brain, dorso-lateral

to ventral ganglia, opposite mouth ; the canals

open ventrally just behind

proboscis-pore. Nephridia

commence behind brain

and open to exterior by

numerous efferent ducts, just dorsal to

nerve-cords. Nephridia cease just behind 2d

or 3d pair of gonads. Intestinal caeca extend

to brain. Apparently no integumentary

glands in body. Rhynchocoelom does not

extend quite to posterior extremity. Central

stylet as long as basal portion, latter con-

stricted in middle (fig. 20). Three marginal-

stylet-pockets, each containing two stylets.

This species is apparently to be distin-

guished from A. dttbiiis Hubrecht, by its

numerous eyes and paler color, and from

A. Grccmnamii Montgomery, by its larger

size, greater number of eyes and distribu-

tion of eyes and color of body.

Habitat and Distribution. On piles

and stones. Port Townsend and Sitka.

•Ri

Fig. 20. Amphiporus i))i-

paripiiiosus n. sp.

Stylet region of proboscis.

Camera lucida from to-

tal preparation. Rs.

reservoir.

^ By cephalic commissure is here meant that connecting the blood vessels an-

.teriorly.
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Fig. 21. Atnphipo-

rusformidabilis.

Free-hand from

living wonn.

10. Amphiporus formidabilis n. sp.

Length in alcohol 9 + cms. Breadth 2 mm. Form and

color as in preceding species except for flesh-colored tinge

anteriorly. Visceral region dull gray. Eyes ver^^ numerous

(ioo-i50=b), distributed in three groups, one

antero-lateral paired group and one median un-

paired group. The latter is V-shaped and situ-

ated just in front of brain, with the limbs directed

backwards and merging into two gray streaks

that extend along each side for a varying distance

caudad (fig. 22).

Internal Anatomy. Mouth opens into rhyn-

chodeum. Head densely packed with cells of

cephalic gland. Cephalic commissure just pos-

terior to proboscis-pore. Cephalic organs in front of brain, op-

posite mouth, canals open laterally behind proboscis-pore. In-

testinal caeca extend to brain. Nephridia open by numerous

efferent ducts, some of which open dorsally, others laterally.

Integumentary glands abundant in anterior portion of body.

Rhynchocoel extends to end of body.

Central stylet shorter than its basal

portion. Marginal stylet-pockets ar-

ranged in a continuous row around the

central stylet. Their number appears to

be either 8 d= or 1 2 d= . Each contains

two stylets.

In number and arrangement of the

marginal stylet-pockets this form bears

close resemblance to A. spiiiosissivms

Burger and A. piignax Hubrecht, but

differs in numerous anatomical points

from A. spinosissiunis, especially in the

position of the excretory pores.

Habitat and Distribution. On piles

of wharves, and on stones and rocks

along with A. impavispiiiosiis and Emplectoncma viridc. Puget

Sound and Alaska.

Fig. 22. AmphipoTiis for-

Diidabilis. Camera lu-

cida from worm under

influence of chloral hy-

drate under cover-slip.
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II. Amphiporus brunneus n. sp.

Length in alcohol of largest individual 3.3 cms. Breadth 5

mms. Color (in life) dark brown or smoky black on dorsum,

greenish or yellowish white ventrally. On each side of neck is

a pale angular spot.

Internal Anatomy. Pro-

boscis - pore subterminal.

Cephalic gland moderately

^.'N-'-T.'- 's*- ''VO '%\ developed. Cephalic organ
'

" /^^A considerably in front of brain.

C^^^AoWl Cephalic canals open oppo-
-^si-^^^-y site mouth. Intestinal caeca

extend almost to brain. An-

terior portion of proboscis

very long ; in ordinary pro-

trusion the stylet-region re-

Stylet region of proboscis. The dotted mains within the everted an-
pockets and stylets filled in diagrammatic- ^^^-^^ chamber. Basal por-
ally, the rest from camera lucida drawmg.

tion of central stylet long,

two marginal pockets each containing two (or three ?) stylets.^

Habitat and Distribution. On piles and rocks about Port

Townsend.

Fig. 23. Amphiporus formidabilis n. sp.

12. Amphiporus angulatus (Fabr.) Verrill?

I have provisionally referred to this

.species a form that occurs (though not

very abundantly) under stones near low-

est low water mark in Sitka Harbor,

Alaska. But two alcoholic specimens

are now available for description.^ It

readily contracts into a thick oblong

mass.

Fig. 24. Aniphiponis brun-

neus. Central stylet. Cam-
era lucida.

1 Rhynchoccel surrounded by a thin circular muscle sheath, within which is a

layer of longitudinal muscles.

2 Owing to these two specimens having been collected too late to be packed with

the rest of the Alaska material, they were placed in the writer's microscope case,

and were therefore saved when the ship went down.
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Length in alcohol, 4-7 cms. Breadth, 5-6 mms. Color

(in life) a reddish purple on dorsum, white ventrally. Head
with prominent marginal white spots at neck.

Internal Anatomy. Cephalic gland fairly well developed
;

proboscis-pore sub-terminal and anterior to cephalic commis-

sure. Cephalic canals enter ventrally and run caudad for some

distance in the epithelium. In the region of the mouth they

break through the circular muscles to reach the cephalic

organs.^

Cephalic organs large, considerably in front of brain. Mouth
opens into rhynchodeum. Dorsal commissure fairly large. In-

testinal caeca short, do not extend near to brain. Anteriorly

the integumentary glands are very abundant ventrally, sparsely

distributed dorsally. Rhynchoccel surrounded by thin sheath

of outer circular and inner longitudinal muscles. In visceral

region gonidial pockets are numerous
; a single section shows

several, distributed dorsally and laterally to the intestine.

Habitat and Distribution. Under stones near lowest low

water mark. Sitka Harbor and Redout Bay, Alaska.

Besides A. brunneiLs there are several other forms that bear a

more or less general resemblance to A, angttlatus^ and are to be

classed among the boreal species. Stimpson's CosmocepJiala

BeringianiLS and C. Japoniais are both believed by Verrill ('92)

to be varieties oi A. angulatus. At Sitka the present writer ob-

tained three quite similar forms (sizes quite different) which seem

to approach A. ajiguiatus. When studied under a lens they

were seen to possess two paired white lines between which, in

two of the forms, the cervical white patches were situated, so

characteristic of A. angulatus. In the third these angular

patches seem to have been absent or represented by a faint

paling of the ground color. Each of the three, with A. angu-

latus seemed to characterize a particular zone of the beach be-

tween high and low water mark.

^ The one specimen sectioned showed an interesting abnomiality in the cephalic

canal and organ of one side (left?). On this side the cephalic organ lay much
further caudad so as to be opposite to the ventral commissure, while its canal forked in

the epithelium, one branch opening dorsally, the other more ventrally. The cephalic

organ of the right side lay considerably in front of brain.

Annals N. Y. Acad. Scl, XI, August 13, 1898— 15.



214 GRIFFIN.

13. Amphiporus drepanophoroides n. sp.

Color red above, white below. Length probably not over

4—5 cms. Form short and stout. Eyes numerous in rows

along antero-lateral margin of head.

Internal Anatomy, Proboscis-pore terminal. Cephalic

gland prominent. Integumentary glands also prominent in

head, all situated ventrally and ventro-laterally. Further back

they commence to thin out (at first in the mid-ventral line) and

disappear completely a short distance behind brain. Mouth

opens into rhynchodeum. Cephalic organs large, anterior por-

tion opposite ventral commissure, closely pressed against brain,

further back they become pushed in between dorsal and ventral

ganglia and extend back of dorsal ganglia. Their canals open

laterally in front of ventral commissure. Differs from all the

preceding Amphiporids in the smallness of the rhynchocoel,

and in having the latter enclosed in a thick muscular sheath in

which longitudinal and circular muscles are interwoven. No
forwardly extending intestinal caeca. Circular muscle-layer

quite thick.

HETERONEMERTINI

.

14. Lineus striatus n. sp.

Owing to loss of all color notes and drawings by shipwreck,

no detailed description can be here given of its appearance dur-

ing life.

Color brownish red on dorsum, sharply marked off laterally

from the much lighter ventral portion. Dorsum marked by

numerous creamy white transverse bands which cease at the de-

markation-line between the dorsal and ventral coloring. Tip of

head brilliant red. Length probably not over 4 cms.

This form seems from the above quite similar to Micnwa fascio-

lata, yet it is at most but one-half the size of the latter, much
flatter, the pattern much sharper and constant, and in all speci-

mens obtained no cirrus was present. For these reasons it must

at present be referred to Lineus.
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Internal Anatomy. Nephridial system with numerous

efferent ducts opening dorsally to the nerve cords. In one sec-

tion two ducts occurred, one sHghtly dorsal to the other.

Habitat and Distribution. Under stones and in sand be-

tween tides, Kihsut Harbor, and Bremerton. Not taken in

Alaska.

15. Lineus sp. —

.

This species, which appears to be new, was found among a

mass of hydroids that had been preserved in formalin. The

single specimen measured 5.2 cms. by 5 mms.
;

it was an entire

worm. Color smoky black with greenish tinge on dorsum,

gray-brown ventrally.

Internal Anatomy. Cutis richly supplied with gland cells

of which two kinds occur, one staining with haematoxylin, the'

other with congo-red. In this respect the cutis is similar to the

epithelium.

Habitat and Distribution. Among hydroids {Diphasiar.

about Port Townsend.

16. Cerebratulus marginatus Renier.

I have referred to this species a smoky black form that occurs

abundantly in the sand between tides at Port Townsend and Brem-

erton. Most of the specimens differed from the Neapolitan form

figured in Burger's monograph, in lacking the white coloration

on the posterior extremity, and the white rims to the cephalic fur-

rows. As the specimens showed variation in this regard, some

approaching quite closely the typical form, and as the internal

anatomy is indistinguishable from that of specimens from Naples,

I have referred this form to C. maj^ginatus.

17. Cerebratulus sp.

Portions of a very large dark form with flesh-colored lateral

margins were obtained. Some of the fragments in alcohol

measure nearly 20 mms. in diameter. In internal anatomy it

seems to approach C. marginatus; the only noticeable point

of difference appears to be that the cephali: slits cease at least
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lo sections (each cut at least 30/>« thick) in front of mouth. In

C. viarginatus they cease in the section in which the mouth
commences.

IV. SUMMARY.

Of the fourteen species treated in the foregoing ; nine appear

to be new and pecuhar to the Pacific coast *of North America
;

two (Emplectonema viridc and E. violacciiui) are already de-

scribed, although likewise peculiar to the west American coast
;

one [AnipJiiporiis angulattis) with three problematical forms are

boreal and are represented on the north Atlantic coast, and one

(^CcrcbraUilus marginattis) is cosmopolitan. Among the forms

peculiar to the west coast are a few that show remarkably close

resemblance to west European forms. Thus Carinella scxlineata

is the Pacific representative of C. siipcrba, while C. rubra resem-

bles C. niiniata. Emplectonema inride is very closely similar to

E. gracile. Lmcits striata resembles Micriira fasciolata} An-
other conspicuous fact is the complete absence of Atlantic

American species, outside of the strictly boreal forms such as

Ampliiportis angidatiis. No banded Carinellas occur on the

east coast^, no Carinoma has as yet been found. The east

coast Amphiporids and Lineids are either unrepresented on the

Pacific or replaced by different species. The noticeable scarcity

of Linens on the west coast is perhaps to be correlated with the

superabundance of different forms of Amphiporns, which appar-

ently replace them functionally.

Zoological Laboratory of Columbla. University,

March, 1898.

1 If it can ever be shown that Z. striata actually does possess the cirrus, and hence

is a micruran, this parallel will be further strengthened.

2 Except the "large Canadian Carinella dredged in the Gulf of St. Lawrence by-

Mr. Whiteaves." Mcintosh '75.
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AN IMPORTANT INSTANCE OF INSECT
COALESCENCE.

Henry E. Crampton, Jr.

(Read March 14, 1898.)

During the winter of 1896—97 the writer performed a num-

ber of experiments upon lepidopterous pupae, in order to ascer-

tain if it were possible to produce a coalescence between two in-

dividuals, or parts of individuals, similar to that obtained by

Born with the embryos of Amphibia. A report upon the re-

sults of these experiments is embodied in the form of a Woods
Holl lecture for 1897. Without going into details, it might

be stated that the two main problems were : first, whether

''grafting," or the production of coalescence, were possible

with lepidoptera ; and second, if such coalescence could be

brought about, whether the colors of one moth could be made

to replace those of another by a transfusion of haemolymph.

The first point was determined successfully in about twenty

cases out of nearly two hundred experiments. The second

point remained undetermined on account of the small number of

successful cases. During the present winter, in the course of a

further series of experiments, numbering at present over 750, one

specimen was obtained which exhibited conditions of exceptional

interest. It is considered worthy of a special notice, as the full

account of the winter's experiments cannot of necessity be pub-

lished for some time.

The case in question (No. 341) consists of a Callosamia

promethea, united "in tandem" anteriorly to a Saviia cecropia.

In an operation of this kind part of the abdomen of the anterior

component is cut away by a transverse section back of the

wing-cases, /. c, between the fourth and fifth abdominal seg-

ments ; the remainder of the pupa is united to a posterior com-

(219)
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ponent which has been deprived by a transverse section of its

anterior part, namely, head, prothorax and the basal parts of the

limb, mouth-part and antenna sacs. The method of keeping

the parts together, by means of melted parafifine applied to the

edge of the common wound, has already been described in a

communication before this section of the Academy at a meeting

last spring. The condition of the pup^ was quite advanced,

owing to their being kept in the warm laboratory from the time

they were procured in November. But, as is often the case, one

of them, the cccropia, was more advanced than the other, and

was, indeed, ready to emerge fully five days before the promctliea.

Only the posterior portion of the pupal case of the former was

removed to permit of the voidance of excreta. When the pro-

vietJica was ready to emerge its pupal case and the remainder

of that of the cccropia were removed. The compound was

supported below a ball of cotton, so that the moths could hang

suspended from it, and thus assume the attitude which is almost

indispensable for the expansion of the wings. Nevertheless, in

spite of all arrangements, the wings of neither component ex-

panded, and the colors, therefore, appear on a reduced scale.

The wings of the cecropia remained soft and evidently in a dis-

eased discolored condition, owing, no doubt, to the prolonged

enforced stay in the pupal cases.

The general appearance of the complex is that of a long

body, provided with two sets of wings and legs. The facts of

special interest are : first, those of the structural conditions
;

and second, those relating to the coloration ; for, although the

cecropia wings show no abnormalities aside from their general

decomposed condition, the wings of the promctliea exhibit some

most remarkable appearances.

First, the structural peculiarities will be noted. These occur

naturally at the region of union between the two components.

From the cecropia were cut away the head, prothorax and

mesothorax in part, and as well the basal parts of the antenna

and palp sacs, and those of the first pair of legs. These parts

are all absent in the metamorphosed complex. In dorsal view

the fourth abdominal segment of the promctliea is united to the
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remains of the mesothorax of the ^ra^^/Zrt by a sheet of regener-

ated tissue which is exactly similar to the hairless bands con-

necting normal abdominal segments. On the ventral side a more

complicated condition appears. There is, of course, the sheet of

regenerated tissue which unites the fourth abdominal segment of

the promcthea to the thorax of the cccropia. To this sheet

of tissue are attached the bases of the coxae of the first pair of

legs, and the femoro-tibial joint of the right one as well. The

second and third pairs of legs and the wings arise normally in

their proper places. The antennae and palps are absent in this

specimen owing to the application of paraffine over the sacs,

thus blocking them off.

It is obvious that this condition has been brought about as

follows : the growing edges of the opened leg-sacs, in regen-

eration naturally grew fast to whatever tissue extended over

them. This tissue was the regenerated band connecting the

bodies of the two components. Development proceeded nor-

mally, each part completing itself as usual, and presenting in

the freed complex the above condition. The reason why the

knee of one limb is also fused is evident when, we consider the

doubled-up nature of the leg -sac. The knee had been involved

in the slightly oblique section.

The color-conditions are by far the most interesting. The
cecropia, as far as can be determined, possesses the normal

specific colors. Portions of tht p7^oincthea wrings, however, pre-

sent the colors characteristic of only the wings ofcecropia.

The promethea, it will be remembered, was a female. In ad-

dition to the pupal diagnostic character—the relatively smaller

size of the antennae—the imago was cut open, and eggs were

taken from the body, so that no doubt remains as to the sex.

There are but few traces in the imaginal wings of the charac-

teristic red-brown of this sex. In detail the colors are as fol-

lows : the upper surfaces of the anterior wings are mixed, buff

and slate. Upon magnification, the scales are seen to contain

only these* pigments. There are few containing the character-

istic reds and browns of a typical prometJiea wing. There is

about the center of the wing a patch of bright red scales similar
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in every way to the patches upon a cccropia wing, and differing

from anything normal upon a promethea wing. The upper sur-

faces of the posterior wings show also the mixed slate and

buff colors. There are no reds or browns, and there is no inner

"red line to the dark border of the wing. Below, the anterior

wings have the anterior portion reddish, the middle part black-

ish, and posterior part red, thus differing not markedly from the

normal. The posterior wings below are reddish, although with

a mixture of buff quite similar to the corresponding normal

pronictJiea wing. The body hairs are a deep reddish purple,

again a nearly normal color.

From these details it will be seen that while the body and

the lower surfaces of the wings present a nearly normal appear-

ance, or at least a condition within the possible limits of specific

variation, nevertheless the upper surfaces of the wings present a

very great departure from the normal, and resemble very closely

the colors of a normal cccropia wing. The latter colors are ap-

parently outside the bounds of possible variation within the

species. And as the body cavity of the cccropia component lies

in this case in open communication with the body cavity of the

promethea, and thus to the wings, it may be inferred, I think,

that the colors in the wings of the promethea which resemble

the normal cccropia colors were produced by the presence and

decomposition of cccropia haemolymph where such colors ap-

pear in the promethea wings.

This experimental production of a transfusion of haemolymph,

and subsequent color-effect of one moth upon another, is a

striking case in support of the conclusions arrived at by A. G.

Mayer from a study of normal phenomena. To the work of

Mayer, and to a lesser degree of some others, we owe our

knowledge that the pigmental colors of Lepidoptera are pro-

duced by the chemical decomposition of the haemolymph in the

empty scale cells. In this case the relatively small amount of

promethea haemolymph was without any effect upon the cccro-

pia ; while the more abundant haemolymph of the cccropia en-

tering the body of the promethea produced, by its presence and

disintegration, the colors of the cccropia in portions of the

wings of the promethea.



INSECT COALESCENCE. '2>'2.^

The above conclusion receives considerable support, and, in

point of fact, confirmation from the results of certain other ex-

periments. In several cases, where a small part of the moth

has been united to a much larger part, the former takes on, in

the imago, the characteristic colors of the major part. One
very striking case in point is one obtained recently. The head

and prothorax, with other minor parts of a polyphemus pupa,

having been removed, the corresponding parts of a cecropia

were supplied. The resulting metamorphosed imago exhibits

an apparently perfect insect. The hairs of the head and thorax

derived from the cecropia^ however, show no trace of the

cecropia color, but are shiny buff, the color of the correspond-

ing parts of a polyphemus. The available haemolymph was, of

course, only that of the polyphemus body, and therefore the

colors were those characteristic of that species.

The foregoing account, reinforced by the other minor results

above mentioned, goes to show, I believe, that it is possible m
some cases to produce a definite color-effect of one moth upon

another, by producing a coalescence between them, thus per-

mitting a transfusion of haemolymph. Why this reciprocal color-

effect obtains in some cases, but not in others, now becomes

the next problem to be investigated.

Columbia University.
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THE NORTHROP COLLECTION OF CRUSTACEA
FROM THE BAHAMAS.

W. M. Rankin.

[Plates XXIX-XXX.]

The Crustacea collected by Professor and Mrs. Northrop in

the Bahama Islands in 1890 were sent to me by Professor

Osborn, with the request that I prepare a report on them. The

following list is the result. Such a list is of necessity largely a

mere catalogue of names, but it is hoped that it may be of ser-

vice in the preparation of a more extensive fauna of the Baha-

mas when such a work shall be undertaken. It has been with

the idea of giving a little wider interest to the list that with each

species the range of distribution has been given, and also the

•West Indian Islands noted where the species has been found,

although this latter record is no doubt incomplete, I hope at

least these notes of distribution may serve as a suggestion for

the fuller record of the distribution of these species among the

West Indies. The synonymy I have made brief, merely citing

the original author and usually a reference to the work where a

complete synonymy may be found.

The letters (^), (^), etc., in many species indicate the various

series of specimens in the collection as they were arranged

originally or, in some cases, sorted out by me after their re-

ceipt. To these series I have fortunately been able to add some

notes made by Professor Northrop when the collections were

made, and recently sent me by Mrs. Northrop.

Among the sixty-seven species collected I have determined

four as new species and one I have ranked as a new variety.

There is also pubHshed for the first time a figure of Stenopiis

Icevis. For the careful drawings of the figures I am indebted to

Mr. R. Weber. I wish to express my obligations to Miss Rath-

(225)
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bun, of the National Museum, for assistance in identifying a few

species ; and also to Dr. Ortmann, of Princeton, who has kindly

assisted me in many ways and to whom this report owes much

of any value it may possess.

DECAPODA.

BRACKYURA-CATOMETOPA,

Family Ocypodidae Ortmann.

I. Ocypode arenaria (Catesby).

Cancer arcnarms Catesby, History of the Carolinas, II, p. 35,

1771.

Kingsley, Proc. Acad. Nat. Sci., Phil., 1880, p. 184.

Ortmann, Z06I. Jahrb., VII, p. 765, 1894.

{a) 5 ^,2 9. Near Nassau, N. P., Jan. 24, '90.

Range : South shore Long Island to Rio Janeiro.

Collected at Cuba, Jamaica, St. Thomas, New Providence.

2. Uca platydactyla (Milne-Edwards).

Gelasimus platydactylus Milne-Edwards, Hist, des Crustaces,

II, p. 51, 1837.

G. Jieterocheles Kingsley, 1. c, 1880, p. 137.

(ci) A- $ . Under sides of stones, Dix Point, near Nassau, N.

P., Feb. 4, '90.

(^) 8 ^, 7 9.

Range : East and west coasts Central America, West Indies.

Collected at Jamaica.

3. Uca vocator (Herbst).

Cancer vocator Herbst. Natur. Krabben u. Krebse, III, pt.

IV, 1804.

Gelasimus vocator Martens; Kingsley, 1. c, 1880, p. 147.

{a) I $ . Bahama Islands.

Range : East coast of America, west coast of Mexico, Pan-

ama, West Indies.

Collected at Bahamas, Cuba, Hayti, Jamaica.
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4. Uca stenodactyla (M. Edwards et Lucas).

Gelasimus stenodactylus, M. Edwards et Lucas in D'Orbigny's

Voyage, 1843.

Kingsley : 1. c, 1880, p. 154. Ortmann : 1. c, p. 760, 1894.

{ct) I $ . Common in mud on west side of Andros Island,

near Red Cays, Apr. 17, '90.

Range : West Indies, Central America, East and West Coasts.

Collected at Cuba.

5. Uca leptodactyla (Guerin MS.).

Gelasimus Icptodactylus Guerin MS. (types in Phila. Acad.).

Gelasimus stenodactylus Kingsley, Proc. Acad. Nat. Sci.,

Phila., p. 155 (part), 1880.

(a) 10 c^
, 5 9. Holes in sand between tides about 5-6 in.

deep, very shy, near Ft. Montagu, Nassau, N. P., Jan. 28, '90.

Some of these specimens were sent to the United States Na-

tional Museum, where they were identified by Miss Rathbun,

and to whom I am indebted for the following note of descrip-

tion :

" Uca leptodactyla belongs to the division of the genus in

which the front between the eyes is broad and the body is short,

broad and subcylindrical. It is most nearly related to U. stenodac-

tyla ; the chief differences are as follows : In U. stenodactyla the

body is much higher than in leptodactyla, being usually higher

than long. The anterior margin of the carapace from the base

of the eycstalk to the antero-lateral angle is much more oblique

in leptodactyla, and the lateral margins are much more convergent

posteriorly. The carapace of leptodactyla is, therefore, more

pentagonal than that of stenodactyla. In stenodactyla the lateral

margin is much dilated behind the antero-lateral tooth, which is

not the case in leptodactyla. The inner surface of the hands

differs as follows : The short ridge on the palm at the base of

the dactylus is perpendicular to the base of the propodos in

leptodactyla ; while it is oblique in stenodactyla. In both species

the tubercular ridge running obliquely upward from the lower

margin makes an angular turn at the middle of the inner surfaces,

and is continued until near the upper margin. In leptodactyla
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this continuation runs parallel to the line of tubercles at the base

of the dactyl us ; in stcnodactyla the continuation is directed

obliquely towards the line at the base of the dactylus."

Family Gecarcinidee Dana.

6. Gecarcinus ruricola (Linnaeus).

Cancer ruricola Linnaeus, Sys. Nat. Ed. lo, I, p. 626, 1758.

Gecarcinus ruricola Leach. Edin. Encyc, VII, 430, 1814.

Ortmann, 1. c, p. 740, 1894.

{a) \ $ . Bahama Islands. (Dry.)

(<^) I $. Nicolstown, Andros Island, March 9, '90, (Dry.)

Range : West Indies, Mexico.

Collected at Cuba, Jamaica, Hayti, Martinique.

7. Cardisoma guanhumi (Latreille).

Latreille, Ency. Meth., Hist. Nat. Insectes, X, 685, 1825.

Ortmann, 1. c, p. 735, 1894.

(ci) \ $ , 19, ^ I, juv. Move sluggishly, make holes in the

ground by side of road under trees, Nassau, N. P., Jan. 25, '90.

Range : East and west coasts of Central America, West

Africa.

Collected at Cuba, Jamaica, Hayti, St. Thomas, Barbadoes.

Family Grapsidae (Dana).

8. Leiolophus planissimus (Herbst).

Cancer pla?tissi?nus Y{Q.Yhs\., 1. c, p. 3, pi. LIX, 1804.

Miers, Ann. Mag. Nat. Hist. Ser. 5, I, 1878, p. 153.

((7) 3 ^ , I 9 . On shore, just south of Ft. Montagu, Nassau,

N. P., Jan. 22, '90.

(b) 2 $ juv. Ocean side of Salt Cay, N. P., Jan. 31, '90.

Range :
** Cosmopolitan, except the colder seas," Ort-

mann.

Collected at Jamaica.
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9. Plagusia depressa (Fabricius).

Cancer depressits Fabricius, Entom. Sys. SuppL, p. 406,

1775.

Miers, Challenger, Brachyura, p. 272.

{a) 2$ . Salt Cay, New Providence. (Dry.)

Range : Charleston to Brazil, Mediterranean to St. Helena.

Collected at Cuba, Jamaica.

10. Sesarma cinerea (Say).

Sesarma ricordi Milne Edwards, Annal Sci. Nat. (3) Zool.

t. 20, p. 183, 1853.

Ortmann, Carcinologische Studien, Zool. Jahrb., Bd. X,

1897.

{a) I 9 with ova. Under side of stones, Dix. Pt., near Nas-

sau, N. P., Feb. 4, '90.

Range : West Indies.

Collected at St. Domingo, Flayti, Jamaica, St. Thomas.

II. Pachygrapsus transversus (Gibbes).

Gibbes, Proc. Am. Ass. Adv. Sci., Ill, p. 182, 1850.

Kingsley, 1. c, 1880, p. 198.

{a) /\.$ (juv.), 3 9 with ova. Nassau, N. P., under stones

Jan., 1890.

Range : Warm and temperate waters of both hemispheres.

Collected at Cuba, Jamaica, Virgin Islands, Barbadoes.

12. Grapsus grapsus (Linnaeus).

Cancer grapsits Linnaeus, Sys. Nat. ed. X, I, p. 630, 1758.

Smith, Trans. Conn. Ac. IV, 1880, p. 256. Ortmann, 1. c,

p. 703, 1894.

(a) 1^,29. Near Nassau, N. P., Jan., '90.

Range : Warm waters of both hemispheres.

Collected at Cuba, Jamaica, Hayti.

13. Goniopsis cruentatus (Latreille).

Grapsus cruentatus Latreille, Hist. Nat. des Crust. VI, p. 70,

1803.

Annals N. Y. Acad. Sci., XI, August 13, 1898—16,
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Kingsley, 1. c, 1880, p. 190. Ortmann, 1. c.,p. 701, 1894.

{a) iS. (Dry.)

. (b) 29. On shore near Nassau, N, P., Jan. 23, '90.

Range : American and African Coasts of the Atlantic ocean.

Collected at Cuba, Jamaica, Hayti.

BRACHYURA-CYCLOMETOPA.

Family Oziidae Ortmann.

14. Eriphia gonagra (Fabricius).

Cancer gonagra Y-d}ox\Q\\i^, Sp. Ins., p. 505, 1781.

Ortmann, 1. c, p. 480, 1894.

{a) \$ . In pools on shore, Nassau, N. P., Jan. 21, '90.

ib) I $ . Dix Pt, near Nassau, N. P., Feb. 4, '90.

(r) \ $ . Salt Cay. Ocean side, near N. P., Jan. 31, '90.

Range : Atlantic coast from Carolina to Rio Janeiro.

Collected at Bahamas, Cuba, Jamaica, Hayti, Barbadoes.

15. Domcecia hispida Eydoux at Souleyet.

Eydoux et Souleyet, Voy. Bonite, I, Crust., p. 235, 1842.

Ortmann, 1. c, p. 478, 1894.

{a) 19, juv.

Range : West Indies, Florida, Cape Verde Islands, Senegal,

Pacific Islands.

Collected at Cuba, Jamaica, St. Thomas, Guadaloupe.

16. Panopeus herbstii Milne-Edwards.

Milne-Edwards, Hist. Nat. Cr., I, p. 403, 1834.

Benedict & Rathbun, Proc. U. S. Nat. Mus., XIV, p. 358,

1891.

id) \$ . Nassau, N. P., Jan., 1890.

Range : Rhode Island to Brazil.

Collected at Bahamas, Jamaica, St. Thomas, Curasao,

Trinidad.
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17. Panopeus occidentalis Saussure.

Saussure, Rev. and Mag. de Z06I. (2), IX, p. 502, 1857.

{a) 19. Near Nassau, N. P., Febr., '90.

if) I $ . On shore near Nassau, N. P., Jan. 22, '90.

Range : Atlantic from S. C. to Brazil.

Collected at Jamaica, Old Providence, Guadaloupe, Curasao,

Trinidad.

18. Panopeus americanus Saussure.

Saussure, Rev. et Mag. de Z06I. (2), IX, p. 502, 1857.

{a) I <?, 49. Near N. P., Bahamas, Jan.-Febr., 1890.

{b) \$ . Onshore, near Nassau, N. P., Jan. 22, '90.

[c) \$ , Nassau, N. P., Febr. 24, 1890, Dix Pt

Range : West Indies to Brazil.

Collected at Jamaica, St. Thomas.

Family Xanthidae Ortmann.

19. Chlorodius floridianus Gibbs.

Gibbs, 1. c, p. 175, 1850.

{a) I 9 • Collected in pools and under stones, N. P., and

neighboring cays.

{b) \$ . Dix Pt, Nassau, N. P., Febr. 24, 1890.

ic) I <? , 2 9 . Near New Providence, Jan.-Feb., 1890.

{a) I J" , 3 9 . On shore near Nassau, N. P., Jan. 22, '90.

Range : Florida to Brazil.

Collected at Jamaica, St. Thomas, Barbadoes.

20. Lophactsea lobata (Milne-Edwards).

Cancer lobatus Milne-Edwards, Hist. Nat. Crustaces, I, p.

375, 1834.

LophactcBa lobata A. Milne-Edwards, Nouv. Arch. Mus.

Hist. Nat, I, p. 249, PL XVI, 1865.

(ci) 19. Quarantine station, Jan. 25, '90.

Range : West Indies, Gulf of Mexico, Bermuda.

Collected at Jamaica and the Antilles.
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2 1. Heteractaea ceratopa (Stimpson).

Pilumnus ceratopits Stimpson, Ann. Lye. Nat. Hist. N. Y.,

VII, p. 215, 1862.

Heteractcea ceratopus Kingsley, 1. c, 1879, p. 396.

{a) 19. Dix Pt, Nassau, N. P., Febr. 24, 1890.

{U) 19. Quarantine station, N. P., Jan. 25, '90.

Range : Florida and West Indies.

Collected at Guadaloupe.

22. Actaea acantha (Milne-Edwards).

Cancer acanthus Milne-Edwards, Hist. Nat. Cr., I, p. 390,

1834.

Actcsa acantha A. Milne-Edwards, 1. c., p. 278, PL XVI,
1865.

[a) 1$. Quarantine station near Nassau, N. P., Febr. 10,

1890.

Range : Florida Keys, West Indies.

Collected at Jamaica, Guadaloupe.

PORTUNINEA.

Family Portunidae Ortmann.

23. Callinectes larvatus Ordway.

Ordway, Boston Jour. Nat. Hist., VII, p. 573, 1863.

Rathbun. The genus Callinectes, Proc. U. S. Nat. Mus.,

XVIII, p. 358, 1896.

(a) i^, 19, spur. juv. On shore, just south of Ft. Mon-
tagu, Nassau, N. P., Jan. 22, '90.

Range : Florida to Brazil, West Indies, Cape Verde Islands,

Africa.

Collected at Bahamas, San Domingo, Jamaica, St. Thomas.

24. Callinectes tumidus Ordway.

Ordway, 1. c, p. 574, 1863.

Rathbun, 1. c, p. 359, 1896.
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(a) \$. Nassau, N. P., Jan. 21, 1890, common in shoal

water.

Range : Florida to Brazil, ^est Indies.

Collected at Jamaica, Hayti, Old Providence.

25. Acheloiis depressifrons Stimpson.

Amphitrite depressifrons Stimpson, Ann. Lye. Nat. Hist. N.

Y., VII, p. 58, 1862.

Achelous depressifrons Stimpson, ibid., p. 223.

id) 19. Quarantine station, N. P., Jan. 25, '90.

Range : South Carolina to Florida, Bermuda, West Indies.

Besides this specimen from New Providence, the Princeton Mu-
seum possesses one from the Virgin Islands ; the only two

localities reported from the West Indies.

26. Achelous ordwayi Stimpson.

Stimpson, Notes on N. Am. Crustacea, Ann. Lye. Nat.

Hist, N. Y., p. 224, 1862.

Smith, Trans. Conn. Acad., II, p. 9.

{fi) \ $ . Quarantine station, N. P., Jan. 25, '90.

(b) 19, with ova. Dredged near Nassau, N. P., Jan. 22, '90.

Range : Florida and West Indies.

Collected at St. Thomas.

27. Achelous tumidulus Stimpson.

Stimpson, Bull. Mus. Comp. Z06I., II, p. 149, 1870.

(a) \$ . Dredged near Nassau, N. P., Jan. 22, '90.

Stimpson describes two specimens from the coast of Florida.

The species is probably only the young of A. ordwayi, as it

only differs from the latter (as noted by Stimpson) in the less

prominent frontal spines.

MAIOIDEA..

Family Periceridae Miers.

28. Macrocceloma eutheca (Stimpson).

Pericera eutheca Stimpson, Bull. Mus. Comp. Z06I. II, p. 112,

1870.
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Rathbiin in Proc. U. S. Nat. Mus., Vol. XV, No. 901, p. 251,

1892.

(^) I 9 . Dredged near Nassau, N. P., Jan. 22, '90.

Range : Florida, West Indies.

Collected at Cuba.

29. Microphys bicornutus (Latreille).

Pisa bicorjtiita Latreille, Encyc. Meth., Hist. Nat. Insectes, X,

p. 141, 1825.

Microphys bicornutus, A. Milne-Edwards, Nouv. Arch. Mus.

Hist Nat., VIH, p. 247, 1872.

Rathbun, 1. c. (No. 901), p. 253.

(<^) 2 ^ , 5 9 . Common under rocks between tides and in

pools, N. P., Jan., '90.

{b) I $. Quarantine station, N. P., Jan. 25, '90.

(r) I 9 . Nassau, N. P., Jan., '90.

{d) I $ . On shore near Nassau, just south of Ft. Montagu,

Jan. 22, '90.

(c) I 9 juv. "Sea gardens," near Nassau, N. P., Febr., '90.

(/) I $ ,
juv. Ocean side of Salt Cay, Febr. 6, '90.

{g) I $ ,
juv. Nassau, N. P., Febr. 15, '90.

[h) I 9 juv. Salt Cay, N. P., ocean side, Jan. 31, '90.

Range : Florida, West Indies to Brazil, Bermuda.

Collected at numerous islands of the West Indies.

30. Othonia aculeata (Gibbes).

Hyas aculeata Gibbes, 1. c, p. 171, 1850.

Rathbun, 1. c, p. 255, 1892.

{a) 1$ . On shore just south of Ft. Montagu, Nassau, N.

P., Jan. 22, '90.

Range : Florida and West Indies.

Collected at Cuba, Bahamas, Jamaica, St. Thomas, Guada-

loupe.

31. Othonia Iherminieri Schramm.

Schramm, Crust, de la Guadaloupe, 20, 1867.

(^) I ^, 2 9 . On shore near Nassau, Jan. 22, '90.
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The three specimens in the collection are broken and im-

perfect. I place them doubtfully in this species.

Range : Atlantic coast ; S. C. to Brazil.

32. Mithrax pilosus Rathbun.

Rathbun, 1. c, p. 262, PI. XXXIX (No. 901), 1892.

{a) I $ . Near New Providence, Jan., '90.

{b) 2 $ (fragmentary). Salt Cay, ocean side, New Provi-

dence, Jan. 31, '90.

Miss Rathbun's four specimens were collected in Abaco,

Bahamas.

-^T^. Mithrax cinctimanus (Stimpson).

MitJiracidiis cinctivianus Stimpson, Ann. Lye. Nat Hist. N.

Y., VII, p. 186, 1862.

Rathbun, 1. c, p. 268 (No. 901), 1892.

{a) 19. Dix Pt., Nassau, N. P., Febr. 24, '90.

(^) I ^ . Quarantine station, N. P., Jan. 25, '90.

(c) I 9 (broken). Near Nassau, N. P., Febr., 1890.

(d) I 9 (juv.). Nassau, N. P., Jan. '90.

Range : Florida coast. West Indies, Gulf of Mexico.

Collected at Andros island, Jamaica, St. Thomas, Guada-

loupe.

34. Mithrax forceps (A. Milne-Edwards).

Mithraailiis forceps A. Milne-Edwards. Miss. Sci. au Mex-
ique, pt. 5, I, p. 109, 1875.

Rathbun, 1. c, p. 267 (No. 901), 1892.

(<?) 6 9 , mostly young. Ocean side of Salt Cay, Febr. 6, '90.

(^) I $ fragmentary. Nassau, N. P.

{c) 39. "Sea gardens," near Nassau, N. P., Febr., '90.

{d) \ ^,29 juv.

Range : From North Carolina to Brazil and Guiana.

Collected at Nassau, Bahamas, Old Providence, St. Thomas,

Curasao.

35. Mithrax sculptus (Lamarck).

Maia scidpta Lamarck, Hist. Anim. sans Vert., V, p. 242,

1818.
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Rathbun 1. c. (No. 901), p. 271, 1892.

{a) \ $ , I 9 . Quarantine station, N. P., Jan. 25, '90.

Range : Florida, West Indies to Venezuela, Surinam.

Collected at numerous localities in the West Indies.

36. Mithrax coronatus (Herbst).

Cancer co7'onat2ts Herbst, Natur. der Krabben u. Krebse., I, p.

184, PL XI, fig. 63, 1785.

Rathbun, 1. c. (No. 901), p. 272, 1892.

{a) I $ . Salt Cay, ocean side, near New Providence, Jan. 3,

'90,

(^) I $ juv. Ocean side of Salt Cay, Febr. 6, '90.

Range : P'lorida, West Indies, Central America, Brazil.

Collected at Abaco, Bahamas, Jamaica, Cuba, St. Thomas,

Guadaloupe.

Family Inachidae Miers.

37. Acanthonyx petiverii Milne-Edwards.

Milne-Edwards, Hist. Nat. Crust., I, p. 343, 1834.

{a) I 9 broken. Under rocks, between tides and in pools.

Nassau, N. P., Jan., '90.

Range : West Indies to Brazil and California to Chili ; Gala-

pagos.

Collected at Cuba, Jamaica, St. Thomas, Guadaloupe, Mar-

tinique.

DROMIIDEA.

Family Dromiidfie Dana.

38. Dromidia antillensis Stimpson.

Stimpson, Notes on N. Am. Crust., Ann. Lye. Nat. Hist.

N. Y., VII, p. 71, 1859.

{a) I 9. Nassau, N. P., Febr. 15, '90.

Range : Florida, West Indies, Brazil.

Collected at Antilles, Jamaica, St. Thomas.
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HIPPIDEA.

Family Hippidae Stimpson.

39. Remipes cubensis Saussure.

Saussure, Rev. Mag. Z06I. (2), IX, p. 503, 1857.

Ortmann, Die geog, Verbreit. der Decap. gruppe der Hip-

pidea, Z06I. Jahrb., IX, p. 219, 1896.

Remipes sciitellatiis (Fabricius), Henderson, Chall. Anomura,

p. 38, 1888.

{a) 199 (with ova). Beach at Nicolstown, Andros Island,

Apr. 4, '90.

{6) 2^,99. Quarantine station near New Providence, Jan.

25, '90.

ic) 19. Nassau, N. P., Jan., 1890.

Range: "American and African shores of Atlantic," Ort-

mann (1. c. supra).

Collected at Cuba, Jamaica, St. Christophers, Barbadoes.

GALATHEIDEA.

Family Porcellanidae Henderson.

40. Porcellana sayana Leach.

Pisidia sayana Leach. Diet. d. Sci. Nat., XVIII, p. 54, 1820.

Porcellana ocellata Gibbes, 1. c, p. 190, 1850.

Henderson, Challenger, Anomura, p. 109, 1888.

{a) \ $ . Came out of a shell inhabited by a large hermit

crab. Nassau, N. P., Jan. 26, '90.

Range : West Indies and Southern shores of U. S.

Collected at Antilles, Jamaica, St. Thomas.

41. Pachycheles panamensis Faxon.

Faxon, Mem. Mus. Comp. Z06I., XVIII, p. 75, Tab. 15,

1895.

Ortmann, Z06I. Jahrb., X, 1897, p. 293.

{a) 1^,29. Ocean side of Salt Cay, Febr. 6, '90.
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Size of <J 5 ^ mm. long, 5 mm. broad ; of 9 5 mm. long,

6 mm. broad. These specimens have been kindly examined for

me by Dr. Ortmann, who finds them identical with Faxon's

type from Panama, and also very close to the Cape Verde P.

hai'batiis A. Milne-Edwards. This is the first recorded speci-

men of P. panaincnsis from the West Indies.

42. Petrolisthes armatus (Gibbes).

Porcellana armata Gibbes, 1. c, p. 190, 1850.

Petrolisthes annatiis Stimpson, Ann. Lye. Nat. Hist., N. Y.,

VII, p. 7^, 1862.

Ortmann, Z06I. Jahrb., X, 1897, p. 280.

{a) I S , 19. Ocean side of Salt Cay, Feb. 6, '90.

Ortmann (1. c. supra), gives full synonymy of this species and

makes its distribution circumtropical ; West Indies to Brazil,

Gibraltar, California to Panama, Indo- Pacific.

Collected at Cuba, Jamaica, St. Thomas, Barbadoes.

43. Petrolisthes tridentatus Stimpson.

Stimpson, Ann. Lye. Nat. Hist., N. Y., VII, p. 75, PL I,

1859-

{a) I $ . Alons: shore, near Nassau, N. P, Feb. 20, '90.

(/;) 2^^,59. Salt Cay, N. P., ocean side, Jan. 31, '90.

(r) 2 (?,i 9 . Under sponges, Nassau, N. P., Jan. '90.

Range : West Indies.

Collected at St. Thomas, Barbadoes.

PAGURIDEA.

Family CcBnobitidae Dana.

44. Coenobita diogenes (Latreille).

Milne-Edwards, Hist. Nat. Crust., II, p. 240, PL 22, 1837.

(^a) 2$. Nicolstown, Andros Island, March 23, '90.

{b) 2$ , 19. Nassau, N. P., Jan. 16, '90.

{c) 29. On beach. Quarantine station, near Nassau, N. P.,

1890.
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{d^ I 9 ,
juv. In pools and under stones, New Providence and

neighboring cays.

Range : Florida to Brazil, West Indies, Bermuda.

Collected at Antilles, Cuba, Jamaica, Hayti, Turks Island,

St. Thomas, Barbadoes.

Family Paguridae.

45. Petrochirus granulatus (Olivier).

Pagunis gramilatiLS Olivier, Encyc. Meth., VIII, p. 640, 181 1.

Henderson, in Challenger, Anomura, p. 58, 1888.

('') 3 <? •

(^) I <?
, I 9 . In shell of Strombiis gigas, Nassau, N. P., Jan.

26, '90.

Range : West Indies, Gulf of Mexico to Brazil, Cape of

Good Hope.

Collected at Antilles, Cuba, Jamaica.

The common large West Indian hermit crab.

46 (?) Clibanarius vittatus (Bosc).

Pagurns vittatus Bosc. Hist, des Crust., II, p. 8, pi. XII, 1802.

Kingsley, Proc. Acad. Nat. Sci. Phil., p. 236, 1878.

[a) I $ imperfect. In small shell of Stroinbiis gigcis, beach

near Nassau, N. P., Jan. '90.

ip) I (?) fragmentary. Near Nassau, N. P., Febr. i, '90.

Range : Fort Macon to Florida, West Indies, Brazil.

I refer these imperfect specimens doubtfully to this species.

The chelae are wanting in {ci), and (p) is too much broken to be

of any value in the determination.

47 (?) Clibanarius tricolor (Gibbs).

Pagiirus tricolor Gibbes, Proc. Amer. Assoc, p. 189, 1850.

{a) several specimens.

{p) \ $ . South side New Providence, in small shells of

Strombus gigcis.

The determination is doubtful, as the specimens are very poor

and have almost entirely lost their color. They are all with-

drawn into the shells of various littoral mollusks.
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Family Parapaguridae Smith.

48. Parapagurus sp.

{a) 29. Dredged, Jan. 22, '90, Nassau, N. P.

Length of thorax 3 and 5 mm. respectively.

I refer these imperfect, colorless specimens doubtfully to

some species of Parapagurus.

LORICATA.

Family Panuliridae Bate.

49. Panulirus argus (Latr. ).

Palinnrits argus Latr. Milne-Edwards, Hist. Nat. Crust., II,

p. 300, 1837.

{a) 1^,19. New Providence, Jan. 27, '90. Holes in sand

between tides, about 5-6 in. deep, ** very shy."^

(/?) I 9. Nassau, N. P., Jan., 1890. (Dry.)

Range : West Indies to Brazil.

Collected at Antilles, Cuba, Jamaica.

STENOPIDEA.

\ Family Stenopidae Bate.

50. Stenopus hispidus (Latreille). (PI. xxix, Fig. i.)

PalcBinoii hispidus Olivier, Encyclop,, VIII, p. 666, 181 1.

Stenopus hispidus Latreille, Regne animal de Cuvier, ed 2,

IV, p. 93.

Bate, Challenger, Macrura, p. 211, PL XXX.
Herrick, The Life History of Stenopus, Nat. Acad, of

Sciences, Vol. V, p. 339.

(a) I $ . Nassau, N. P., Jan. 22, '90. In life the antennae

are carried in front, not bent back.

I note the characters of special importance in order to com-

J This label is marked as doubtfully belonging to this specimen.
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pare this already described species of Stcnoptis with the two

species following. Rostrum with a median dorsal row of 6

spines bifurcated at extremity, a lateral row of 3 or 4 spines on

each side of rostrum ; no ventral spines. Back of the sixth

dorsal spine a double row. Rostrum does not reach to end of

peduncle of inner antennae. Carapace of thorax very rough,

with firm, sharp spines which are longer on the dorsal than on

the lateral regions. Abdomen thickly armed with outwardly

projecting spines. Third pereiopod long, abundantly armed

with spines. The propodos with six rows above and below

and two on each lateral surface.

Measurements: Total length 50.5 mm., length of cephalo-

thorax 16.5 mm., of abdomen 34 mm., of rostrum 6 mm., of

telson 9.5 mm.
Unless the Eastern form should prove distinct from the West

Indian, we have a widely distributed species occurring in the

warm waters of both hemispheres. It has been reported from :

Indian ocean (Olivier), Australia (Peron and Lesneur), Borneo

and Philippines (Adams and White), South Pacific (Dana),

Amboina (DeMan), Fiji Islands and Bermuda (Bate), Cuba
(Von Martens), Bahama Islands (Herrick).

I introduce a figure of this specimen (PI. xxix, Fig. i), al-

though not a new species, in order to compare it with the two

following species, figures of which have not yet appeared.

51. Stenopus semilsevis Von Martens (PI. xxix, Fig. 2).

Von Martens, Ueber Cubanische Crustaceen, Arch, f Natur-

gesch., Bd. 38, p. 144, 1872.

{a) \ $ , I 9 with ova. Under large sponge. New Provi-

dence, Jan., '90.

My specimens correspond very closely, except in certain

minor particulars noted below, with the description given by Von
Martens of a species ''probably from the West Indies," which

he found undescribed in the Berlin Museum and which he called

6". semilcBvis.

Von Martens' description (1. c, supra) I reproduce: "Cephalo-

thorax spiny ; abdomen smooth ; rostrum short, not longer
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than the peduncle of the inner antennae, compressed laterally

and prolonged as a ridge nearly to the sharply marked cervical

furrow, above with four teeth, below teeth wanting. Carpus of

third pair of pereiopods quadrangular as in 5. hispidiis, but the

chelae compressed, with smooth sides and not so long ; chelae,

including the dactyl, twice as long as broad ; the upper margin

sharper than the under and smooth, the under serrated. The
dactyl halfas long as the palma ; the back of the dactyl keeled,

serrated. Length from tip of rostrum to tip of telson 12 mm.
Length of third pereiopod 13 mm. Breadth of chela 3 mm.
The fourth pereiopod shorter than third."

I note the following peculiarities in my specimens : Dorsal

surface of rostrinn zvith six teeth ; the fourth and sixth have each

a minute subsidiary tooth. * Ventral surface with a single, not

very prominent tooth. Both margins of the chelae of the third

pereiopods very finely serrated, a rather prominent keel on the

upper margin. The third pereiopod of the right and left sides

similar. Telson spiny. The large specimen ( 9 ) is 15 mm.
long, the $ slightly smaller. Length of chelae in 9,6 mm.,

breadth, 2.5 mm.
Not having the opportunity of comparing the Bahama speci-

mens with Von Martens' type I prefer to consider these slight

variations as possibly due to imperfect description, and to place

my specimens, provisionally, at least, with Von Martens' species.

wS. seniilcevis differs from ^. hispidns mainly in the teeth of

rostrum, the shorter rostrum, the proportionately shorter and

thicker hand, the less spiny carapace of cephalo-thorax and the

smooth abdomen.

52. Stenopus scutellatus n. sp. (PI. xxix, Fig. 3).

[a) I (?) $ . Under coral, near low water. Silver Cay, N. P.

Total length from tip of rostrum to tip of thorax 18 mm.
Length of rostrum 3 mm., of cephalo-thorax 7 mm.

Rostrum has a single row often spines on median dorsal line;

back of the tenth a double row of three spines extend to

the cervical furrow. On median ventral line of rostrum are six

spines ; no lateral spines on rostrum. Rostrum longer than in
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5. hispidiis, extending beyond the peduncle of inner antennae.

Whole surface of carapace covered with delicate spines obscurely

arranged in rows ; usually curved forward, with a somewhat re-

flexed tip. Spines on dorsal surface of first two abdominal seg-

ments short and straight in a double row pointing forwards ; on

third segment several rows, stouter, pointing outwards ; on the

fourth, fifth and sixth segments spines are longer, pointing back-

wards. In the middle of the posterior portion of the tergum of

the third abdominal segment there is a polished, slightly ele-

vated, shield-shaped area, with crenulated margins, about i mm.
in length. The median tergal region of fourth segment is

smooth and polished, surrounded by a row of appressed spines,

the same being true to a less extent of the fifth segment. I

have taken the specific name from this peculiar scutellar area on

the third abdominal segment. This feature -seems to corre-

spond to a triangular but less prominent area on the similar

segment in S. hispidits which is prolonged into a smooth dorsal

ridge on the next segment.

Telson lance-shaped, with a double row of spines between

which is a longitudinal groove about as long as the uropodal

lamellae, which are finely serrated on their margins, and, as the

telson, fringed with stiff hairs.

Eyes on short peduncles which are armed above with three

short spines projecting over the cornea, and with a few spines

at the anterior margin. Cornea (in alcoholic specimen) bluish-

black. Inner antennae
;
peduncle with a few weak spines at

distal end of segments. Outer antennae
;
peduncles with strong,

forwardly projecting spines. Scale lined on inner margin with

long, closely set hairs and prolonged into a ciliated bristle.

Flagella more than twice the length of body. Third maxillipedes

when extended reach a little further than extremity of rostrum
;

the three distal segments about equal in length.

First pair pereiopods wanting in my specimen. Second pair

slender, chelate, segments of equal length. Third pair of similar

proportions to those in 5. hispidiis ; chelae 7 mm. long
;

pro-

podos laterally compressed and somewhat triangular in cross

section, broad above
;

on the dorsal margin a double row of
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eleven spines each, on the ventral margin a single row of nine

spines ; two or three rows of minute spines on lateral surfaces.

A number of long, soft hairs over the fingers, especially at the

tips. Hands of the two chelapods similar in size. Carpus and

ischium together about equal to propodos, each armed with

rows of spines. Fourth pair long and slender
; dactylus bifid

;

propodos slightly spiny, one-half length of carpus. Caipus

and propodos obscurely articulated. Fifth pair pereiopods un-

developed. Pleopods biramous, except first, with two or three

spines each on the protopodite.

From the single specimen at my disposal I would compare

this species with 5. liispidus as follows : Rostrum proportion-

ately longer (nearly ^ length of cephalothorax, in ;/. sp. (^ in

Jiispidits), longer than peduncle of inner antennae. Six ventral

teeth {Jiispidus none), no lateral teeth, single dorsal row of ten

teeth {Jdspidus six). Flagella of outer antennae fully twice the

length of body; proportion 2:1 for n. sp.^ 7:5 for Jdspidus.

Tergum of third abdominal segment with shield-shaped area.

Third maxillipedes proportionately shorter than in Jdspidtis.

Spines on cephalothorax equally long, but less rigid than in

hispidiis, giving in general a less thorny character to the new

species.

EUCIPHIDEA.

Family Palaemonidae Bate.

53. Palsemon savignyi (Bate).

Brachycarptis savignyi Bate, Challenger, Macrura, p. 795, PI.

129, 1888.

Ortmann, Z06I. Jahrb., Bd. V, p. 727.

(a) I specimen. Near Nassau, N. P., Febr., '90.

(p) I specimen. Nassau, N. P., 1890.

(6) 5 9 with ova. Nassau, N. P., 1890.

Bate's specimen was from Beimuda, '* in shallow water."

" This is the most northern limit of genus Palaemon," Ort-

mann.

The species has not been described from any other localities.
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54. Leander northropi n. sp. (PL xxx, Fig. 4).

{a) I specimen. Nassau, N. P., Jan., 1890.

A single specimen with a total length of 30 mm. Length

of cephalothorax to tip of rostrum 11.5 mm.
Cephalothorax Avith small tooth below orbit and a very

minute tooth below this and a little back from the anterior

margin on the lateral surface.

Length of rostrum to posterior end of orbit 7 mm., slightly

curved upwards toward apex. Ten teeth above, /<?2/r below ; the

first dorsal tooth forms with the tip of rostrum a bifid extremity.

A long interval between first and second tooth ; interval between

second and third one-third the length of that between first and

second ; fourth, fifth and sixth teeth follow at slightly diminish-

ing intervals, the sixth being over the posterior part of orbit of

eye. SeventJi, eigJith and ninth teeth close together, posterior to

orbit of eye.

The first ventral tooth is a little in front of second dorsal,

second ventral below second dorsal ; third and fourth at equal

intervals between second ventral and orbit of eye.

Inner antennae : Peduncle reaches beyond second ventral

tooth of rostrum
;
proximal segment about equal to the two

distal. Upper flagellum bifid ; united proximal portion of i 4
segments ; the shorter branch has 1 2 segments ; united there-

fore for more than half its length. The longer branch reaches

beyond the undivided flagellum.

Outer antennae : Scaphocerite with lamellar portion slightly

longer than spinose, reaches beyond first ventral tooth of ros-

trum ; flagellum exceeds the length of the body.

Third pair maxillipedes reach to end of peduncle of inner an-

tennae.

First and second pereiopods : Long, slender and chelate
;

second longer than first
; chela in second as long as carpus.

Third and fourth pereiopods terminate in claws.

Pleopods, biramous, setose. Telson, lanceolate, 4 mm.
long, noticeably shorter than uropods, distal extremity with

two sharp spines. Outer uropod imperfectly divided trans-

versely, the proximal division ending in a lateral spine.

Annals N. Y. Acad. Sci., XI, August 13, 1898— 17.
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This species is allied to L. petithiga F. Muller, from Brazil

(see Ortmann, Revista do Museu Paulista, II, p. 191, 1897) and

to L. viaadaUis Thallwitz (Abh. Mus. Dresd., Ill, p. 19, 1891)

from West Africa.

I am indebted to Dr. Ortmann for the preparation of the fol-

lowing table, which exhibits the relationship :

L. maculatus.

_ f 12-13 segments united
Inner antennae ^ „ ^

( 5 segments free.

64- 1
f

I posterior
Teeth of rostrum

3 ( to orbit.

L. northropi.

14 segments united

12 segments free.

94-1 [ 4 posterior

4 I
to orbit.

L. petitinga.

[ 9 segments united

( 20 segments free.

6-j-l f I posterior

5—6 I to orbit.

Family Hippolytidae Ortmann.

55. Tozeuma carolinense Kingsley.

Kingsley : Proc. Acad. Nat. Sci. Phila., p. 90, 1878,

(a) I 9. with ova. Dredged in about 16 ft. Near Quaran-

tine station, Jan. '90.

Kingsley's specimens are from Fort Macon and Beaufort, N.

C, and Charlotte Harbor, Fla.

Measurements of Bahama specimen : total length 41 mm.,

rostrum 12 mm., cephalothorax (without rostrum) 7 mm.,

abdomen 22 mm.

Family Alpheidae Bate.

56. Alpheus edwardsii (Audouin).

Athanas edwardsii Audouin; Planches de la descrip. de

I'Egypte par M. Savigny, Crust., PI. X, fig. 10, 18 10.

Bate, Challenger, Macrura, p. 542, 1888.

(a) 4 specimens. Near Nassau, N. P., along shore, Febr. 20,

'90.

(6) I specimen. Nassau, N. P., Jan., '90.

(f) 3 specimens. Under coral and in pools between tides,

New Providence.
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(d) I specimen. Under coral and in pools between tides,

Nassau, X. P., Jan., '90.

{/) 2 broken. Near Nassau, N. P., Febr., '90.

The distribution of this species is circumtropical.

57. Alpheus hippothoe, De Man.

var. bahamensis, n. var. (PL xxx, Fig. 5).

{a) 24 specimens. Under coral and in pools between tides,

New Providence.

{b) 3 specimens, one with ova. Nassau, N. P., Jan., '90.

(c) 2 specimens, one with ova.

This species is most closely allied to the variety edainensis of

Alpheus hippotJioc De Man, from the Bay of Bengal and Indian

Archipelago (Arch, de Naturg., Bd. 53, p. 518, 1887). I am
indebted to Dr. Ortmann for a communication from Prof. De
Man comparing specimens from my material with his own hip-

pothoe. As there are certain differences between the West and

East Indian specimens I propose to make a new variety for the

West Indian.

Total length from rostrum to telson, largest 24 mm., smallest

I 5 mm. Rostrum reaches nearly to end of first segment of in-

ner antenna, sharp, laterally compressed, prolonged backwards

as a distinct keel. Between keel and the prominent eyes a

rounded depression. No ocular spines.

Inner antennae : First joint of peduncle with small spine on

outer surface ; second joint nearly twice the length of proximal
;

terminal joint one-half the length of second. Shorter flagellum

about the length of peduncle. Longer flagellum slender, about

thrice the length of shorter.

Outer antennae : Peduncle a little longer than that of inner,

small spine on basal joint. Flagellum one third longer than

long ramus of inner antenna, spinose portion of scaphocerite a

little longer than the peduncle. Flabellar portion (scale) a

trifle shorter ; not quite so long as the peduncle.

Third pair of maxillipedes do not reach beyond end of

peduncle of the outer antenna.

First pair pereiopods : Large chela of largest specimen has a
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length of 1 8 mm., of smallest specimen 8 mm. The large chela

has a somewhat quadrangular depression on the outer surface,

the distal end of which is continued upwards into a well-marked

depression on the dorsal margin and extends backward as a

groove along the inside of the dorsal surface. A distinct, but

less marked depression on the ventral margin. Inner surface

of the hand slightly hairy, outer surface nearly smooth. Fingers

contorted, color in alcoholic material pale blue. Movable finger

slightly longer than thumb. In the small chelapod, which may
be on the right or left side, the finger is one-third the length of

palm. Carpus of chelapods short. Meros triangular in section
;

ends distally in a sharp spine on the outer and inner angle.

Distal end of meros reaches to end of peduncle of outer an-

tennae.

Second pair of pereiopods very long. Distal end of meros

reaches beyond antennal peduncle. First and second joints

of carpus sub-equal, each a little longer than third and

fourth together. Third and fourth sub-equal. Fifth about

two-thirds length of first ; equal in length to fourth and fifth

together. Finger about one-half length of thumb. (Fifth

joint a little too short in figure.)

Third and fourth pereiopods short and stout, not quite reach-

ing to distal end of meros of second. Length of meros less

than three times its breadth. Carpus one half length of meros.

Both carpus and meros with spines on loiuer margin of distal end.

Propodos serrated on posterior surface.

Fifth pair of pereiopods shorter and more slender. Telson

with median furrow. Two small spines on either side of furrow.

Outer plate of uropod minutely serrated on end. A sharp spine

on its outer distal angle.

Principal variations from A. hippothoe—
In new variety : Peduncle of outer antennae longer than that

of inner. Lamellar portion does not reach end of peduncle.

Third maxillipedes do not reach beyond antennal peduncle.

Relative lengths of carpal joints of second pereiopods differ.

Variations from var. edamensis—
Finger of small hand shorter than palm (longer in eda-
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mensis). A quadrangular rather than a triangular depression

on side of large hand.

First joint of carpus of second pereiopod is equal in length to

second (shorter in cdamensis). Third and fourth pereiopods

less broad than in edaineiisis.

58. Alpheus websteri Kingsley.

Kingsley, Proc. Acad. Nat. Sci. Phil., p. 416, 1879.

id) 3 specimens, one with ova. Along shore, near Nassau,

N. P., Febr. 20, '90.

(b) 2 specimens, one with ova. Nassau, N. P., Jan. 10, '90.

(c) 3 specimens, fragmentary. Nassau, N. P., Jan. 10, '90.

Kingsley's type specimens were from Key West ; it has been

reported by Herrick from Nassau, N. P.

A. ivebsteri is very probably the same as A. formosiis Gibbs

(Proc. Amer. Ass. Ad. Sci., p. 196, 1850). The descriptions

apparently tally, though Gibbs makes no mention of the small

black spine on the uropod which is mentioned as a character-

istic feature by Kingsley and which is very evident in my speci-

mens.

59. Alpheus nigro-spinatus n. sp, (PI. xxx, Fig. 6).

{a) Two specimens. Under coral and in pools between tides.

New Providence.

Carapace compressed. Rostrum short, acuminate, no longer

than spines of ocular hoods
; extended backwards as a ridge

between the eyes, from each of which it is separated by a

rounded depression. Spines of ocular hoods short, acuminate.

The front of carapace is thus marked by three, nearly equal,

small spines. Inner antennae : Basal segment of peduncle with

small spine (stylocerite) ; second and third segments, no spines

but scattered hairs ; second segment a little more than twice as

long as the terminal ; outer flagellum stouter and shorter than

the inner. Outer antennae : Outer angle of the basal joint of

peduncle with a sharp, short spine ; scaphocerite broad at base,

outer margin produced into a strong spine which is longer than

the inner, lamellar portion ; distal end of terminal segment of
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peduncle reaches to tip of scaphocerite. Third pair of maxilH-

pedes reach about to the end of shorter flagellum of inner an-

tennae ; strongly tufted with hair.

First pair of pereiopods : Larger hand much inflated, a

slight, but distinct constriction on the upper margin near the

articulation of the dactylus, and a deep constriction on the

lower margin. Thumb contorted ; a groove on the outer

margin, the inner surface thickly covered with hairs and punc-

tate. Dactylus contorted ; extends slightly beyond thumb

;

inner surface with tufts of hair. Small hand (which on the

one specimen is left, the other right) has a longer and more

slender dactylus and thumb. Length of large hand i6 mm.
;

breadth 6.5 mm. Length of small hand 9 mm.; breadth 4 mm.
Second pair of pereiopods : Carpus five-jointed, proximal

segment the longest, slightly longer than the second and

third together ; second and fifth segments each a little longer

than one-half the length of first
; third and fourth the shortest,

subequal. Posterior pereiopods ; meros without spines. Tel-

son broadly triangular ; extremity truncate ; two small spines

on either side of median line of dorsal surface ; the outer ramus

of uropod bears on its external distal angle a large, very black

spine, which is distinguished from the similar black spine of A.

ivebstcri Kingsley (1. c, p. 416, 1879) by its much larger size

and consequently more prominent appearance. Length of

specimens 25 mm. and 22 mm. respectively.

60. Alpheus minor Say.

Say, Jour. Acad. Nat. Sci. Phil., I, p. 245, 18 18.

Kingsley, Bull. U. S. Geol. Survey, IV, p. 190, 1878.

Bate, Challenger, Macrura, p. 558, PL C, 1888.

{a) numerous specimens, from brown sponges.

(li) I 9 with ova. Along shore near Nassau, N. P., Febr.

20, '90.

(r) 10 specimens, from brown sponges.

Range: From Cape Hatteras (U. S. F. C. 1885) to St.

Paul's Rock (Bate, Challenger). Both shores of Central America.

Collected at Jamaica, New Providence.
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Lot ((f) may possibly be a variety as the thumb is shorter than

the typical minor, but otherwise there seems to be no difference.

6i. Alpheus saulcyi Guerin.

Guerin, in Hist, du Cuba, 1857.

Herrick, Memoires Nat. Acad. Sci., Vol. V, p. 381.

(a) 5 specimens, from green sponges. Febr. '90.

(8) I specimen, near Nassau, Febr. 5, '90.

(c) I specimen, ^, from green sponge.

(</) I specimen, from sponge, Mar. i, '90.

{/) I specimen, from sponge, Mar. i, '90.

(/") 2 specimens, Nassau, N. P., Jan., '90.

Range : West Indies.

Found at Nassau, Martinique.

62. Athanas ortmanni n. sp. (PI. xxx, Fig. 7).

{a) I specimen. Along shore, near Nassau, N. P., Febr.

20, '90.

Rostrum slender and pointed, reaching a little beyond the

second joint of peduncle of inner antennae. Antero-lateral

margin of carapace extends obliquely backward, prolonged in

front of eye into minute spine. Eye-stalk short, not project-

ing beyond carapace. The eye is seen through the somewhat

transparent carapace as in Alpheus. Inner antennae, with stylo-

cerite reaching to distal end of second segment of peduncle.

From the peduncle arise two flagella of nearly equal length, the

upper somewhat more slender than the lower, bearing on the

fourth segment from base a minute, subsidiary flagellum.

Outer antennae with scaphocerite nearly as long as the pedun-

cles of inner antennae, broad and fringed with hairs. Third

pair of maxillipedes reach slightly beyond the distal end of

scaphocerite.

First pair of pereiopods : That on the right side is robust

with swollen chela, terminating in slender hooked fingers

which are minutely serrated on the opposing edges. Mar-

gin of chela entire, length 5 mm., breadth 2.5 mm. Carpus
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short. Distal end of meros reaches to extremity of third pair

maxiUipedes. Left chelapod lacking.

Second pair of pereiopods slender, with very small chelae.

Carpus five-jointed
;

proximal segment equal in length to

the four distal segments. Remaining three pairs of perieopods

similar to each other and equal in length to the second

pair. Pleopods narrow and biramous. Telson narrow and

compressed, with smooth margins. Uropods slightly longer

than telson.

Total length of specimen i6 mm.
The species above described agrees generically with Athaiias

Leach (Edin. Ency., VIII, p. 432), with the exception that the

eyes are entirely covered by the carapace. I propose, rather

than found a new genus on the single specimen, to amend Leach's

definition oi Atlianas by changing the statement, " Opthalmopoda

short, scarcely reaching beyond frontal margin of carapace
"

(Bate, Challenger, Macrura, p. 528), to oplithabnopoda short,

covered by, or scarcely reacJdng beyond the frontal margin of

carapace.

There are four hitherto described species of Athanas

:

A. nitiscens Leach. England and Norway, Mediterranean to

Cape Verde Islands.

A. velocidus Bate (1. c, p. 529). Cape Verde Islands.

A. mascareniciis Richters (Beitrage zur Meeresfauna von

Mauritius u. d. Seychellen, p. 164, 1880), Mauritius.

A. diniorplms Ortmann, Crust, in Semon's Forschungsreise

(Jena. Denks., VIII, 1894, p. 12). East Africa : Dar-es-Salaam.

From all these species A. ortniaimi may be distinguished at a

glance by the form of the large chela.

Pen^eidea.

Family Penaeidae Bate.

63. Penaeus constrictus Stimpson.

Stimpson, Ann. Lye. Nat. Hist. N. Y., p. 135, 1871.

Miers, Notes on the Penaeidae, Proc. Z06I. Soc, London,

p. 308, i8;8.
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{a) I $ . Near Nassau, N. P., Febr. i, 1890.

{b) 19. Nassau, N. P., Febr. 5, '90.

Range : East Coast U. S.

Not before reported from West Indies.

Collected by Stimpson at Beaufort, and Charleston, S. C.

STOMATOPODA.

Family Squillidae Latreille.

64. Pseudosquilla ciliata Miers.

Miers, Ann. and Mag. Nat. Hist. (5), V, p. 108, PI. Ill,

1880.

Brooks, Challenger, Stomatopoda, p. 53, 1886.

(a) I $ broken. Near Nassau, N. P., Febr., 1890.

Range : Widely distributed over Atlantic and Pacific.

Collected at Cuba, Bahamas, St. Thomas.

65. Gonodactylus oerstedii Hansen.

Hansen, Isopoden, Cumaceen und Stomatopoden der Plankton

expedition, 1895.

(^) I 9 . Nassau, N. P., Febr. 5, '90.

(p) I 9 , fragmentary. Quarantine station, near New Provi-

dence, Jan. 25, '90.

{c) I 9 . Along shore near Nassau, N. P., Febr. 20, '90.

{d) I 9 . Nassau, N. P., Jan., '90.

(e) I $ , I 9 , I fragmentary. Under coral and in pools

between tides, near Nassau, N. P.

(/) I $

.

(label erased).

(^) 2 juv. Dredged in about 16 ft. near Quarantine station,

Jan., '90.

Hansen, 1. c. supra, p. 65 (and footnote), calls the West

Indian Goiiodactylus : G. oerstedii n. sp. and retains the name G.

chiragra Fabr. for the East Indian form.

He says (footnote): ''This species {oerstedii^ may be dis-

tinguished from the East Indian form, G. chiragra Fabr., espe-

cially by the character, that it possesses a small keel inside of
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and close to, the keel that ends in the sublateral process of the

posterior margin, while such a secondary keel is wanting in the

Indo-Australian species."

Collected at Bahamas, Cuba, Jamaica, St. Thomas.

CIRRIPEDEA.

Family Lepadidae Darwin.

(id. Lithotrya dorsalis Sowerby.

Sowerby, Genera of Shells, Apr., 1822.

Darwin, A Monograph of the Cirripedia, p. 351, PL VIII,

1851.

{a) 10 specimens. Salt Cay, N. P., in rocks in surf, Jan. 28,

'90.

(b) 8 specimen. Salt Cay, Nassau, N. P., ocean side, Febr. 6,

1890.

Range : West Indies, Venezuela, Honduras.

Collected at Barbadoes.

Family Balanidae Darwin.

67. Acasta cyathus Darwin.

Darwin, A Monograph of the Cirripedia-Balanidae, p. 312,

PL ix, 1854.

(ci) 4 specimens, in sponge, dredged Jan. 22, '90.

(^) 2 specimens, near Nassau, N. P., Febr., '90.

Range : Madeira, West Indies (Darwin).

ISOPODA.

Two species of Isopoda, one probably a Lygia of which there

are several specimens. Another parasitic on a fish, probably one

of the Cirolanidce.

AMPHIPODA.

Several small amphipods undetermined.

Princeton University,
April, 1898.
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Lophozozymus bellus (Stimpson).

Trichocarcinus oregonensis (Dana).

Telmessus cheiragonus (Tilesius).

Heterograpsus nudus (Dana).

Heterograpsus oregonensis (Dana).

Pinnixa faba (Dana).

Scyra acutifrons Dana.

Hyas lyratus Dana.

Oregonia gracilis Dana,

Epialtus productus Randall.

Pugettia gracilis Dana.

Philyra pisum De Haan.

Eupagurus ochotensis Brandt.
'* middendorfiii Brandt.
" tenuimanus (Dana).

" splendescens (Owen).
" granosimanus Stimpson.

" kennerlyi Stimpson (?)
*' newcombei Benedict (?)

Cryptolithodes typicus Brandt.

Hapalogaster mertensii Brandt.

Petrolisthes cinctipes (Randall).

Pachycheles rudis Stimpson.

Callianassa gigas Dana.

Upogebia pugettensis (Dana).

Sclerocrangon munitus ( Dana) .

Crangon franciscorum Stimpson.

Crangon affinis De Haan.

Nectocrangon alaskensis Kingsley

Paracrangon echinatus Dana.

Pandalus Danse Stimpson.

Hippolyte prionota Stimpson.
" gracilis Stimpson.
** sitchensis Brandt.

** groenlandica (Fabr.).

" brevirostris Dana.

" lamellicornis Dana.
** stylus Stimpson.
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ISOPODA.

Livoneca vulgaris Stimpson.

Cirolana californica Hansen. (?)

Limnoria lignorum (Rathke).

Idotea Wossnessenskii Brandt.

" resecata Stimpson.

Ligia Pallasii Brandt.

Pseudione Giardi n. sp.

Argeia sp. (?)

Phyllodurus abdominalis Stimpson.

AMPHIPODA.
Hyperia galba Mont.

Orchestoidea californiana (Brandt).

Polycheria Osborni n. sp.

Maera dubia n. sp.

Amphithoe humeralis Stimpson.

Amphithoe sp. (?)

COPEPODA.

Cecrops Latreillei Leach.

CIRRIPEDIA.

PoUicipes polymerus Sowersby.

Coronula diadema (L.).

RHIZOOEPHALA.
Sylon sp.

The following additional species occurred in Professor

D'Arcy Thompson's collections :

Raphonotus (=Fabia) subquadratus Dana.

Paguristes turgidus Stimpson.

Echinocerus cibarius White.

Phyllolithodes papillosus Brandt.

Callianassa californiensis Dana.

Annals X. Y. Acad. Sci., XI, August 13, 1898—18.
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BRAOHYURA.

Cancer productus Randall.

Cancer productus Randall, Jour. Acad. Nat. Sci., Philadelphia,

VIII, Ii6. 1839.

Cancer productus Dana, U. S. Expl. Exp. Crust., I, 156, PL

vii, fig. 3. 1852.

Cancer productus Stimpson, Boston Jour. Nat. Hist., VI, 461.

1857.

Cancer productus Lockington, Proc. Calif. Acad. Sci., VII, 95.

1877.

One of our specimens has the carapace handsomely orna-

mented with a complex pattern of narrow red lines on a yellow-

ish ground. The general direction of the lines is longitudinal,

interrupted here and there by narrow, more or less symmetrical

loopings. A series of three lines runs parallel to the antero-

lateral margin, and at the front end converge, together with the

adjacent longitudinal lines into the orbit. Lockington (1. c.) de-

scribes several color-varieties of this species from Monterey, Cal.,

one of which is '* yellow with narrow red stripes, giving it a

zebra-like appearance." This is no doubt the variety before us,

though the complexity of the pattern is hardly sufficiently indi-

cated by the epithet " zebra-like." Miss M. S. Rathbun has

been good enough to inform me that there are similar specimens

in the U. S. National Museum at Washington.

Philyra pisum De Haan.

PJiilyra pisuiii De Haan, Fauna Japonica, Crust., 131, PI. xxxiii,

fig. 7. 1850. ' .
.

PJulyra pisum Ortmann, Zool. Jahrb. Abth., f. Syst., VI, 582.

1892.

A single male specimen lacking both chelipeds and some of

the ambulatory legs is referred to this species. I have been

able to compare it with two specimens dredged in Yokohama
Bay by Professor D'Arcy Thompson, and also with three speci-

mens from the Strassburg Museum identified by Dr. Ortmann

(1. c.) and sent to us by the great kindness of Professor L.



PUGET SOUND CRUSTACEA. 263

Doderlein, by whom they were collected in the same neighbor-

hood. The resemblance in both cases is so exceedingly close

that in spite of the imperfection of the Puget Sound specimen I

have no hesitation in adding P. pisiim to the list of species in-

habiting both sides of the North Pacific. It is recorded from

Japan by De Haan and Ortmann, and Mr. R. I. Pocock informs

me that there is a specimen in the British Museum from the

Philippine Islands.

MACRURA.

Pagurid.e.

The great number of closely allied species of Eiipagiinis oc-

curring in the region under consideration, and the imperfect

manner in which many of them have as yet been described, ren-

der the determination of the species a matter of difficulty in the

absence of named specimens for comparison. In this respect I

have derived great assistance from a valuable collection of ma-

rine invertebrates recently presented to the museum of Univer-

sity College by the Smithsonian Institution. In one or two of

the cases where this help was not available I have marked with

a query the names of species whose identification did not appear

to be beyond doubt. The largest and commonest species of

Eiipagiinis in Puget Sound, at first referred to as E. alaskensis

Benedict in Messrs. Harrington and Griffin's paper on the Inver-

tebrates of Puget Sound (Trans. N. Y. Acad. Sci., 1897, 159)

is apparently, as mentioned in i\Ir. Harrington's paper on com-
mensal nereids (ibid., p. 214), the E. annatus of Dana, which,

however, Stimpson has identified with the earlier E. ocJiotcnsisoi

Brandt (Stimpson, Proc. Acad. Nat. Sci. Phil., 1858, p. 236).

LiTHODID.E.

Cryptolithodes typicus, Brandt.

Cryptolitliodcs typiais Brandt, Bull. Phys. Math, de I'Acad. de

St. Petersbourg, VII, 175. 1849.

Cryptolitliodcs typicus Stimpson, Boston Jour. Nat. Hist., VI,

472, PL XX, 1857.
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The larger of the two specimens in the Columbia University

collection agrees with Stimpson's figures and description of the

type species, save that the marginal serrations are almost obso-

lete. The second very small specimen, however, is strikingly

different in general appearance. The carapace is approximately

triangular, the posterolateral margins being nearly in a straight

line, while the orbital notches are shallower, and the truncated

rostrum more prominent than in any other specimens we have

seen. A comparison of these and other specimens in the Mu-
seum of University College suggests the probability that some

at least of the described species of this genus are based on

characters varying with the age of the individual.

HlPPOLYTID.^.

The generic name Hippolyte has been used in its older and

wider signification, since Spence Bate's subdivision of the genus

(Challenger Rep. Macrura, p. 576) does not appear to be satis-

factory.

Hippolyte prionota Stimpson.

H. /;76';/d?/<2 Stimpson, Proc. Acad. Nat. Sci. Philad., 1864. 153.

H. prionota Kingsley, Bull. Essex Inst. XIV, (1882), 127,

PL ii, f. 9. 1883.

Kingsley's figure of this species shows the serrated dorsal

crest passing in an even curve into the rostrum. In our speci-

mens a slight depression separates the crest from the rostrum,

and the latter is more truncate at the tip. Kingsley's figure

omits the three orbital spines which are characteristic of the

species.

Hyppolyte gracilis Stimpson.

H. gracilis '^\\.vi\'^^ox\, Proc. Acad. Nat. Sci. Philad., 1864. 155.

A single somewhat damaged specimen is probably referable

to this species. It differs from Stimpson's description in the

fact that the most anterior of the four teeth on the rostrum
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above is placed considerably in front of the eyes, while the ex-

ternal flagellum of the antennules falls short of the broken tip

of the rostrum. As was the case with Stimpson's specimens,

no epipod could be discovered on the third maxillipeds.

Hippolyte stylus Stimpson.

H. stylus Stimpson, Proc. Acad. Nat. Sci. Phil., 1864. 154.

Our specimens differ from Stimpson's diagnosis in the fact

that the third maxillipeds are slightly longer, reaching a little

beyond the extremity of the antennal peduncle to nearly the

middle of the rostrum. Some of the smaller specimens show

a minute pterygostomial spine, and in this respect resemble the

allied H. caintscliatica Stimpson. (Proc. Acad. Nat. Sci. Phil.,

i860. 33.)

AMPHIPODA.

Hyperiid^.

Hyperia galba (Mont.).

Canctr gammarus galbaMontdigu, Linn. Trans., XI, 4, PI. ii, f. 2.

Hyperia galba, Sars, Crust. Norway ; I—Amphipoda, p. 7, PL

ii, iii.

Two specimens ( ^ and 9 ) agree very well with British ex-

amples of this somewhat variable species which has not hitherto

been recorded from the Pacific.

Orchestiid.e.

Orchestoidea californiana (Brandt).

(PI. XXXI, Fig. I.)

Maloixhcstia californiana Brandt, Bull. Phys. Math. Acad.

Imp. Sci., St. Petersburg, IX, 310-314. 185 1.

Orchestia {Talitriis) scabripes Dana, U. S. Ex. Exp. Crust.

II, 860, PL 57, f. 4. 1852.

Megalorchestia scabripes Stimpson, Bost. Jour. Nat. Hist.

VI, 516. 1857.
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M. californiana^ Ibid.

Orchestoidca scalndpes Spence Bate, Cat. Amph, Brit. Mus. II,

PL I, f. 3. 1862.

0. californiajia, Ibid., p. 14.

Description of Male.—Body robust, glabrous, lower edges of

coxal and epimeral plates and all the appendages scabrid with

short stiff setae. Fifth pair of coxal plates having the anterior

lobe larger than the posterior, angled below, while the posterior

lobe is evenly rounded. Eyes slightly reniform, black. Su-

perior antennae not reaching the middle of the penultimate joint

of the inferior, the three joints of the peduncle subequal, flagel-

lum 9-jointed, hardly longer than half the peduncle. Inferior

antennae longer than the body and very stout. Last joint of

the peduncle twice as long as the preceding, increasing in thick-

ness to within a short distance of its distal end, the greatest

thickness being nearly one-fifth of the length of the joint.

Flagellum more than one and a-half times as long as the pe-

duncle. Palp of maxillipeds three-jointed, second joint ex-

panded inwards as a flat plate, last joint ovate. Inner plate

with three conical teeth on distal margin. Anterior gnatho-

pods not subchelate, carpus broader and much longer than

the propodus, and having a large tubercle projecting from

its lower or posterior edge near the distal end. Propodus

cylindrical, having a slight swelling on its lower or posterior

face distally. Posterior gnathopods very large, carpus small,

propodus ovate, palmar edge oblique and not sharply defined

from the posterior edge of hand, bearing a low rounded setose

eminence near the articulation of the dactyl, and on the prox-

imal side of this armed with about six short spines with inter-

vening setae. Dactyl strong, somewhat sharply curved near

the base. Claw of second pereiopod bearing at about the

middle of its concave side a blunt tooth, from within which

springs a small seta. On the posterior legs the tooth is obso-

lete, but the seta remains. First pair of uropods having the

rami subequal, not much shorter than the peduncle, both bear-

ing spines on their outer and inner edges. Last pair of uro-

pods having the single ramus lanceolate and longer than the

peduncle. Telson small, triangular, rounded at the tip.
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Length, 25 mm., superior antennae 30 mm.
The identity of our species with that described by Brandt can

hardly be doubted on comparing his characteristic though some-

what rough figure of the entire animal. His detailed figures

are less successful, and in some points so obviously erroneous

that we cannot attribute much weight to the discrepancies they

show. The most important character in which our specimens

differ from both description and figures is the absence from the

palp of the maxillipeds of the minute unguiculate terminal joint

on which Brandt lays stress as one of the distinctive characters

of his new genus. It seems to us, however, that the resemblance

in other details, especially in the antennae and gnathopods, war-

rants our assuming an error of observation or possibly an ab-

normal specimen to account for the difference in the maxillipeds.

Our specimens agree closely with Dana's description and fig-

ures of his OrcJicstia {Talitnis) scabripcs, in general aspect and

relative proportions, in the shape and size of the two pairs of

gnathopods, and in the scabrous character of the limbs. They
differ, however, in the length of the last joint of the peduncle of

the inferior antennae. Dana states this joint to be ** more than

twice the preceding in length," and his figure (of which a very

faulty reproduction is given in Cat. Amph. Brit. Mus., PI. 1, f.

3), shows the proportion to be 2.7:1, while the diameter is one-

tenth of the length. In our specimens this joint is only very

slightly more than twice the length of the preceding, and its

diameter is one-fifth of its length. A minor point of difference

is that Dana states the outer ramus of the first pair of uropods

to be naked. In our specimens both rami are equally furnished

with setae.

Stimpson, who may have examined specimens referred to both

species, records them as distinct, stating that Brandt's species

differs from Dana's " among other characters in the great length

of the fifth epimeral," appoint on which Brandt's figure is

obscure, while our specimens agree perfectly with Dana's.

Stimpson also states that the feet of M. californiana are not

scabrous. It seems to us, however, that our present knowledge

entitles us to regard the species as synonymous, on the probable
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assumption that the last peduncular joint of the antennae may
vary somewhat in length.

Brandt's species formed the type of his genus MegalorcJicstia,

and was transferred by Spence Bate to the synonymous OrcJies-

toidca of Nicolet. I have not been able to refer to Nicolet's

work, but in his definition of the genus quoted in Stebbing's

Challenger report (p. 231), it is stated that the palp of the max-

illipeds is four-jointed. Mr. Stebbing, however, informs me
that this is an error, the figure given by Nicolet showing that

only three joints are present. Tahtronus of Dana is another

synonym of OrcJiestoidea (Stebbing, op. cit., p. 262).

The female of 0. californiana has not been identified. It seems

not improbable, as Mr. Stebbing has suggested to us, that

Dana's 0. piigettensis may prove to be the female, the scabrous

character of the legs in O. californiana being the only character

which stands in the way of this supposition.

Atylid/E. .

Polycheria osborni n. sp.

(PL XXXII, Fig. 2.)

This species closely resembles Polyclicria antarctica (Steb-

bing),^ but differs from it in the following details :

The dorsal processes of the urosome are much less promi-

nent (Fig. 2, //?').

In the maxillipeds the outer plates are longer, nearly equalling

the palps and bearing each only about eleven spines on the inner

edge (instead of 18—19).

The propodus of the first gnathopods is somewhat differently

shaped, the palmar edge, against which the dactyl closes, being

very short, not more than one-third the length of the dactyl.

In the second pair of gnathopods the hand is more than twice

^ Dexaviine antarctica Stebbing, Ann. Mag. Nat. Hist. (4) XV, 184, PI. XV,
A. f 1. ; Tritceta Kergueleni, Stebbing. Challenger Report Amphipoda, pp. 941-

945, PI. LXXXIII ; Polycheria antarctica (Stebb.) Delia Valle. Monogr.

Gamm, 580.
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as long as broad, and the palmar edge extends to about one-

half the length of the dactyl.

The coxal plates of the second pair of pereiopods, which in

P. antarctica resemble those of the first pair in being produced

anteriorly into a long sharp spine, are here different, and have

the anterior process reduced to a short blunt lobe.

The propodus of the third pereiopods differs in shape from that

of P. antarctica, the thumb-like process being much less promi-

nent and the anterior and posterior edges nearly parallel.

The first maxillae have the palp composed of only one joint,

but Delia Valle has already pointed out (Monogr. Gammarini,

p. 579) that Stebbing was misled in ascribing a two-jointed palp

\.o P. antarctica.

Length, 7 mm.
8 specimens, all females bearing ova, " in nests in Ainar-

ceciiuny

The various other species of Polyclicria which have been de-

scribed, are probably all referable to one, P. antarctica (Steb-

bing), with a wide distribution in the Southern Ocean (Kerguelen

Island, Antarctic Ocean, New Zealand, Australia). The occur-

rence of a second species in the Northern hemisphere is, there-

fore, interesting.

At the suggestion of Professor D'Arcy Thompson I have

dedicated this interesting species to Professor H. F. Osborn, of

Columbia University, New York.

Gammarid.*:.

Msera dubia n. sp.

(PL XXXII, Fig. 3.)

Description.—Body moderately slender and compressed,

sparsely covered with very small scattered seta^. Lateral

lobes of head short, truncate. First pair of coxal plates pro-

duced forwards and pointed, slightly less deep than the cor-

responding segment. Fourth pair nearly twice as long as

deep, and about half as deep as the corresponding segment.
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Epimeral plates of metasome, each with a slight tooth at the

posterior lower corner. Eyes small, dark. Superior antennae

about half the length of the body ; first joint of peduncle about

one and a-half times as long as the head, short at the base and

tapering at the tip, where it is armed below with a small

spine ; second joint of equal length with the first, much more

slender; third joint one-third the length of the second ; flagel-

lum about two-thirds the length of the peduncle ; accessory

flagellum about as long as the last joint of the peduncle, seven-

jointed. Inferior antennae not quite two-thirds the length of

the superior ; last joint of peduncle three-fourths the length of

the preceding and about equalling the short flagellum. An-
terior gnathopods of moderate size ; hand scarcely broader

than, and equal in length to the carpus, ovate in form, the

palmar edge oblique and not sharply defined. Second gnatho-

pods large, merus produced into a sharp tooth at its lower dis-

tal corner. Carpus triangular, its distal margin equalling in

width the adjacent part of the propodus. Propodus oblong

quadrangular, twice as long as broad, anterior and posterior

margins slightly curved, palmar edge oblique, irregularly ser-

rate, defined by a tooth. Dactyl equalling the palmar edge.

Both gnathopods with tufts of long seta^ especially on the mar-

gins. Last three pairs of pereiopods with the basal joints ex-

panded, ovate, with the posterior edge almost smooth. Last

pair of uropods longer than the urosome, rami subequal, more

than twice as long as the peduncle.

Length, 13 mm.
The only species of amphipod hitherto described from the

west coast of North America which appears to resemble the

present form is the Mcsra fitsca of Spence Bate (Proc. Zool.

Soc. Lond., 1864, p. ^(^j\ The few details given by that

writer render the recognition of the species very difficult. It is

stated, however, that the palmar edge of the gnathopods is with-

out serrations, a character which would seem to distinguish M.

fiisca from the present species. Mr. Stebbing has called our

attention to several other species not very different in appear-

ance from the present. Of these Gainmanis furcicoriiis Dana,
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from the Sooloo Sea, is perhaps the one most closely approaching

ours. It differs, however, in the much longer accessory flagel-

lum of the upper antenna, the shorter and broader hand of the

second gnathopods, and the greater hairiness of body and limbs.

Having in view the great difficulty of recognizing with cer-

tainty many of the species indicated by the older authors in the

difficult group of Amphipoda to which this form belongs, we

have judged it best to give a new name to the species described

by us, for convenience of reference, at least until it can be shown

to be identical with some of the earlier species.

PODOCERID.E.

Amphithoe humeralis Stimpson.

AiupJiitlio'c Jiiinicralis Stimpson, Proc. Acad. Nat. Sci., Phila-

delphia, 1864, p. 156.

Description.—Body rather compressed. Lateral lobes of

head very little prominent, rounded. Anterior pairs of coxal

plates about equal in depth to the corresponding segments
;

fourth pair large, quadrangular, the posterior lobe small and

rounded. Eyes small, rounded, close to lateral lobes of cepha-

lon, pigment dark. Superior antennae more than half the length

of the body
; first joint of peduncle stout, about equal in length

to the head and to the rather more slender second joint ;
third

joint very small, about one quarter the length of the preceding,

and much narrower ; flagellum two and a-half times the length

of peduncle. Inferior antennae stout, more than half the length

of the superior, last joint of peduncle a little shorter than the

preceding, flagellum a little more than half the length of peduncle.

Lower lip having the posterior cornu of outer lobe large. Palp

of mandible having last joint longer than the preceding, not ex-

panded. Outer lobe of second maxilla broader, but scarcely

longer than the inner. Palp of maxillipeds having the first joint

slightly produced exteriorly w^here it forms a distinct shoulder

tipped with a tuft of long setae ; outer plates hardly reaching

beyond second joint of palp. Gnathopods similar in the two
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sexes, rather slender, and densely setose. First pair having the

carpus longer than the hand, its lower edge convex
;
propodus

quadrangular, about two and a-half times as long as broad,

lower edge convex with a shallow concavity distally behind the

prominent anterior corner
;
palmar edge very short, transverse,

overlapped by the serrated dactyl. Second pair of gnathopoda

having the carpus slightly longer than the propodus, its lower

edge produced into a rounded lobe
;
propodus hardly more

than twice as long as broad, shaped as in the first pair, palmar

edge somewhat longer but still shorter than the dactyl. First

and second pairs of pereiopods similar, basal joint expanded,

ovate, twice as long as broad ; merus with its anterior margin

expanded and regularly arcuate, produced distally in front and

overlapping the carpus for one-fourth of its length. Third pair

of pereiopods very short, fourth pair hardly extending to end of

carpus of fifth pair which are long and slender. Last pair of

uropods not reaching beyond the preceding pair, peduncle three

times as long as the rami, outer ramus with two strong hooks,

inner ramus lamellate, truncate, bearing setae. Telson triangular,

truncate, with a few seta^ on each side.

Length, about 26 mm.
The identity of this form with the species observed by Stimp-

son is at once suggested by his description of the first two pairs

of pereiopods, "with the basal joint very large and much ex-

panded, nearly as broad as their epimera ; meros-joint in the

same pairs small, compressed, with a sharp arcuated anterior

margin." The small size of the " subpediform " gnathopoda in

both sexes and other less characteristic points are quite in ac-

cordance with our specimens. On the other hand, the superior

antenna is stated to be " nearly as long as the body." The in-

ferior antenna is ** half as long as the body, with its flagellum

no longer than the antepenult joint of the peduncle." Though
we should probably read "last" or "penultimate" for "ante-

penult," the length of flagellum indicated is still less than in our

specimens. It does not seem to us, however, that these dis-

crepancies are sufficiently important to prevent the identification

of our specimens with the species described by Stimpson.
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The question whether AmpJiitJioc Juinieralis may be identical

with some of the older species is one which it is not possible to

answer satisfactorily in the present state of our knowledge. Mr.

Stebbing (Chall. Rep. Amph., 351) compares it with Spence

Bate's A. falklandi {Cdii. Amph. Brit. Mus., 237, PL XLI, f 6)

and he afterwards (op. cit, p. 11 24) notes the resemblance be-

tween the latter species and Dana's A. brcvipcs (U. S. ExpL

Exp. Crust., II, 941, PI. 64, f 5). A. falklandi, however, dif-

fers, according to Spence Bate's account, from the present spe-

cies in the fact that the last pair of uropods project much beyond

the preceding, while the last two pairs of pereiopoda are said to

be subequal. In A. brcvipcs Dana the posterior gnathopods of

the male are large and quite different in shape from those of the

present species.

Amphithoe sp.

A second species of AmpJiitlioc is represented by an imperfect

female specimen about 18 mm. long. The coxal plates are

very large, about twice as deep as the corresponding segments.

Both pairs of antennae rather slender, upper pair half as long as

body, lower about two-thirds as long as upper. Flagellum

of lower pair about half as long as peduncle. Gnathopoda

stronger than in preceding species, second pair larger than first,

hands ovate, palm oblique and defined by a tooth. Second

pair of pereiopods (the first are missing) with basal joints not

expanded, merus not strongly arched in front. Fourth and

fifth pairs of pereiopods rather slender, subequal, with tufts of

long setae especially at tip of propodus. Body and appendages

sprinkled with minute reddish-brown pigment spots.

The single mutilated specimen offers no striking characters

to differentiate it from several of the other and imperfectly

known species, and indeed in this family the distinction of

species in the female sex are frequently so obscure that we can-

non venture on a more precise determination. It may be noted,

however, that in general aspect and particularly in the long

setae of the posterior pereiopods it resembles Dana's A. Jiliconiis,

from Rio Janeiro, and it may not improbably be the species re-
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corded under that name by Spence Bate from Esquimalt, in J.

K. Lord's '^Naturalist in Vancouver Island" (from Zoological

Record for 1866). It differs, however, from Dana's species in

the much shorter lower antennae and deeper coxal plates.

ISOPODA.

CiROLANIDrE.

Cirolana Californica, Hansen (?).

C. Californica, Hansen, Cirolanidse, Vidensk. Selsk. Skr., 6

Raekke, Naturvid. og Math. Afd., 3, 1890, p. 338. PL iii,

f. 2.

The specimen which we refer with some doubt to this

species is a male, about 20 mm. long. The body is propor-

tionately narrower (7 mm.) than in Hansen's species. The an-

tennae hardly reach beyond the second thoracic segment. The

last segment of the abdomen hardly broader than long, more

acute than in Hansen's figure and with only 14 spines on the

tip.

BOPYRID.E.

Pseudione Giardi n. sp.

(PI. XXXIV, Fig. 5.)

Description of Female.—The single specimen, measuring 12

mm. in length, was taken from the right branchial cavity of its

host {linpagiiriis ochotensis (Br.) ), and it is, accordingly, a dex-

tral individual i^Bopyrc droit Giard & Bonnier), though the out-

line of its body seems at first sight to indicate a sinistral curva-

ture, from the concavity of the right margin in the region of

the posterior thoracic segments. Closer examination, however,

shows that the head and the abdominal region are turned to-

wards the left, and that the pleopods of the right side are longer

than those of the left, as in a normal dextral individual, so that

the peculiar curvature of the body is, in all probability, merely

an accidental variation.
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The specimen shows no traces of pigmentation. The dorsal

surface is flat or sHghtly concave, the ventral is convex and is

covered, except in the region of the abdomen, by the greatly de-

veloped brood-pouch. The dorsal swelling of the cephalic

region which marks the position of the stomach (ccphalogastcr),

is very slight. An irregularly oval, somewhat convex, area, the

" ovarian bosse," is marked off by a groove on each side of the

first four thoracic segments on the dorsal surface.

The abdominal segments, six in number, are distinctly sepa-

rated from each other. The ventral surface of the abdominal

segments and of the last two or three thoracic segments is rough-

ened by longitudinal rugae, which are most marked on the adja-

cent margins of the segments. These rugae are neither so con-

spicuous' nor so regularly disposed as in the case of the allied

Palagygc borrei described by Giard and Bonnier (Bull. Scient.

Fr. et Belg., XIX, 68, 1888). The anterior margin of the head

is bordered by a narrow membranous expansion (linibc antcrieiir,

G. & B.), which shows a distinct notch and several fainter undu-

lations on each side of the middle line. No trace could be dis-

covered on the thoracic segments of the pleural lamellae, which

in PalcBgygc are said to be ** rudimentaires et a peine visibles."

The antennules (inner antennae) are short, conical, composed

of three joints and bearing a few very minute setae at the tip.

The antennae (outer antennae) are composed of five joints, of

which the first is indistinctly marked off from the lower surface

of the head ; the third is longer and much more slender than the

second, the fifth is very minute. The mandibles, which are em-

braced by the upper and lower lips to form the characteristic

" beak" of the Epicaridca, are of the usual shape. The first pair

of maxillae appear to be absent. After a careful examination

we have been unable to find any distinct rudiments of them,

though the triangular areas between the base of the mandibles

and the lower lips on each side bear some resemblance to the

rudiments of these organs in PalcEgygc (Giard and Bonnier,

tom. cit., PL V, f. 2). The rudiments of the second maxillae

are to be detected further back on the under surface of the head.

Immediately in front of each a relatively large opening leads into
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a capacious tube lined by an invagination of the chitinous cuticle,

the protuberance interpreted as the rudiment of the second

maxilla forming the lower or posterior lip of this orifice. Un-
fortunately, these tubes were not discovered till the soft parts of

the head had been removed by caustic potash, so that we are

unable to say anything as to their connections inside the body.

This is the more to be regretted since we know of nothing anal-

ogous to these organs, not only in the Epicaridca but even among
the JMalacostraca.

The maxillipeds are similar to those of Pala^gygc but some-

what narrower. Each consists of a flat, roughly quadrangular

plate partially divided into two parts by an oblique line. The
posterior part has its external angle rounded and pointed as in

Pal(Egyge Borrei^ and the antero-internal angle is produced.

The anterior margin of the maxilliped bears a few setae, and at

its inner angle is articulated the small ''palp," also setose.

Posteriorly, the lower surface of the head terminates in a

freely projecting lamina, the '' linibc postericur' of Giard and

Bonnier. * In the present species this lamina is cut up into a

fringe of digitate processes commencing on each side a little way
from the middle line and increasing in size outwards. Exter-

nally, on each side the lamina is produced into a long process,

narrowing gradually from its base to a rounded tip, turned

inwards and extending beyond the middle line. In Palcegyge

there are two pairs of shorter processes and no fringe of minute

digitations.

The thoracic legs are all similar and of the usual structure.

The "adhesive cushions" present on the proximal segments of

the first pair in Palcegygc are here absent. The oostegites or

brood lamellae were unfortunately injured in the single speci-

men found. The usual five pairs are present and are much
larger than in Palcegyge Borrci, all the pairs except, perhaps, the

third and fourth, overlapping across the median line. The first

pair are, as usual, of somewhat complex form. Roughly

quadrilateral in shape, the posterior corner is produced into a

hook-like process directed inwards. A little behind the middle

of its length the lamella is crossed by a transverse fold, form-
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ing on its outer or lower surface a deep groove, the anterior

margin of which is produced as an overlapping ridge. On the

inner, or in its natural position upper, face of the lamella, the

fold projects as a strong ridge which for part of its length is fringed

with digitate processes. The front edge of the second pair of

oostegites is received into the groove on the lower surface of

the first pair. The last two pairs are strongly fringed with

set^e on the posterior edge.

Five pairs of biramous pleopods are present, successively

diminishing in size posteriorly ; those of the right side being,

as already mentioned, considerably larger than those of the left.

In the first pair the exopodite (lobe b, according to the nomen-

clature of Giard and Bonnier) is roughly quadrilateral in shape

and much smaller than the endopodite (lobe r), which is long

and pointed. In the posterior pairs the exopodite approaches

more closely in size and shape to the endopodite. The last

segment of the abdomen is very small and bears articulated to

its posterior margin a pair of lanceolate lamellae, of which the

right is broader and slightly longer than the left. These

lamellse may possibly represent the sixth pair of pleopods, but

a comparison with Giard and Bonnier' s figure of the correspond-

ing region in Palcegygc Borrci suggests that we have here to do

with the rudimentary pleural lamellae (lobe a of Giard and Bon-

nier), which, separated by a distinct suture from the fifth and

sixth segments in the last-named species, are here only distinct

on the sixth segment. If this view be adopted the sixth pair of

pleopods are entirely absent. In all the pleopods the surface of

the endopodite is roughened by irregularly transverse rugae

which are most distinct on the anterior pairs.

Male.—A male individual about 3 mm. long was found under

the pleopods of the female. The body is symmetrical, lanceolate

in outline, the fourth thoracic segment being the widest. A
pair of eyes are present near the posterior corners of the head.

Both antennules and antennae are well developed, the former

having three, the latter five segments. As in the female, no dis-

tinct rudiments of the first maxillae could be identified. The
second maxillae have the form of rather large, rounded tubercles.

Annals X. Y. Acad. Sci., XI, August 15, 1898— 19.
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The maxillipeds are present as long slender processes each

tipped by a single seta, inserted on each side close to the base

of the lower lip. The seven pairs of thoracic feet are all similar

and of the usual form, with powerful subchelate terminations.

The six abdominal segments are distinct, regularly diminish-

ing in size posteriorly, and the first five show rudiments of pleo-

pods in the form of slight rounded eminences on the ventral

surface. In Palcegygc Borrei, Giard and Bonnier describe the

male as having rudiments of pleopods on the first three abdom-

inal segments only (1. c, p. 70), but in a later paper the same au-

thors speak of the abdominal segments of the male in the genus

Palcegygc as being all furnished with these rudiments. (Bull.

Scient., XXII, 373. 1890.) The last segment of the abdomen

is very small, cordate in form, being veiy narrow anteriorly and

having its hinder margin notched ; its greatest breadth is about

equal to the length.

Larva.—The brood-pouch of the female was filled with em-

bryos just hatched, and having the form characteristic of the

first larval stage of the Epicaridea. The head is large and pro-

jects in front in a rounded hood-like form. The antennules are

in the form of rounded tubercles bearing a number of stout

spines among which a narrow pointed process appears to rep-

resent the rudiment of the flagellum. The antennae are about

half the length of the embryo, not yet distinctly segmented, and

armed at the tip and about the middle of their length with a

few spines.

The mouth parts are still in a very early stage, and are diffi-

,cult to interpret. In the middle the rudiment of the upper lip

can be made out, and immediately behind it are a pair of minute

lobes in contact with each other in the middle line. Behind

this and at some distance from the middle line on each side are

three finger-like appendages, the last of these being minutely

forked at the tip.

Walz figures (Arb. Z06I. Inst. Wien. IV, 2, PI. I, f. 3a) an

embryo of Bopyrina virhii at a stage apparently corresponding to

that of the present specimens. The upper lip and the pair of

small lobes close to it are shown, but there are only two pairs
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of finger-like processes where our specimens show three. The

first pair, Walz states, develops into the mandibles, and he

suggests that the second pair corresponds to one of the pairs of

maxillae which by fusion give rise to the lower lip (/. c\ p. 14).

The latter part of his suggestion appears hardly probable. The

minute lobes behind the upper lip are not referred to in the text.

The figure which Giard and Bonnier give of the mouth

parts of an embryo of Cancidon miser (Contr. a 1' etude d. Bo-

pyriens, PI. IX, f. 13), though taken from an earlier stage, cor-

responds fairly well with our specimens. Two small lobes close

to each other, lettered lb in their figure, are evidently the same

as those which we have lettered /. The figure does not seem

to be fully discussed anywhere in the text of the monograph,

but in the explanation of the plate the interpretation of the

letters is given as " premiere paire d' appendices buccaux (labre)."

In their figure of a newly-hatched embryo of Portunion Koss-

vianni {op. cit., PI. X, f i), a pair of appendages exactly similar

in shape and position are lettered as mandibles. In Cancrion

three pairs of appendages follow upon those just discussed. Of
these the first two pairs are simple and are interpreted as man-

dibles and first maxillae, while the third pair are biramous and

are identified as the maxillipeds. In Portimion only two pairs of

appendages are present in the corresponding position, both

simple and lettered as first maxillae and maxillipeds.

We cannot attempt to reconcile these seemingly contradictory

accounts of species which we have not studied, and shall only

indicate what seems to be the most probable interpretation of

the specimens before us. The rudiments which we have let-

tered / seem, from their position close together in the median

line, to be the paragnatha which afterwards fuse to form the lower

lip. This leaves three pairs of rudiments to be allotted between

the four pairs of appendages from mandibles to maxillipeds,

and we may assume one of the pairs of maxillae to be missing

(probably the first pair, which appears to be absent in the adults

of both sexes). On the other hand, it is possible that the rudi-

ments / may, in spite of their small size and median position,

represent the mandibles, in which case the other appendages
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are satisfactorily accounted for. In either case the pair iv prob-

ably represent the maxillipeds, the minute bifurcation at the tip

recalling the biramous character of these organs in the embryos

of Cancrion and of Ccpon (Giard and Bonnier, Bopyriens, PL

III, f 6 and 7).

The completely segmented abdomen of both sexes, the bira-

mous pleopods of the female and the presence of rudimentary

pleopods in the male, would refer this species to the genus

Palcegygc as established by Giard and Bonnier in i888 (Bull.

Scient., XIX, 63). The fact that the species infests a pagurid,

and the rugosity of the pleopods in the female would place it in

the second division of that genus recognized by these authors in

1890 (Bull. Scient., XXII, 373), to which, adopting Stebbing's

suggestion (Hist. Crust., 411), we may apply the earlier name

PseudionL\ Kossmann. Of the species enumerated by Mr. Steb-

bing as referable to the latter genus, three ; P. Fraisci (Koss-

mann), P. DoJirni (G. & B.), P. insigiiis (G. & B.), appear to be

noniina luida, regarding which no particulars save the names

of their hosts are recorded. Of P. callianasscE Kossmann, only

the male appears to be described, and from the account given

by Kossmann (Z. f W. Z., XXXV, 663, PL XXXIII, f 37),

and reproduced by Giard and Bonnier (Bopyriens, pp. 77-8),

we learn that that species agrees with our form in the presence

of rudimentary maxillipeds in the male, though these rudiments

are very much smaller in Kossmann's species than in ours.

Moreover, rudiments of the first maxillae, which we have not

found, are figured as present in that species.

In Psciidionc Hyiidnianni (Bate & Westwood), described in the

British Sessile-eyed Crustacea (p. 243), as PJiryxiis Hyndnianni,

from Eiipagiinis bcmiJiardiis (L.), the general features of the fe-

male appear to approximate very closely to our species. The
pleural lamellae of the abdomen, however, appear to be rounded

instead of pointed, and those of the last segment are shorter and

broader. The pleopods are smaller and less unsymmetrical.

In Psciidionc coiiftisa (Norman), from GalatJica dispcrsa Bate,

described in the above mentioned work (p. 249) as PJiryxus

galathcce, the brief description and imperfect figures of the fe-
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male offer no marked distinction from the present species. In

the male, however, the abdomen tapers much less rapidly and

the last segment is twice as broad as long. The thoracic seg-

ments are somewhat more expanded laterally, and the last

thoracic is considerably wider than the first abdominal segment.

It is stated that " the small conical mouth appears to be pro-

tected on each side by a minute 2-jointed foot jaw," but it does

not seem probable that the appendages figured are really the

maxillipeds.

While the few details available in the case of these species

render it impossible to enumerate the characters which distin-

guish Pseudione Giardi from the other members of the genus,

it appears to be most closely allied to P. Hyndniamii, as was,

indeed, to be expected from the nature of its host. Its precise

specific delimitation can only be effected when we are in pos-

session of fuller information with regard to the last named and

other species.

I have recently received by the kindness of the author a copy

of Dr. Hansen's beautiful memoir on the Isopoda of the "Al-

batross" expedition (Bull. Mus. Comp. ZooL, XXXI, 5, 1897),

in which he describes and figures Pseudiojie galacantlice from

the deep-sea galatheid Galacantha dionicdece. In spite of the

very different host and habitat the new species appears to differ

only in trivial characters from our own. Dr. Hansen however

recognizes a rudiment of the first maxilla in both sexes where

we have only been able to see the membranous interspace be-

tween the mandible and the labrum.

Argeia sp.

Two specimens on Crangon affinis, De Haan. Both speci-

mens were in very bad condition, having been apparently al-

lowed to dry, and nothing could be made out of their structure.

Relying, however, on the principle of MM. Giard and Bonnier,

that no species of the Epicaridea infests more than one species

of host, we may conjecture that these represent a new species of

Argeia in addition to the two already known from the west coast

of America ; A. piigcttensis, Dana, on Sclerocrangon iniinitiis

and A. pauperata, Stimpson, on Crangon franciscorum.
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Phyllodurus abdominalis Stimpson.

P. abdominalis Stimpson, Boston Jour. Nat. Hist., II, 511.

1857.

Of this interesting and imperfectly known form a large series

of both sexes and different stages of growth was obtained.

These it is proposed to describe in detail in a later paper. It

may be mentioned that the male of this species was recorded

and briefly described by Lockington in 1876, in a paper whose

title affords no clue to this part of its contents (** Descr. of a new

gen. and sp. of Decapod Crustacean," Proc. Calif Acad. Sci.

(1876), 1877, p. 57).

LiGIID.E.

Ligia Pallasii Brandt. -

Ligia Pallasii Brandt, Conspectus Monogr. Crust. Oniscid.

Bull. Soc. Imp. Nat., Moscou, VI, 171. 1833.

Lygia dilatata Stinrpson, Bost. Jour. Nat. Hist., VI, 507, PL

xxii, f 8. 1857.

Ligia Stimpsoni Miers, Proc. Z06I. Soc. Lond., 1877. 671.

Ligia Pallasii Viwd^di^-Y^wwA, Isop. Terr., 261. 1885.

Of the species described in Budde-Lund's Monograph our

specimens approach most closely in the proportions of the uro-

pods to L. Pallasii Br., from which they differ only in the

much narrower body. Stimpson, however, mentions that the

relative width of the body is subject to great variation. The
L. septentrionalis of Lockington (Proc. Calif Acad. Sci. (1876),

1877, p. 46), a species not mentioned by Budde-Lund, agrees

with our specimens so far as the short description goes, but its

distinctness from L. Pallasii does not appear to be beyond doubt.

The dimensions of our two specimens are as follows :

mgth. Breadth. Antenna. Uropods.

31 16 16 4.5 mm.
21 10 12.5 4 mm.
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RHIZOCEPHALA.

Sylon sp.

A single specimen of a RJiizocepJialan, probably referable to

this genus, was in the collections sent me, and I understand

that further specimens were obtained. In Messrs. Harrington

and Griffin's paper on the Puget Sound Invertebrates (Trans.

N. Y. Acad. Sci., 1897, p. 164) a" Sacciilina'' is recorded as

occurring on Scla^ocrangon iminitiis (Dana). From a sketch

kindly sent me by Mr. Harrington I gather that a specimen

occurred on a Pandahis Dance Stimpson. In the specimen sent

to me, only the abdomen of the host is preserved and this is

certainly not that of a Pandahis nor of a Sclcrocrangon^ but ap-

parently belongs to some species of Hippolytc.

The parasite is attached as usual to the under surface of the

third abdominal segment of its host. It has an ellipsoid shape,

the longest axis lying nearly parallel to the longitudinal axis of

the host's body and measuring about 4 mm. Transversely to

the body of the host the parasite has a diameter of 3.4 mm. and

its vertical depth is 3 mm. The base of attachment is about 2

mm. in diameter and somewhat nearer the posterior pole. The

genital openings could not be detected (Hoek states, in his ap-

pendix to the Challenger Report on the Macrura, p. 923, that

these openings are closed in young specimens), nor was any

trace of the mesenteric Hne visible. The branched '''roots " are

easily visible inside the body of the host. Hoek states (lb., p.

924) that in Sylon, contrary to what obtains in Sacctdina, the

roots do not reach the intestine of the host, but are, for the most

part, confined to the space between the ventral muscles of the

abdomen and the integument. In our specimen, however, the

roots penetrate further into the body and form a plexus sur-

rounding the intestine.
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APPENDIX.

Since the above paper was written I have received from Mr.

N. R. Harrington a few Crustacea which had been overlooked

in sorting out the Puget Sound material. Among them is a

specimen of a small Slerocrangoii closely resembling but

apparently distinct from 5. miiriciis (Dana). I believe it to

be identical with a species to be described by Mr. A. O. Walker

in a forthcoming paper in the Proc. Biol. Soc. Liverpool, and

of which Mr. Walker has been good enough to send me a

sketch. His specimens were dredged in Puget Sound by Pro-

fessor Herdman, of Liverpool.

The collection sent me also includes a second specimen of

Sylon, attached to a Hippolyte brevirostris Dana.

University College, Dundee, Scotland.
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Fig. I. Orchestoidea californiana (Brandt). Male.

Reference Letters.

anf

.

—Antennules.

anf.—Antennae.

as.—Anal style.

hiicc.—yiow\}[v parts.

ceph.—Under surface of head.

onb.—Embryo.

en.—Endopodite.

ex.—Exopodite.

gji'
,
gn"

.

—Gnathopods.

/.—Labium.

la.— '' Limbe anterieur.

"

/, //, ///, /K—Mouth

Ip.—" Limbe posterieur.

"

Ibr.—Labrum.

m,—Mandible.

mp.—Maxilliped.

mx' , mx "
.—Maxi llae

.

/', p^, etc.—Pereiopods.

//.—Abdomen.

pP, pr^.—Pleural lamellae.

pip.—Pleopod.

up.—Uropod.

ur.—Urosome.

t.—Telson.

parts of embryo (see text).
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Fig.

Fig.

2. Polycharia Osborni n. sp.

3. Maera dubia n. sp.

Female.

Reference Letters.

anif

.

—Antennules.

ant"

.

—Antennae.

as.—Anal style.

bucc.—Mouth parts.

ceph.—Under surface of head.

emb.—Embryo.

en.—Endopodite.

ex.—Exopodite.

gn'
,
gn"

.

—Gnathopods.

/.—Labium.

la.—^'Limbe anterieur."

Ip.—'^Limbe posterieur.

Ibr.—Labrum.
m.—Mandible.

mp.—Maxilliped.

mx' , mx "
.—Maxillae

.

«.2p',p\ etc.—Pereiopods.

pi.—Abdomen.

pl^, pr\—Pleural lamellae.

pip.—Pleopod.

up.—Uropod.

ur.—Urosome.

/.—Telson.

/, //, ///, IV.—Mouth parts of embryo (see text).
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Fig. 4. Amphithoe humeralis Stimpson.

Reference Letters.

ant'.—Antennules. Ip.—'^Limbe posterieur.

"

ant" .—Antennae

.

Ibr.—Labrum

.

as.—Anal style. m.—Mandible.

bucc.—Mouth parts. mp.—Maxilliped.

ceph.—Under surface of head. mx\ inx"

.

—Maxillae.

emb.—Embryo. /'> /^ etc.—Pereiopods.

en.—Endopodite. //.—Abdomen.

ex.—Exopodite. pl^,pr^^.—Pleural lamellae.

gn', gn"

.

—Gnathopods. pip.— Pleopod.

/.— Labium. up.—Uropod.

la.—" Limb.e anterieur.

"

iir.—Urosome.

/.—Telson.

/, //, ///, IV.—Mouth parts of embryo (see text).
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Fig. 5. Pseudione Giardi n. sp.

Reference Letters.

anf

.

—Antennules. Ip.—^'Limbe posterieur.

"

ant"

.

—Antennae. Ibr.—Labrum.

as.—Anal style. m.—Mandible.

bucc.—Mouth parts. mp.— Maxilliped.

ceph.—Under surface of head, nix', mx"

.

—Maxillae.

emb.—Embryo. P'^P^^ etc.—Pereiopods.

en.—Endopodite. //.—Abdomen.

ex.—Exopodite. pP, pP'^.—Pleural lamellae.

gn'
,
g7i"

.

—Gnathopods. pip.—Pleopod.

/.—Labium. zip.—Uropod.

la.— '* Limbe anterieur.
'

'

ur.—Urosome.

/.—Telson.

/, //, ///, IV.—Mouth parts of embryo (see text).
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I. INTRODUCTION.

A Criticism of the Secretory-nerve Theory.

Nearly fifty years ago it was suggested by Ludwig^^ that se-

cretion was a function of the gland cells controlled by the ac-

tivity of special nerve fibres. Upon the gland cell, thus em-

phasized as the prime factor in secretion, and upon its relation

to nerve action, most of the subsequent study of the physiology

of secretion has been focussed. This study has unearthed such

evidences of the truth of Ludwig's hypothesis that to-day few

theories of physiology rest upon a foundation apparently firmer,

or are more widely accepted, than the hypothesis of secretory

nerves. Indeed, the recent discovery,^ by means of the Golgi

and Ehrlich methylen-blue methods, of the remarkably rich

distribution of nerves to glands, and of the endings of these

nerves about the gland cells, has seemed the final convincing

demonstration of the truth of the theory which so many years

ago foretold their existence.

The theory of secretory nerves did not long remain in the

simple form suggested by Ludwig, for it soon received, at the

hands of Heidenhain, a more complete and definite shape.

First seriously worked out by him in 1868^^ the theory was

further developed in 1878^^ and took its final form in his great

treatise on secretion embodied in Hermann's Handbuch der

Physiologic in 1880."^ The Ludwig-Heidenhain theory, thus

crystallized by Heidenhain, has been the lens through which

the facts of secretion accumulated from 1868 to the present

time, have been viewed. This theory may be briefly stated as

follows :

Secretion is a specific function of the gland cells controlled by

special secretory nerve fibres, acting directly upon these cells.

There are two kinds of these nerve fibres : trophic fibres, which

render the cell contents soluble ; and secretory fibres, which

diminish the resistance to filtration offered by the lumen end of

the cell. In consequence of this decreased resistance, the con-

tents of the cell, which are under high endosmotic pressure,

escape into the lumen. At the same time the cell imbibes liquid

from the lymph space.
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Heidenhain, R. Ueber secretorische und trophische Drilsennerven, Pfliiger''

s

Archv. f. d. gesam. Physiologie. Bd. XVII, 1878, pp. 60 and following : ''The

cell is normally under high endosmotic pressure. On nerve stimulation a

molecular rearrangement takes place at the lumen end of the cell, so that the re-

sistance to filtration is diminished and water flows out. This flow may be hastened

by contractions of the protoplasm, as Kiihne observed in the rabbit's pancreas under

the microscope. The tension of the water within the cell being thus diminished,

water begins to flow out of the lymph and capillaries into the cell. At the end of

stimulation molecules are rearranged, the loss of water by the cell ceases, and se-

cretion stops." *' The attractive pull on the water comes from the protoplasm of

the outer zone."

Before proceeding with the discussion of the evidence upon

which this theory rests, it will make the matter clearer to recall

the conception of secretion which the Ludwig-Heidenhain

theory supplanted. For some of the facts brought forward by

these authors are of value, not as direct evidence of the exist-

ence of secretory nerves, but because they disprove an alterna-

tive earlier conception. The prevalent conception of secretion,

before Ludwig's time, was that liquid driven by intra-capil-

lary pressure filtered out through the gland/^ The chorda

tympani was the principal secretory nerve then known, and it

was believed to cause secretion by greatly increasing intra-ca-

pillary pressure by contraction of the veins or arterioles. The
discovery of the vaso-dilator function of this nerve shortly

thereafter by Claude Bernard re-emphasized the possibility of

a high intra-capillary pressure being an essential cause of secre-

tion. It is not surprising that many physiologists of that day

believed that this striking correspondence between vaso-dilation

and secretion could not be accidental, and it was natural for

them to refer the secretory power of the nerve to its action on

the blood vessels.

The first blows against the theory that the vascular system

stood necessarily in a causal relation to secretion were dealt by
Ludwig and his pupils. They discovered that stimulation of the

upper end of the cut cervical sympathetic nerve caused a secretion

from the submaxillary gland of the dog,^^ but this secretion, un-

like that due to the chorda, was afterwards found to be accom-

panied by a pronounced vaso-constriction instead of dilation.

They found that the pressure capable of being generated by the

saliva flowing from Wharton's duct might considerably surpass
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the pressure of the blood even in the carotid artery. They

thus demoHshed, once and for all, the filtration theory. They

found, further, that the temperature of the saliva secreted from

the dog's submaxillary might surpass by i.5°C., the temperature

of the blood in the carotid artery,^^ and as final evidence that the

chorda tympani could induce secretion independent of the vaso-

motor action, they brought forward the observation that stimu-

lation of this nerve still caused a secretion, some minutes after

the heart ceased to beat.^^ It is not strange that, in the face of

such facts, Ludwig should have felt compelled to assume the

secretory activity of the gland cell.

Heidenhain soon added other facts pointing in the same di-

rection. He found that if the blood supply be cut off from the

submaxillary gland by compression of the artery the chorda

still caused a secretion analogous to the post-mortem secretion

after the heart ceases to beat.^^ Giannuzzi^"^ discovered that by

the injection of sodium carbonate or a dilute solution of hydro-

chloric acid into Wharton's duct a pronounced vaso-dilation en-

sued, on stimulation of the chorda, but no secretion. Heiden-

hain-'^ found that quinine sulphate injected into the duct had a

similar action, and that atropine"^ effectually paralyzed secretion,

while leaving the vaso-dilator power of the nerve unaltered.

Heidenhain-'^ also discovered, and Langley confirmed his obser-

vation, that after the chorda tympani had been paralyzed by the

action of nicotine, either injected subcutaneously or applied di-,

rectly to the submaxillary ganglion, the chorda tympani recov-

ered its secretory function before its dilator function. He
observed, also, that after the chorda had been cut and allowed

to degenerate for 2-3 days stimulation of the nerv^e still caused

an increase in secretion, without an increase in the flow of blood

from the gland's vein. This evidence show^ed that vaso-dilation

might ensue 'without a secretion, that secretion might take

place unaccompanied by vaso-dilation, and that secretion might

be caused by stimulating dilator nerves after cutting off the

blood supply. If these facts were true vaso-dilation cou]d not

be the cause of secretion, and hence that cause must be sought

in some other gland element than the blood vessels.



SECRETION PHYSIOLOGY. 297

Evidence of a more positive kind of the direct action of nerves

upon the gland cells was not long lacking. Heidenhain showed

that stimulation of secretory nerves caused well-marked changes

in the structure of the gland cells. -^ He discovered that the

specific constituents of the secretion were accumulated in the cell

during glandular rest, and discharged from the cell during secre-

tion. That these substances were not simply dissolved from the

cells by the water stream passing through them he endeavored

to show by the fact that on passing from a weak to a stronger

stirnulation of the chorda tympani, or other dilator secretory

nerve, not only the rate, but also the concentration of the secre-

tion increased. Apparently the more rapidly secreted saliva,

although in contact with the cell contents for a briefer time, never-

theless dissolved more of them than that more slowly secreted.

This obviously would have been impossible if the contents of the

cell had not been rendered more soluble by the action of the

nerve during the stronger stimulus. He brought forward, also,

still more convincing evidence. ^^ In the dog's parotid gland

stimulation of the cervical sympathetic causes, generally, no

secretion, but if this nerve be irritated coincident with the dila-

tor secretory nerve the saliva secreted under the influence of

both nerves is more concentrated than that secreted during irri-

tation of the dilator nerve alone. Apparently the sympathetic,

though causing no secretion, must, nevertheless, act on the cells,

so as to render their contents more soluble. That this effect of

the sympathetic could not be due to any possible action of the

nerve on contractile tissue of the gland, as suggested by Schiff,''"'

Eckhard^^ and others, Heidenhain believed von Wittich''^ had

conclusively demonstrated. That the well-known high concen-

tration of the sympathetic saliva could not be referred to the

nerve's vaso-constrictor action Heidenhain^^ showed by the

fact that, if the gland artery be almost totally compressed, the

following chorda saliva was not rendered more concentrated.

These facts undoubtedly furnish strong evidence that the

sympathetic and other nerves act on the gland cells, not only

increasing the flow of water through them, but also rendering

their contents more soluble.



298 MATHEWS.

Most of these facts, brought out chiefly in the sahvaiy glands,

have been found to be true for other glands. The independ-

ence of blood pressure and secretion, the inhibitory action of

atropine, and an increase in concentration of the secretion coinci-

dent with a more rapid flow, have been observed by Afanassiew

and Pawlow," Gottlieb,^-' Pawlow and S/'^ Simonoskajain the pan-

creas, stomach and other glands, in which secretion is normally

accompanied by vaso-dilation. Sweat may be secreted during

vaso-constriction or vaso-dilation, and in the cat's foot, twenty

minutes after ligaturing the artery or cutting the leg from the

body/" The skin glands of amphibia can secrete in the total

absence of blood supply/^ Moreover, of recent years, the im-

portance of the condition of the secreting cells, as a factor of

secretion, has been clearly realized. The quick paralysis of

some secretions during dyspnoea or by the action of drugs has

emphasized this factor of secretion. Even in the kidney, where

secretion apparently more nearly approaches a filtration, it has

been shown that the condition of the capillary, or glomerular

epithelium, and the character of the blood, exerts an influence

on the secretion.^ The possibility at once suggests itself that

if the condition of the cells is so readily affected by external

agents it may be modified by direct nerve action. The very

rich nerv^e supply of many glands and the intimate association

of nerve end and gland-cell undoubtedly bring strong confirma-

tion to this supposition.

From this brief outline the extreme complexity of the problem

of secretion will be manifest. Some secretions are accompanied

by vaso-dilation
; others by vaso-constriction. Some may per-

sist twenty minutes after cutting off the blood supply
;
others

are paralyzed within two or three minutes. Some are paralyzed

by atropine and quinine ; others are not. In the same gland

stimulation of one nerve may cause the secretion of a large

amount of watery secretion, while stimulation of another nerve

causes the secretion of a small amount of exceedingly viscid

secretion. There seems, in fact, to be no general rule of secre-

tion true for all glands. The great difference between the phe-

nomena of different secretions suggests that the mechanisms of
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those secretions may be different in different cases. However

probable it may seem, a prion, that there is everywhere one

fundamental mechanism underlying all these secretions, a de-

cent regard for truth forbids one accepting so far reachmg a con-

clusion, unless it be supported by very strong evidence.

In the present paper, therefore, I wish to reopen the question

whether all secretions are due to the activity of the gland cells,

and to re-examine the evidence of the existence of nerves act-

ing on those cells. The great theoretical and practical im-

portance of Ludwig's conception is a sufficient excuse for a

critical and experimental review, in the light of the physiology

of the present day, of the evidence upon which that theory rests.

Since the publication of Ludwig's and Heidenhain's work on se-

cretion knowledge has been acquired of vaso-motor changes,

osmosis, lymph formation as well as secretion proper, which

might, possibly, cause even Heidenhain or Ludwig, if consider-

ing the subject at this time, to adopt a somewhat different

interpretation of much of this evidence from that heretofore pro-

posed. Such a review seems the more necessary for the reason

that special applications of the theory have been, from time to

time, questioned, and because, as will be apparent in the course

of the following discussion, some of Heidenhain's inferences are

unsound, owing to his having neglected to consider possibilities

now known to be of importance. His recent extension of the

theory to lymph formation, for example, has been seriously dis-

puted by Starling,^^ Cohnheim and others. Starling especially

has shown the uselessness of assuming any such secretory

mechanism in certain special cases, and has thus thrown doubt

upon the truth of the theory as a whole. Langley^^ has ques-

tioned the necessity for assuming distinct -trophic" fibres to

explain salivary secretion, and for the kidney secretion special

inferences of Heidenhain have been challenged by Senator,

Adami^ and v. Sobiranski.^^ The difference in pressure be-

tween blood and secretion observed by Ludwig may be readily

accounted for on the basis of osmosis quite apart from any cell-

activity.'' The difference in temperature between saliva and

blood has been denied by Bayliss and Hill,^ working with bet-
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ter methods. For some of the facts, also, errors of method

greatly diminish the value of the testimony they offer, and

some of that evidence depends upon the assumption that all se-

cretions are probably due to the same cause. Hence, whether

the theory of secretory nerves is true or not, it must be admit-

ted, I believe, that little of the evidence which has hitherto been

presented in support of that hypothesis can be accepted as it

stands.

While fully aware, therefore, of the strong a pidori probability

that nerves may act on gland cells so as to affect osmosis through

them, and while appreciating the strength of the evidence that

they do so act, I feel myself compelled, for the reasons presented

in the following criticisms of that evidence, to question whether

secretion is really controlled in this manner.

But not only is the evidence upon which the secretory nerve

theory rests inconclusive; there are also certain weaknesses in the

theory itself which deserve more attention than they have

hitherto received. It is by no means easy to understand how
the nerve can affect the cell in such a way as to cause a secre-

tion. The mere discharge of liquid from the cells into the gland

lumen would, as pointed out elsewhere, lead to no secretion

from the gland ducts. To obviate this difficulty Heidenhain

supposed that, while the secretory nerve diminished the resist-

ance of the inner end of the cell, the outer zone imbibed water

from the lymph and capillary. The outer zone exerted an at-

tractive pull upon the lymph. By the imbibition of this lymph

the secretion was forced along the ducts. This explanation leads

at once to difficulties. Not only is the explanation exceedingly

hypothetical, but it is difficult to see why, if the pull on the lymph

comes from the outer zone, secretion should be slowest after

long stimulation, or during paralytic secretion, w^hen the outer

zone is at its greatest development, and how secretion can take

plate at all, or with any rapidity, in glands in which the outer

zone has almost, or completely, disappeared, as in mucous sal-

ivary glands, the stomach or pancreas, after a long rest. It is

also difficult to understand sympathetic secretion, which takes

place during a period of vascular constriction. Nor can we ig-
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nore the extreme complexity of the theory. The assumption

that each, or any, cell of the sub-maxillary gland has acting

upon it four totally different nerve ends is, in itself, highly im-

probable. A further difficulty is encountered when we critically

examine Heidenhain's assumption that the trophic and secretory

fibres are unequally distributed to the chorda tympani and sym-

pathetic. It seems simple enough to refer the small secretion

ensuing on sympathetic stimulation to the presence of a small

number of secretory fibres in this nerve, but if it be asked

whether these fibres innervate all the cells, or only a portion of

them, we are at once plunged into a maze from which there is

no way out. If they innervate all the cells we may ask why,

if a few fibres suffice, more should be present in the chorda,

and why the secretion should not be as copious as the chorda's.

If they innervate a part of the cells only, new assumptions must

be made to understand why stimulation of the sympathetic

should exhaust the constituents of the whole gland. If we

abandon the trophic fibres and postulate one sort of fibre only,

the secretory, acting on the cell, Heidenhain's facts become

largely inexplicable. Furthermore, when Heidenhain^*" assumed

secretory nerves to the capillaries he undermined much of the

evidence accumulated by him of secretory nerves to glands. For

many of the facts of gland physiology might be understood by

reference to these capillary nerves. Atropine, for instance, might

conceivably prevent secretion by paralyzing the ends of the se-

cretory nerv^es of the capillaries, thus inhibiting the production

of lymph and fluid necessary for secretion.

In the present paper I have considered chiefly the physiology

of secretion in the salivary glands. The experimental work has

been devoted chiefly to studying the exceptional features of that

secretion which have seemed difficult of comprehension on

any other than the cellular theory of secretion. I have ven-

tured, however, to bring some other secretions into relation

with the conclusions concerning the mechanisms of salivary

secretion.
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It may prevent confusion and reconcile what might appear to

be contradictory statements, to give here the chief conclusion

drawn in the present paper. This is, that there is no single

mechanism of secretion. In some glands the stored metabolic

products are driven out of the cells by the action of muscle, as

in Amphibian skin glands and sudoriferous glands ; in others

they are removed by currents of lymph, which are probably the

result of osmosis, as in the pancreas, stomach, salivary glands
;

in some cases the cells imbibe water until they burst, and their

contents rush into the gland-lumen, as in the intestinal cells of

Ptychoptera larvae ; in others the inner end of the cell crumbles

to pieces, as in the mammalian milk glands. Two, or more, of

these mechanisms may coexist in one gland, and it is this which

has rendered the physiology of such glands as the salivary so

confusing. In the submaxillary gland, for example, I believe

we have a muscular mechanism, innervated by the sympathetic
;

and an osmotic mechanism, innervated by the chorda. The

sympathetic, in other words, causes secretion as Eckhard,^^

Schiff,* ''^ and others^" have maintained, by its action on contrac-

tile tissue in the gland body, thus mechanically compressing the

ducts and alveoli and squeezing out the secretion. The chorda

probably causes secretion, by its dilator action on the blood ves-

sels. The following pages present the evidence for these con-

clusions.

Before proceeding farther it is necessary to define the sense

in which the word ''secretion" is here used. At present the

word has no very definite significance, as it refers to different

processes. For the sake of clearness it would be better to

designate these various processes by different names. I suggest

that, in the future, the word secretion be used to indicate the

process of extruding subtances from cells into the lumen of the

gland, the process of expulsion from the ducts, and the substances

secreted by the gland. By this use of the word cellular secre-

tion will be generally coincident in time with glandular. For the

* Schiff, loc. cit., p. 304, I. " It is probable that the gi-eat sympathetic which

causes constriction of the parotid vessels causes, at the same time, the tissue of the

gland to contract, and that by this contraction tlie gland empties itself of its con-

tents formed independent of nerve action."
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process of the formation of substance by the gland cell—a dif-

ferent process, but one at present included under secretion—

I

propose the name " Hylogenesis " (Gr. l»/-/^ matter and yhiat::

generatiori)^ and for the substances formed the name '' Hylogens."

Thus trypinogen, mucinogen, pepsinogen are hylogens. The

secretions consist of the hylogens plus water, salts and other

substances derived unchanged from the blood. The present

paper deals solely with secretion proper. Hylogenesis is con-

sidered elsewhere."^ This word seems to me preferable to that

of " Mesastates," suggested by Mr. J. N. Langley. Ranvier^"

and Van Gehuchten"^ wish to call the process here named hylo-

genesis, "• secretion." This seems to me inadvisable, as thereby

cellular secretion would correspond with glandular rest.

The experimental work embodied in this paper has been

carried on chiefly in the Physiological Laboratory of Columbia

University, and I am particularly indebted to Professor Curtis

and Professor Lee both for extending to me facilities of the

laboratories and for suggestive criticism. A portion of the

work was done in the physiological laboratories of Cam-
bridge University, England, and Marburg University, Germany.

I desire to express my hearty appreciation of the courtesy of

Professor Michael Foster and Professor Kossel in placing the

facilities of their laboratories at my disposal. To Mr. J. N.

Langley I am indebted for critical suggestions.

II. SYMPATHETIC SALIVARY SECRETION.

Stimulation of the upper end of the divided cervical sympa-

thetic nerve of the cat, horse, dog, sheep or rabbit generally causes

a secretion from the salivary glands. This secretion has every-

wheref the same characteristic features, indicating that it is pro-

duced in all salivary glands in the same manner. These com-

mon features are the following : The saliva reaches its maximum
rate of flow in the first lO or 20 seconds, and then generally

ceases, although stimulation lasts for several minutes. If sev-

* Shortly to appear in the Journal of Morphology.

f Except in the resting parotid and submaxillary glands of the dog. See next

page.
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eral stimulations follow closely, one upon the other, the amount

of saliva secreted at each stimulation rapidly diminishes and

often becomes nothing. Stimulation becomes then again effec-

tive if the gland be allowed to rest, if the chorda be irritated, or

if liquid be injected into the gland duct. Finally, sympathetic

secretion is invariably accompanied by vascular constriction, and

the saliva, with the doubtful exception of that of the cat,'^' con-

tains more organic matter than that secreted from the same

gland under the influence of the dilator nerve.

That there are deviations from the typical course of a sympathetic secretion just

sketched need hardly be said. .Such deviations are probably due (seep. 309) to

the changing fluidity of the saliva. When the saliva is thin, as in the horse, rabbit, cat

or sheep, the secretion follows a very typical course ; if the saliva be viscous, as in

the resting salivary glands of the dog, the latent period is longer, and the secretion

persists longer. These variations shed a not unimportant light on the mechanism
of secretion.

To explain these typical phenomena, assuming the secretory

activity of the gland cell, Heidenhain supposed that the sympa-

thetic nerve carried three kinds of fibres : trophic, secretory and

vaso-constrictor. The trophic fibres converted large quantities

of mucinogen (submaxillary) into soluble mucin, making the

juice rich in organic bodies
; the secretory fibres caused secretion

;

the constrictor neutralized the secretory action and stopped

secretion. The quick failure of the nerve on successive stimu-

lations was referred to the exhaustion of nerve, nerve end, or

gland cell.

The generalfeatures of syinpatJietic secretion seem to nu\ hoiv-

ever^ plainly to suggest that the secretion lias been drivenfrom the

gland by a compression of the ducts and alveoli by some contractile

tissue.. I wish to consider these features separately, from this

point of view, together with experiments bearing on their proper

interpretation.

a. The Rate of Sympathetic Secretion.

Experiments I. and II.

Cat and dog. Submaxillary. Animals under ether. Canula

in Wharton's duct, connected with a narrow tube graduated in

millimeters, 250 mm. = 0.82 cc. Reading's every ten seconds
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in mm. Chorda-lingual divided in each case. Cervical sympa-

thetic divided and stimulated by tetanic shocks, secondary coil

180-100 mm. The chorda was first stimulated intermittently

for an hour, so that the glands were secreting watery saliva.

Cat. Dog.

i ii iii i ii

1st 10 seconds of sympathetic stimulation ... 10 .. 9 lo . . , 25 . . 17

2d '• " " " " . . . 9 . . 5 . . 6 . . . 4 . . 2

3d" " " " " ...0..0..0...3..2
4th " " " " " . . . o . . o . . o . . 2 . . I

5th " " " " " . . . o , . o . . o . . . 2 . . 2

oft' oft" oft'

6th " " " " " , . . o . . o . . o . . . 8 . . I

off" oft"

By inspection of these figures, it is seen that on stimulation

the secretion comes suddenly, reaches its maximum rate of flow

in the first few seconds, and then quickly subsides. In the cat,

it abruptly ceases after 20 seconds. In the dog, probably owing

to the greater viscidity of the saliva and the resistance offered to

its passage by the fine gland-tubules, it persists slightly through-

out the stimulation.

Heidenhain attributes the abrupt cessation of secretion, after

a few seconds, to the vaso-constrictor action of the nerve, in

consequence of which the secretory mechanism is, as it were,

suffocated.-^ That this explanation is incorrect may readily be

shown by cutting off the blood by compressing the gland's

artery, or by decapitation. In such cases, as the following ex-

periments show, a perfectly typical secretion may ensue on

stimulation of the sympathetic, ten or more minutes after liga-

turing the artery, or decapitation.

Experiment Va.

(A full account of this experiment is given on page 343.)

Large dog, which had received 3CC. i % morphine sulphate

subcutaneously. Ether given through tracheal tube. Sub-

maxillary dissected free, and remained attached only at the

hilus and by its veins. Chorda-lingual and sympathetic cut.

Canula connected with tube graduated in millimeters in Whar-
ton's duct. Gland's artery exposed by extirpation of the

digastric muscle. Tetanic shocks. Secondary coil at i 50. The



806 MATHEWS.

secretion of the sympathetic is given in mm. at ten second in-

tervals, 250 mm. = 0.82. cc.

Time. Nerve Stimulated. Secretion.

h m s h m s

3 25 The artery going to the gland

was clamped close to the

hilus.

3 25 - 3 30 Chorda (intermittent) Copious at first, it gradually

ceases.

3 30
- o

3 32
- o

3 35 Sympathetic 16, 3, % 2, 0, 0, off.

3 37
" O, O, O, I, o, o, off.

3 40
" o, o, o, o, o, o, off.

Interval (see page 317).

3 42 Artery undamped. Chorda

stimulated intermittently for

several minutes.

4 07 30 Artery clamped.

4 07 30 - 4 08 Chorda 1 55

4 08 - 4 09 '' (losec. int.
) 30

4 09 -411 30 " 16

4 12 - 4 13
" o

4 13 - 4 14 Sympathetic. 17, 4, 2, 2, 0, off.

415 - 4 1

7

Chorda o

4 17 30-4 18 15 ^Sympathetic. 10, 4, 0, 0.

4 20 " o, o, o.

Interval (see page 317).

4 25 Sympathetic. o, o, o.

4 26 - 4 27 Chorda. o

Interval (see page 317).

4 29 30 Artery undamped. The

gland secretes spontane-

• ously. Chorda stimulated

intermittently.

4 45 30 Artery clamped.

4 46 30 - 4 47 30 Chorda 1 75

4 48 30 - 4 49 30
'* 30

4 50 - 4 51
" ^o

4 51 30 - 4 52 30
" 2

4 53

4

o

53
- 4 54 Sympathetic 8, 2, 1, 0.

4 54 - 4 55 Chorda o, o, o, o.

4 55 30 - 4 56 39

4

o

57
- 4 58 Sympathetic 0, 4, 3, 0, 0.

5 02 Artery undamped.

5 03 —
5 09 Spontaneous secretion.

5 09 -
5 10 Sympathetic. 9, 3, 2, 6, 0.
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Experiment V.

Large dog under morphine and chloroform. Right submax-

illary gland prepared. Chorda lingual and sympathetic cut.

Each nerve causes a good secretion. Readings as in previous

experiments. Canula in Wharton's duct. Secondary coil i 50.

Tetanic shocks.

TIME. NERVE STIMULATED. SECRETION.

h. m. s. h. m.

5 49 30 Head cut off as rapidly as possible.

Spinal cord and vertebral column

not severed.

5 50 30 - 5 55 Chorda (intennittent) 175

5 55 " (coil 70) o

5 57 Sympathetic (coil 7) 40, 20, 6, 2, 0.

5 58 - 6 10 No stimulation.

6 10 Sympathetic 4, 5, 2, 0, 0.

Experiment VI.

Dog. Conditions of experiment the same as in Experiment

V. Submaxillary. Both nerves active.

NERVE. SALIVA SECRETED IN MM.

Head completely severed from body.

Chorda intermittent 65

Chorda. o

Sympathetic. 14, 3, 2, 2, 0.

The foregoing experiments, demonstrating that a sympathetic

secretion may be obtained ten minutes after all fluid and oxygen

have been cut off from the gland shows, I think, that Heidenhain

was wrong in ascribing the quick normal cessation of secretion

during sympathetic stimulation to the nerve's action on the

blood vessels. It is obvious that vascular constriction can have

nothing to do with such cessation, because the changes produced

in a normal gland by vascular constriction, namely, diminution

of water and oxygen, have existed in all three experiments at

least seven minutes before the nerve was stimulated, and con-

tinue during that stimulation without in any way affecting the

course of the secretion.

Even a normal gland secreting a ver>^ viscous saliva furnishes

evidence against the truth of Heidenhain's explanation. In the

TIME.

m. S. h. m.

4 30

31' 40-4 35

4 35-4 38

4 38
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resting submaxillary of the dog the sympathetic secretion may
have a latent period of many seconds and persist for minutes.

An instance of such a kind is the following :

Experiment III.

Large moi*phinized dog, receiving chloroform. Both chorda

lingual and sympathetic cut. The submaxillary has not pre-

viously been secreting. Sympathetic stimulated by tetanic

shocks. Secondary coil 15. Readings every 10 seconds in

millimeters as before. The saliva was extraordinarily viscid.

Total stimulation 2 minutes, 40 seconds. Latent period ^5
seconds.

Amount of secretion : o, o, o, o, 5, ;, 7, 5, 5, 5, 4, 5, 5, 4,4,

3; off, 3, I, o.

If secretion can begin after 42 seconds, and endure for two

minutes, during a period of vascular constriction, as was the

case in this experiment, it can hardly be assumed that vaso-

constriction is the cause of the normal failure of that secretion

within twenty seconds.

Heidenhain seems to have overlooked the fact that a sympa-

thetic secretion may be obtained after cutting off the blood

supply, at least five minutes after the chorda becomes inopera-

tive. He referred the quick loss of the chorda's power in these

experiments, to the suffocation of the gland cell.* If the loss

of the chorda's secretory power is due to the paralysis of the

gland cell by suffocation, the sympathetic must cause secretion

in some other way than action on the cell, since this nerve causes

a normal secretion long after the chorda has been paralyzed.

The quick gush of saliva and its abrupt cessation, as well as

the anomalous cases represented by Experiment III, clearly indi-

cate a muscular mechanism of secretion. They are probably to

be explained as follows : On sympathetic stimulation the ducts

^Heidenhain, R. Hermann's Handbuch der Physiologic V, p. 46: "Die
Ursache der Verlangsaniung der Absonderung bei hochgradiger Gefassverengerung

oder Gefassverschluss liegt nicht in dem Sinken des Capillardruckes, sondern in der,

mit der kiinstliche Anamie der Driise verbundenen Verlangsamung des Blutstromes,

bei welcher sich das Secretions Material, und namentlich der Sauerstoff fur die

Driisenzellen allmalig erschopft so dass der secretorische Apparat erstickt.
'

'
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and alveoli are compressed and the liquid in them ejected. If

that liquid is thin and runs readily, as in most albuminous

glands, for example the parotid and submaxillary of the rabbit,

sheep and horse, and the cat's submaxillary, or in mucous

glands after long stimulation, the latent period is short, and

the saliva is all expelled in from 10—20 seconds. Thereafter,

although contraction persists, no more secretion escapes. If,

on the other hand, the saliva is viscid, as in the first stim-

ulation of a previously resting mucous gland (submaxillary and

parotid of dog), it offers a great resistance in passing through

the fine ducts and consequently requires a greater pressure and

a longer time to start and to expel. Consequently the latent

period is long and the secretion persists for some time. This

explains the anomalous cases represented by Experiment III.

In cases of very great viscidity, as in the parotid gland of the

dog, the resistance may even be too great to be overcome by the

compressing strength of the tissues. In this gland stimulation

of the symyathetic either causes no secretion at all or very lit-

tle, unless the saliva in the gland be previously diluted by the

action of the dilator nerve. The muscular theory, too, readily

explains why a typical sympathetic secretion can ensue in the

total absence of blood supply.

b. The Decrease in the Amount of Saliva Obtainable upon

Several Successive Stimulations.

If one sympathetic stimulation be followed by several others

the amount of saliva obtainable on the second, or following

stimulations, is much less than the first, and may be nothing at

all.* If, however, the gland be allowed to rest, or if the chorda

be stimulated, the nerve again produces a copious secretion upon

sympathetic stimulation. This is shown in the following ex-

cerpts from experiments on the dog's and cat's submaxillar}^

Readings in mm. Stimulation in each case for thirty seconds.

It is also clearly seen in Experiment VII, p. 311.

* This phenomenon has, of course, been often described. See among others

Langley.39

Annals X. Y. Acad. Scl, XI, September 12, 1898—21.
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Cat. Cat. Dog.

I. II.

Amoicnt. Amount.

1st stimulation . .20 l6 36

Rest .... 25 seconds i minute 2 minutes. . . .

2d stimulation . . . . o 6 25

Rest .... 3 minutes 2 minutes . . . . i minute ....
3d stimulation .... il 10.5 H

Rest 2 minutes . . .

4th stimulation lo . . . . .

Rest I minute ....
5 th stimulation ,

11 ....
Rest . . . • I minute ....

6th stimulation 2.5 ....
Rest Chorda stimulated .

7th stimulation 25 ....
Rest 2 minutes . . .

8th stimulation 6 ....
Rest I min. 40 sec. . .

9th stimulation 4 . . • .

The great decrease in the amount of sahva obtainable on a

second stimulation, closely following a first, even though a min-

ute's intreval of rest elapse, might be explained on Heidenhain's

theory, by assuming an exhaustion of secretory fibres, nerve

ends or gland cells. Such an assumption is highly improbable.

There is, I believe, no other example of a nerve end, or fibre,

becoming exhausted by a weak stimulus of a minute's duration.

That the secretory fibres of the chorda, their nerve ends and

the gland cells are not exhausted or suffocated is shown by the

fact that the following chorda stimulation is little, if at all, al-

tered. The phenomena are clearly explicable, on the other

hand, if the sympathetic causes secretion by compression of the

ducts and alveoli. By the first stimulation the gland is largely

emptied of its saliva. If no time be given for the ducts to be

refilled, the following stimulation finds less available saliva, or

none at all. The nerve appears, in fact, to have become inoper-

ative until, through the resting of the gland, or the action of the

chorda, the ducts be again filled. The exhausted element of

the gland inferred by Heidenhain is the fluid in the ducts and

alveoli.
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c. The Augmentation of Sympathetic Saliva.

That the small amount of sympathetic secretion, in the cases

just cited, is due to the presence of a small amount of fluid in

the ducts and alveoli is indicated by the abnormally large sym-

pathetic secretion, when the amount of liquid saliva in the gland

is rendered abnormally large by stimulation of the chorda, or by

the action of pilocarpine, nicotine and other drugs.

Langley^^ first observed the augmentation of sympathetic

saliva by an immediately preceeding stimulation of the dilator

nerve in the dog's parotid and submaxillary and the cat's sub-

maxillary. The following experiments confirming Langley illus-

trates this augmentation.

Experiment. VII.

Dog under morphine and chloroform, sympathetic and chorda

cut. Canula in Wharton's duct. Secretion in mm. is given

above the line for every lo seconds, 250 mm. =0.82 cc.

Below the line is indicated the nerve stimulated
; s, is the sym-

pathetic ; c, the chorda. If no letter is written, it indicates that

at these intervals there was no stimulation.

10, 35, 31, 2, 25, 4, 3. 2, 2, 8, 6, 4, n, 2, 2, I, 2, I, 3,

c sssss ssssss
3, 4, i>^, iK' I' 2, I, 4, 4, I, I, I, I, I, 2. i>^, 3, I, I, 0, 5, I, I,

sssss ssss sss sss
y^, 0, Yi, y,, 8, 60, 38, 2, I, 15, 3, I, 3, 3> 2, 2, 3, 2, 4, I, I, 2, 2, I

s cc ssss sss
T T T /I r -70 -> V%\ --»/|'>').-»QtTT'>

^, ^1 •"•> ") ••> 4.^> S^i :>•) ^w, '-> 4j ^> 31 ^j «», 1, i, i, ^5

sss c ssss ssss c. c. c.

18, 7, 3, 3, 2, y,, 4, 2. 2, y,, I, 30, 29, 4, 0, 0,

ssssss sss Chorda i minute ssss
4, 3, 2, 2, I, I, 3, etc.,

sssss
It will be noticed, in this experiment, that the first secretion of

the sympathetic, immediately following the chorda stimulation,

is abnormally large, but that the augmentation effect rapidly

passes off The augmented saliva, as Langley pointed out, is
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more watery than normal and has a shorter latent period. It

resembles chorda saliva. A similar watery and copious sym-

pathetic saliva occurs after the injection of nicotine,"^ or pilo-

carpine," and during paralytic secretion.
^^

This augmented saliva may be explained, assuming that the

nerve acts on the gland cell, as follows : If the chorda and sym-

pathetic act as the same gland cells (Heidenhain) it may be said

that stimulation of the chorda renders the cells more responsive

to a sympathetic stimulation immediately following. If, on the

other hand, the chorda and sympathetic innervate different gland

cells (Langley), we are forced to the assumption that nerve im-

pulses traverse glands outside of the nerve tracts. "When
either nerve is stimulated," Langley says, ''there is an irradia-

tion of impulses of less intensity to the cells in the neighborhood

of those directly affected ; that on stimulation of the chorda

tympani the cells connected with it are left for a time in a state

of weak excitation, so that irridiation of impulses reaching the

gland by the sympathetic is much greater than normal, and these

irradiating impulses being weak lead to a more fluid secre-

tion."'^^ It can hardly be said, I think, that either of these ex-

planations is satisfactory. That irritability of the gland cells

probably has nothing to do with this augmentation, but that it

is the simple result of the presence of an abnormally large

amount of fluid saliva in the gland is shown by the injection of

innocuous fluid into Wharton's duct. By this means we pass-

ively distend the ducts and aveoli, without the intervention of cell

activities. Following stimulation of the sympathetic causes an

augmented secretion. I have tried such experiments only in the

case of the dog's submaxillary, a somewhat unsatisfactory gland,

owing to the viscidity of the saliva. The experiment, particu-

larly if tried on a fresh gland full of viscous saliva, is not always

successful. The cause of the failures has not been investigated,

but I suppose they are due to the unavoidable driving into the

gland of the viscous saliva and partly to the use of too great

pressure in such cases, causing an over-distension of the ducts

and a consequent injury to the nerves. The positive results are,

however, sufficiently conclusive.
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Experiment VIII.

Small dog under morphine and chloroform. Left submaxil-

lary duct and nerves prepared. Nerves cut. The chorda is

first stimulated intermittently for an hour. The sympathetic is

stimulated each time for 30 seconds. Secondary coil 70. Se-

cretion in mm. as before.

Time. Nerve Secretion.

h. m. s.

3 30 Sympathetic 10

3 32 4
Inject 3^cc. 0.6% NaCl solution into Wharton's duct.

3 34 Sympathetic 15

3 36

3 41

4 10 " II

4 II 8

4 12 30 4
Inject ^ cc. 0.5% NaCl into duct.

4 14 Sympathetic 8

4 15 6

Experiment IX.

Conditions of experiment as in 8. Dog larger. Sympathetic

30 seconds stimulation, unless otherwise indicated.

Time. Nerve. Secretion in MM
h. m. s.

5 20 Sympathetic 40

5 22 ((
15

5 24 -5 25
it 20

5 26 It 10

5 27 -5 27 40 it 20

5 28 -5 28 40 i I 18

Inject .4 cc. 0.6% NaCl into duct.

5 30 Sympathetic 40

5 31
((

7

5 32
(

(

Inject .3 cc. 0.6% NaCl.

5 34 Sympathetic 1^

5 35
(< 2

5 36
((

Inject .3 cc. 0.6% NaCl.

5 38 ^ Sympathetic 11
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The results of these experiments, in conjunction with those

following, are most readily explicable, I believe, on the muscu-

lar theory. The augmented saliva, in whatever manner pro-

duced, gives fairly conclusive evidence that the ner\^e causes

secretion by compression of the ducts and alveoli. If these are

filled with an unusually large amount of fluid saliva an unusu-

ally large secretion, characterized by its short latent period and

watery character, is secreted. If there be little saliva present,

or if it be very viscous, we obtain a small secretion of long latent

period and lasting for some time.

id) Paralysis of the Sympathetic by Emptying the Ducts

AND ITS ReSTORAL TO PoWER BY INJECTION OF

Fluid into the Ducts.

Further strong evidence of the muscular action of the sympa-

thetic may be obtained by preventing the passage of fluid into the

gland and stimulating the nerve until all available saliva in the

ducts has presumably been expelled. The nerve then appears

to have lost its action, but it may be shown to be still active by

the injection of fluid into the ducts. The passage of fluid into

the gland may be prevented either by the use of quinine or by

compression of the gland artery.

Heidenhain * showed that if quinine sulphate be injected into

Wharton's duct the secretory action of the chorda is ultimately

paralyzed, but the gland becomes oedematous. This indicates

that, although liquid is present in the lymph spaces, it is pre-

vented in some way from passing through the cell. If, after

paralysis of the chorda, the sympathetic be stimulated, a copious

secretion is obtained. After a few stimulations, however, the

nerve appears to be paralyzed. If that paralysis is only apparent,

due to the emptiness of the gland's ducts, we should be able to

obtain a secretion on sympathetic stimulation, by the injection

into the duct of more quinine sulphate. The following experi-

ment proves this to be the case.

* Heidenhain, Studien aus Bre.slau, IV, 1868.
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Experiment X.

Large dog. Operation as in other experiments. Secretion

in mm, 250 mm.= 0.82 cc., s=sympathetic ; c=chorda.

Time. Nerve. Coil in cm. Secretion in mm.

h. m. s.

12 24 s 15 72

12 25 .* s 15 12

Chorda stimulated for several minutes, then .5 cc. of saturated solution of qui-

nine sulphate injected slowly into Wharton's duct.

12 37 c 13 o

12 38 c II o

12 39 s II . 50

12 40 ...... s II 27

12 44 s 15 12

12 45 s 15 9

12 47 C II o

12 48 c 7 o

12 50 S 14 15

12 54 C II O

12 55 s 14 7

12 57 s 13 10

12 59 s 13 3

Inject mixture equal parts 0.6% NaCl and sat. quinine sulphate.

I 03 s 13 24

I 05 s 13 4
I 09 s 12 o

I 10 s 9 I

III s 10 o

Neither nerve produces a secretion, though stimulated from time to time.

4 00 c 8 o

4 01 s 8 O

Inject 0.5 % NaCl into duct.

4 02 s 6.5 32

4 03 s 6 14

4 06 s 6 ..... . . 3

4 09 Inject HCl 0.5% into duct.

4 10 s 6 9

Chorda ineffective at any strength.

In the foregoing experiment the chorda became completely

ineffective at 12:30. The gland, however, was abnormally full

of quinine fluid, and the first sympathetic stimulation after the
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injection consequently gave a greatly augmented secretion at

12:39. Thereafter each stimulation yielded less and less, and

finally at 12:59 only 3 mm. were secreted. The ducts may be

assumed to be practically empty. Quinine solution was now
again injected, and the next sympathetic stimulation yielded

again a greatly augmented secretion. Finally at i : 1 1 the sym-

pathetic failed to yield any secretion, and from then until

4 p. :m. was totally ineffective. It w^ould be said, at first sight,

that the nerv^e was paralyzed. Such, however, was not the

case, its seeming paralysis being due to the emptiness of the

gland. This was shown by the injection of .5 % NaCl solution

into the duct. The following stimulation of the sympathetic at

4:02 yielded a very large secretion.

This experiment in two ways furnishes very strong evidence

of the muscular nature of the sympathetic secretion. The fact

that sympathetic secretion may be obtained long after paralysis

of the chorda is very suggestive. Heidenhain* maintains that

the chorda secretion is paralyzed by the action of the drug on

the gland cells. If this be true, and I see no reason to doubt

it, it furnishes very strong evidence that the sympathetic pro-

duces its secretion in some other manner than action on the gland

cell, for the sympathetic secretion is not materially affected long

after the gland cells have been completely paralyzed. The fact

that the nerve's effect soon passes away, but may be restored

by the simple injection of more quinine solution or other fluid

into the duct, I believe to be susceptible of but one explanation,

/'. e., that the nerve causes this secretion by compression of the

ducts and alveoli.

A similar phenomenon is witnessed if the gland artery be

compressed and fluid thus cut off from the gland. A few stimu-

lations of the sympathetic sufifice to render the nerve inoperative,

but by injection of fluid into the duct the nerve is shown to be

still active.

* Heidenhain, Studien aus Breslau, IV, 1868, p. 85, "so wird die Erregbarkeit

der absondernden Elemente bald herabgesetzt und nach kurzer Zeit ganz vernichtet.
'

'
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Experiment Va (Continued; see p. 305).

Time. Nerve. Secretion in mm.

h. m. s.

3 25 Artery clamped close by the hilus.

3 30 ..... , Chorda o

3 35 S}Tiipathetic 23

3 37 Sympathetic o

3 40 Sympathetic o

0.2 cc, .5 % NaCl solution injected into duct.

3 41 Sympathetic • . 17

3 42 Artery undamped

4 07 30 Artery clamped

4 12 Chorda o

4 13 Sympathetic 25

4 15-4 17 ... . Chorda o

4 17 30-4 18 15 . Sympathetic 14

4 20 Sympathetic o

4 23 . . . . . . . .3 cc, .5 % NaCl injected into duct

4 24 Sympathetic .... .... 13

4 25 Sympathetic o

4 26-4 27 .... Sympathetic o

4 28 2 cc, .5 % NaCl injected

4 29 Sympathetic 8

In this experiment the sympathetic appeared paralyzed at

3:40, 4:20 and 4:26, but the injection of normal salt solution

into the duct was followed by a secretion little less than normal,

on the next stimulation. In one case twenty minutes after the

artery had been clamped, the sympathetic was thus shown still

to be active. Heidenhain attributes the loss of the chorda's

power to the suffocation and consequent paralysis of the gland

cell. (See footnote, p. 308.) As already pointed out (p. 3 16) this

would, if true, show that the sympathetic produces its secretion

in some other way than by action on the cell. The fact that

the nerve's power may be restored by the injection of innocuous

fluid into the ducts is readily explicable on the muscular theory

of secretion, but, with difficulty, on the cellular theory.

I found that a similar phenomenon may, at times, be seen in

the cat's submaxillary, which has been paralyzed by just suffi-

cient atropin to prevent chorda secretion. As was first pointed

out by Langley, atropin paralyzes the sympathetic in the cat,

but more atropin is required than to paralyze the chorda. The
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sympathetic may appear paralyzed, wholly or in part, before it

actually is. In this condition gently forcing the secreted saliva

back into the gland restores the nerve's power.

Experiment XII.

Cat etherized. Canula in duct of left submaxillary. Both

chorda and cervical sympathetic cut. Both nerves active. In-

ject .1^ solution of atropin carefully into femoral vein until

chorda just paralyzed. Sympathetic stimulated 30 seconds

each time.

Time. Nerve. Secretion in cc,

h. m. s.

3 50 Chorda 0.

3 51 Sympathetic 0. I

3 52 li 0. I

3 53
a 0. I

3 54
a 0.05

3 55
a 0.05

3 56 1

1

0.03

Blew th(i secretion gently back into gland.

3 57 Sympathetic 0.13

4 00 (( 0.15

4 06 Inject .1 1cc. atropin into femoral vein

4 07 Sympathetic O.IO

4 08 (( O.IO

4 09 (( O.IO

4 lo.

Inject; .2

. , . Sympathetic

; cc. atropin

. . . . • • • . . .10

4 13 . . . . . Sympathetic . . . . . . . . . .0:

4 14
,

((
. . .01

4 15
((

. . .0^

Blew saliva into gland.

4 16 . . . , . . Sympathetic

.

. . . . • • • . . -25

4 17 •

<<
. . .015

4 18 (<
. . .04

4 19 .

((
. . .02

Blew .1 cc. saliva back into gland.

4 20 . . . , . . Sympathetic

.

. . . • . . • . . .12

4 21
,

(

(

. . .04

4 22 ((
. . .0^

Blew .1 cc. saliva back into gland.
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4 23 . . . . •.
. . Sympathetic 14

4 24 '* 02

4 25 " 04

4 26 " 02

Blew .1 cc. saliva back into gland.

4 27 Sympathetic. 13

4 28 '< 01

4 29 '* 06

4 30 '* 02

4 31 " 03

Blew .1 cc. saliva back into gland,

4 32 ...... . Sjmpathetic 10

4 33 " 02

4 34 '' 05

4 35 " -04

4 26 " 03

Blew back .1 cc. saliva.

4 37 Sympathetic 12

4 38 " 04

4 39 " 01

4 40 " 04

4 41 " 03

Blew back .1 cc. saliva.

4 42 Sympathetic 09

4 43 " 03

4 44 " 04

4 45 " 02

Blew back . I cc. saliva.

4 46 Sympathetic 10

4 47 : .
" 05

4 48 " 03

4 49 " 04

4 50 " 02

Blew back . i cc. saliva.

4 51 Sympathetic 11

4 52 ..." 02

4 53 " 04

4 54 ..." 025

Blew back . I cc.

4 55 • . S 075

4 56 S
, 025

4 57 S 04 &c.

The most probable explanation of the apparent failure, partial

or total of the sympathetic, in all the immediately preceding

experiments, appears to me to be this : That by the injection of
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quinine, or atropin, or compression of the gland's artery, liquid

is prevented from entering the gland. A few stimulations of

the sympathetic suffice to expell all, or most, of the available

saliva in the gland, and the nerve thereafter appears paralyzed.

If, now, the ducts and alveoli be passively redistended by the

injection of liquid into the duct the nerve again causes a

compression of the duct, and the fluid is again expelled and gives

a secretion. This renewed secretion cannot, however, be re-

ferred to the action of the gland cell, because the latter has been

in one case paralyzed by the action of quinine, and in the other

case by suffocation. Nor could it be referred to the action of

the cell, even were the latter not paralyzed, for the mere hypo-

thetical taking-up of fluid into the cell from the duct, and its

discharge again into the latter, would in no way alter the bulk

of fluid in the ducts plus the bulk of the cell. There would,

hence, be no pressure to drive the secretion from the gland.

e. The Character of Sympathetic Saliva.

Evidence that the sympathetic nerve innervates the gland cell

has been derived from the character of the sympathetic saliva.

This, as is well known, is richer in organic matters than the

saliva secreted under the influence of the gland's dilator nerve.

This greater richness Heidenhain attributes to the predominance

in this nerve of so-called '' trophic " fibres, the function of w^hich

is to render the stored-up metabolic products of the cell (hylo-

gens) more soluble, and the juice consequently more concen-

trated. This assumption involves such consequences that by

common consent it has been considered the most unsatisfactory

part of the Heidenhain theory. It is, however, practically the

only probable explanation, wath one exception, which has been

offered. The exception is the view suggested by Schiff, dis-

cussed below.

If the sympathetic simply drives out the saliva already present

in the gland the sympathetic saliva must be of the character of

that present in the ducts and alveoli at the moment of stimulation.

There is evidence that this is the case. That the saliva in the

ducts of the dog's parotid is very viscid has been shown by
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Langley.-^^ Sections show the ducts plugged with a viscous

looking mass, and Langley suggests that the saliva is here too

thick to be expelled. In one experiment Langley found a dog's

parotid which secreted under the influence of the sympathetic

1.3 cc. Concerning this saliva Langley says :^"

'' The saliva was of the most remarkable nature
;

it formed a

thick jelly-like mass ; if allowed to collect at all in the canula

it could be drawn out as a continuous clot. During the experi-

ment the duct was frequently emptied by pressure to prevent

its being stopped up." The saliva contained 7.8 ^ of organic

solids. We can, moreover, artificially alter the fluidity of the

saliva in the ducts, rendering it more dilute, by the action of the

chorda tympani or pilocarpine. In such cases, as we have seen

in speaking of the augmented secretion, sympathetic saliva is

almost as thin as chorda saliva. By long stimulation of the

chorda, moreover, we may exhaust the soluble constituents of

the gland. In such cases it may be presumed that the gland

saliva is thinner than normal. It is known that under such cir-

cumstances the sympathetic saliva may fall within the limits of

density of chorda saliva.* A similar change occurs in paralytic

secretions following division of the chorda. The gland then

secretes a very thin saliva, and sections show the cells practic-

ally exhausted of their mucous. The sympathetic in these

causes a very abundant and very watery secretion.

We may obtain still further evidence of the character of the

saliva normally present in the ducts of the resting gland by a

sudden, strong stimulation of the chorda tympani. The rapid

inflow of fluid from the capillaries about the alveoli, taking place

under the influence of that nerve, drives out the saliva in the

ducts before it has time to become diluted. If we examine this

saliva first appearing on chorda stimulation we find it in all re-

spects typical sympathetic saliva. From this Schiff concluded!

that sympathetic saliva was nothing more than the saliva nor-

mally present in the ducts, formed during glandular rest.

* Heidenhain, Studien aus Breslau, IV, 1868. After long sympathetic stimula-

tions the saliva becomes " diinnflussig, hell, und dadurch dem chorda Speichel

ganz und gar ahnlich."

t Schiff". LeQons sur la Digestion. Tome I., p. 296, 1867 ; also p. 304.
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Schifif found that if the sympathetic nerve of the horse be

stimulated the parotid secreted quickly 8— lO volumes of white

saliva, and then, as in the cat's submaxillary, secretion ceased.

If the horse be fed there ensued a copious, clear secretion of

watery cerebral saliva. The gland was now, presumably, full

of such saliva. If it be allowed to rest for twenty min-

utes without secretion on again feeding the horse the first

saliva (8-10 volumes) was typical, tliick, ivhitc sympathetic

saliva. This was followed by the clear cerebral saliva. Schiff

repeated this many times, thus showing that in the interval of rest

the gland, uninfluenced by the sympathetic, converts the clear

cerebral saliva into typical so-called sympathetic saliva. A sim-

ilar phenomenon has been described, with a somewhat different

interpretation for the dog's submaxillary, by Heidenhain.* I

have repeated Schiff's experiment on the dog's submaxillary,

fully confirming him. This is shown in the following exper-

iment.

Experiment XIII.

Large dog, morphine and ether. At 10:30 a. m. canula in

right Wharton's duct. Sympathetic and chorda-lingual cut.

On the first stimulation of the chorda the first saliva was viscid,

whitish and filled with corpuscles. The chorda was stimu-

lated until 2 cc. of saliva were secreted. This saliva was thin,

clear, typical chorda saliva. Gland rested without secretion

until 11:30. Stimulated chorda. The first saliva was thick,

viscid, white saliva. The gland then secreted i cc, clear

chorda saliva. Rested until 2:30 P.M. Stimulated the chorda.

A very large auunint of typical, syntpatJietic saliva appeared first,

followed by 2 cc. of watery chorda saliv^a. Gland rested until

4 p. M. Stimulated chorda. The first saliva zuas viscid and

contained many salivary corpuscles. Secreted afterward I cc.

clear saliva. Rested until 5 p. m. Stimulated the chorda.

The first saliva was again viscid, whitish saliva, filled ivith sali-

vary corpuscles and lumps.

* Heidenhain. Studien aus Breslau, IV, 1868, p. 52. "Die erste Speichel por-

tion war sehr dick, fast gallertartig, reich an Schleimballen wie sie sonst im Sympa-

thicus Speichel vorkommen, und ebenso an vSpeichelkorperchen die haufenweise

bei einander lagen."
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This experiment proves that after each stimulation of the

chorda, the thin, chorda sahva filHng the gland ducts is quickly

converted, even in the absence of sympathetic influence, into

typical viscid, sympathetic saliva.* It shows, also, that the ducts

of the normal, resting mucous gland are filled with saliva, sup-

posed to be characteristic of the sympathetic' s action. This

observation seems to me to render Heidenhain's assumption of

special ''trophic" nerve fibres to account for the character of

such saliva, superfluous ; and, also, to give additional evidence

that sympathetic saliva is nothing more than this " saliva of

rest," expelled by compression of ducts and alveoli. The cor-

rectness of the latter view is, in my opinion, strongly confirmed

by the great variation in character of sympathetic saliva, with a

variation of character of the saliva within the gland.

I wish to point out, also, that the influence of sympathetic

stimulation upon the composition of the saliva s'ecreted during

coincident stimulation of the dilator nerve, upon which special

stress has been laid by Heidenhain, is also readily understood on

this hypothesis of the nature of sympathetic action. Langley's

discovery'^-' that the sympathetic produces a secretion from the

dog's parotid unless the saliva be too thick for expulsion make
Heidenhain's results clear.^^

Heidenhain found, in harmony with all other observers, that

stimulation of the sympathetic usually causes no secretion from

the dog's parotid. He concluded from this that the nerve

carried no, or few, secretory fibres. f He discovered, however,

that if Jacobson's nerve be irritated so as to cause a secretion,

and during this irritation the sympathetic be stimulated, the

saliva secreted during simultaneous irritation of both nerves was

far richer in organic solids than that secreted under the influ-

ence of Jacobson's nerve alone. J Denying that the sympathetic

*This is a pretty conclusive reply to the statement of Heidenhain that the simple

contact of the water with thehylogens is not sufficient to dissolve them

We have here a demonstration that it is sufficient in the total absence of nerve in-

fluence.

t Heidenhain. Hermann's Handbuch d. Phys. V, p. 55. " Der Sympathicus

des Hundes enthalt fiir die Parotis nur trophische, fiir die submaxillaris daneben
wenige secretorische Fasern."

I Heidenhain, Hermann's Handbuch d. Phys. V, p. 55.
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exerted a secretory effect upon the gland, he considered the

secretion to be due to Jacobson's nerve alone. He concluded,

therefore, that stimulation of the sympathetic enormously in-

creased the content of organic solids in the cerebral saliva. The
sympathetic must hence act on the gland cells so as to render

their contents far more soluble. From Langley's results, how-

ever, we can safely conclude that the saliva, secreted when both

nerves are stimulated, is not pure cerebral saliva, but largely, if

not wholly, augmented sympathetic saliva. Like all sympa-

thetic saliva, it is more concentrated than the saliva secreted

under the influence of the dilator nerve, because it is expelled

without dilution.

f. Other Evidenxe of the Muscular Nature of the

Mechanism of Sympathetic Secretion.

Very clear evidence, also, has been brought forward by Eck-

hard,^^ von Wittich" and Heidenhain^^ himself that the sympa-

thetic causes at least the major part of its secretion, by a com-

pression of the ducts and alveoli. The parotid gland of the

sheep is an albuminous gland, capable of secreting against a

pressure of 400-500 m. m. of water (Eckhard). If while secret-

ing against a somewhat lower pressure (200-300 mm.) the

cervical sympathetic be stimulated, the water rises suddenly in

the manometer for some distance (30-100 mm.). On ceasing

stiimdation the secretion riisiies back at once into the gland nearly^

tJioiigh never quite, to its former level. The higher the pressure

the more sudden the flow backward. The quick rise at the

beginning of stimulation and the abrupt back flow ofthe secretion

at the end plainly suggest that the nerve caused compression

of the ducts and alveoli, and thus pressed out the secretion.

On ceasing stimulation these structures dilated, and the secre-

tion, being under pressure, rushed back into the gland. I see

no other explanation for the back flow, as it takes place too

suddenly and at too low a pressure (200 mm. water) to be due

to back filtration.

Heidenhain's observation is less striking, but it is similar to
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the above. (Breslau Studien, p. 69, IV.) In taking the- secre-

tory pressure of the dog's submaxillary he stimulated the

chorda until the pressure in the ducts was 271 mm. Hg. On
ceasing stimulation the manometer gradually fell. On stimula-

ting the synipatlictic the siiikiiig became niueJi slcnuer, and the ma-

nometer remained stationary at 160 mm. On breaking the

stimulation the manometer sank gradually to 100. On stimu-

lating the sympathetic it rose to 107, and on chorda stimulation

to 271. It gradually fell during following sympathetic stimula-

tion, bnt on breaking the stimulation it fell i^'ith striking rapidity

(Auftalig beschleunigtes Sinken). Heidenhain thus records for

the dog's submaxillary the same sudden back flow on breaking

the stimulation of the sympathetic as Eckhard and von Wittich

describe in the sheep.

Paradoxical though it may seem, the experiments just quoted

of von Wittich and Eckhard have been cited b)" Heidenhain as

conclusive evidence that the sympathetic does not simply drive

out the secretion already in the gland. And it is this con-

viction which led Heidenhain, in the discussion of all experi-

ments involving the sympathetic, to ignore the possibility of its

having such an action. Heidenhain believed von Wittich was

right in contending that the failure of the manometer to return

to its former level on breaking stimulation proved that the

amount of saliva in the gland had been increased. It will be

instructive to consider von Wittich's explanation of the phe-

nomena of this secretion, von Wittich"'' suggests that the back

flow of the saliva is due to the saliva being pushed back into the

cells. Let us examine this more closely. von Wittich and

Heidenhain assumed that the cells, on stimulation, discharge

their stored products into the lumen. Such a process, it need

hardly be said, would lead to no secretion from the ducts, as

the bulk of the cell would diminish to just the extent that the

bulk of fluid in the ducts increases. Hence the bulk of cell

plus liquid would remain unaltered. W^e must, therefore, make
either one of two farther assumptions : First, that the alveoli are

greatly distended owing to the turgor of the cells. Stimulation

of the nerv^e might conceivably diminish the resisting power of

Anxals N. Y. Acad. Sci., XI, September 13, 1898—22.
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the inner end of the cell, and the secretion be expelled from the

cell by intra-cellular tension, and from the ducts by the elastic

tension of the distended alveolar wall. Or, second, it must be

assumed that, as the fluid flows from the cell, new fluid enters

the cell from the rear, so that the cell does not diminish in bulk

to an extent aqual to the bulk of secretion it has lost. Either

of these assumptions lands us at once in difficulties. If the first

be true we cannot understand why the sympathetic secretion

should be abnormally large, just in those cases, such as par-

alytic secretions, or after long-continued chorda secretion, in

which the alveoli are not distended and are not presumably

under pressure. The second assumption, besides being wholly

imaginary, has to explain whence comes the fluid flowing into

the cell, and why it should flow in during sympathetic stimu-

lation at a time when there is a pronounced vaso-constriction.

With this difficulty of understanding how the nerve could cause

a secretion by action on the cell, let us see how the sudden back

flow could be understood. According to von Wittich and

Heidenhain the diameter of the alveoli has remained constant.

The secretion, manifestly, cannot upon this assumption return

into the gland, unless there be a diminution in the combined

bulk of the secretion in the ducts and the cells. There will be

no such alteration in bulk, however, by the secretion passing into

the cell as von Wittich assumes, for the cell will grow to just

the amount that the secretion in the lumen diminishes. The

only way a diminution in bulk could be brought about is by a

back filtration. The fall is, however, much too sudden for this,

and takes place at a pressure much less than the gland can sus-

tain without becoming cedematous. It is also impossible to see

why on ceasing stimulation the permeability of the gland to back

filtration should suddenly increase. Easy though it seems at

first sight, therefore, to ascribe such a back flow to a reabsorp-

tion under pressure of saliva by the cell, closer inquiry shows

that it is impossible to account for this back flow except on the

assumption either of a back filtration or that there has been an

alteration in the diameter of the alveoli. I maintain with Eck-

hard that a back filtration is highly improbable, and there re-
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mains only the alternative of an increase in the diameter of the

alveoli, probably following an active compression.

But if the saliva is simply pressed out, why is it that it does

not return to its former level on ceasing stimulation ? This was

supposed by von Wittich to prove that the nerve increased the

amount of saliva in the gland. I fully agree with von Wittich

in this contention, but I disagree with him entirely in

referring the increase to the action of the nerve on the cell

This increase may be readily understood on the muscular theory,

without any assumption of nerve activity on the gland cell, as

follows : On breaking sympathetic stimulation of considerable

duration a temporary vaso-dilation occurs and the ducts and

alveoli relax. It takes an appreciable time for the saliva to pass

back into the fine tubules, and during this time the cells are ab-

sorbing water from the lymph and capillaries. Hence their

bulk and the amount of saliv^a is increased and the saliva is

never able to return to its former level. The proof of this is

sufficiently clear. That vaso-dilation does occur temporarily on

ceasing stimulation of constrictor nerves has often been re-

marked. I have myself often seen it in the rabbit's ear and in

the cat's submaxillary. In the dog's submaxillary I have often

seen, also, that coincident with this vaso-dilation a slight secre-

tion may actually ensue (See Expt. VII, p. 3 1 1). It is, also, well

established that the cells do imbibe fluid and food during or after

sympathetic stimulation and thus increase the bulk of undifferen-

tiated protoplasm.

In view of these facts, I believe that von Wittich's and Eck-

hard's experiments, instead of proving that sympathetic stimu-

tion can not possibly be due to compression of the ducts and

alveoli, demonstrates that it must be due to such compression
;

that it is impossible to account for the back flow on any other

probable hypothesis, and that the fact that the saliva does not

reach its former level is readily understood by reference to the

nerve's constrictor action and the temporary vaso-dilation ensuing

on breaking simulation. I do not believe that von Wittich ever

endeavored to analyze in detail his own explanation, or he must

have perceived its impossibility.
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g. The Location and Nature of the Contractile Substance

IN the Gland.

The contractile tissue, responsible for the sympathetic secre-

tion, resides neither in the gland capsule nor in the capillaries.

Glands dissected free from the capsules secrete normally. The

capillaries cannot be held responsible, as Vierheller '^ supposed,

because, as one may readily see in the cat's submaxillary, the

nerve may be still active on the blood vessels while producing

no secretion, and von Wittich"^ records that after curare, the

rabbit's sympathetic loses its secretory activity while still active

on the blood vessels of the ear. Unna''^ has suggested that the

basement membrane is contractile, and this may possibly be the

case. There is, however, no evidence of it. That there is

smooth muscle about some of the principal ducts of the salivary

glands is well-known, but most histologists have failed to find

any between or about the alveoli. However, Pfliiger*'" and

Schliiter^'' have each described isolated fibres, and strands of

smooth muscle lying between the alveoli, distinct from the

blood vessels, " so that the stroma is not entirely lacking in

contractility."

Whether the contractile tissues thus far recognized histo-

logically in the gland are those active in the production of this

secretion appears to be doubtful. The physiological evidence

is of itself so strong, however, that I believe we can safely as-

sume the existence of such a tissue, even had we no histolog-

ical evidence of its presence.

li. The Changes in Gland Cells upon Sympathetic Stimu-

lation. '

The changes in gland cells, induced by stimulation of the

sympathetic nerve, are most clearly seen in the rabbit's parotid, ^°

less clearly in the dog's parotid, where the nerve causes normally

little or no secretion. The changes consist in the diminution in

the size of the cell, the discharge of the mucous or secretory

products, the formation of new undifferentiated protoplasm and
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in the nucleus becoming round and moving toward the center

of the cell. These changes are identical in kind with, though

taking place generally more slowly than, those following stimu-

lation of the dilator nerve or the injection of pilocarpine. Do
they indicate the direct action of the nerve on the cell ? Al-

though they might be so interpreted, they may be readily under-

stood without any such assumption, as follows : Stimulation of

the nerve causes a compression of the cells and thus expels from

them their stored-up metabolic products and liquid. By this

means the cells discharge their products. On ceasing stimula-

tion the alveoli and ducts relax, and the cells take up water and

food from the lymph. The latter process is hastened probably

by a temporary vaso- dilation ensuing when the sympathetic

stimulation is broken. In virtue of the food, oxygen and lymph

thus brought to them the cells form new undifferentiated proto-

plasm. On several successive stimulations the accumulated

metabolic products are largely discharged, the cells become

smaller and the nuclei, relieved from pressure, become round

and move toward the center of the cells. The same explanation

holds also for the changes following stimulation of the dilator

secretory nerve, with the exception that the stored products are

dissolved out of the cell, instead of being squeezed out, and as

vaso-dilation accompanies this secretion the changes take place

at a more rapid rate. These changes are discussed more at

length in my paper on the Pancreas Cell.*

i. Summary and Conxlusiox.

The phenomena of sympathetic secretion, which have been con-

sidered, could hardly indicate more clearly, I think, the muscular

mechanism of that secretion. The sudden gush of saliva; its

sudden cessation, however prolonged the stimulation ; the dim-

inution in the amount of saliva secreted when the stimulations

are rapidly repeated ; the apparent paralysis of the nerve when
the ducts are empty and its restoral to power if the ducts be

passively redistended ; the augmentation in volume of the secre-

tion, when the ducts are abnormally full of fluid saliva, and the

* Shortly to appear in the Journal of Morphology.
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diminution in amount of secretion when there is Httle saliva

present ; the dependence of the character of the sympathetic

saHva upon that present in the gland at the moment of stimu-

lation ; the back flow of saliva into the gland on stopping

stimulation when the gland is secreting against pressure ; the

presence of smooth muscle in the ducts and between the alveoli

—

these facts point unmistakably in one direction. A stronger

chain of circumstantial and direct evidence that this secretion is

caused by compression of the ducts and alveoli by contractile

tissue would be hard to imagine. If some of these phenomena

are susceptible of explanation upon the hypothesis that the

secretion is due to gland cell activity, others of them, /. c, the

augmented salivary secretion, the back flow of saliva on break-

ing stimulation, the paralysis of the nerve when the ducts are

empty, and its restoral to power if the ducts be redistended, are

explicable, if at all, by that theory, only by means of improba-

ble and unproven assumptions.

The surprisingly ready acceptance of the Ludwig-Heidenhain

theory of secretory nerves, acting on gland cells, as an explana-

tion of the sympathetic salivary secretion in the face of unmis-

takable indications of a muscular mechanism, has been due,

largely, I believe, to the generally prevalent belief that there is

but one mechanism of secretion. That this belief is erroneous,

there has long been, I believe, many indications. For there is

direct evidence in many glands, such as the poison glands of

snakes, the skin glands of amphibia, many unicellular glands,

sebaceous and sweat glands, that many secretions are due to

muscular action. And in many other glands the phenomena of

secretion have shown as clearly that here the mechanism was

some other than muscular. There must evidently be at least

two different mechanisms, a muscular and some other one.

Once the idea that there is but one mechanism of secretion is

abandoned, the salivary secretions will be found, I believe, to

lose much of their puzzling character.

The facts which Heidenhain urges as showing that the sym-

pathetic produces secretion by action on the gland cell are

readily accounted for if the sympathetic cause compression of

the ducts and alveoli and vaso-constriction.
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III. OTHER SECRETIONS DUE TO MUSCLE
ACTION.

Probably many other secretions are due to muscle action.

The unicellular glands of the carp-louse, Argulus foliaceus,

are surrounded by muscle fibres. Nussbaum/^ observing the liv-

ing glands, states that they are emptied by the contraction of this

musculature. Muscle surrounds the unicellular glands in the

mantel of Aplysia,'^ and the glandular pedicellaria of the Echino-

derms.'^^ The gasteropod liver* possesses, beneath the serosa,

an incomplete musculature, the contraction of which has been

watched in the living gland. A similar sheath is found in the

livers of Crustacea, land and water Isopods, Amphipods and

Decapods.'"*

The poison glands of spiders have their alveoli enclosed in a

tunic of spirally arranged muscular fibres.^* In the saliv^ary

glands of Cephalopods^^ the cells rest on connective tissue, which

is, in turn, surrounded by muscle fibres. An examination of the

physiology of these glands leaves little doubt that the secretion is

due to muscular action. '^^ The amphibian skin glands are sur-

rounded by a muscular sheath lying between the cells and the

basement membrane. There is no doubt from observations on

the living glands (Engelmann,^^ Drasch,^* Ranvier^^) that this

muscle at times contracts, compresses the gland and thus causes

a secretion. A similar muscular mechanism prevails in the

mucous glands of Petromyzon, in which the cells are bodily

extruded.

The poison glands of amphibia and reptilia and others of the

salivary glands"*" are provided with their own musculature, or are

emptied by surrounding skeletal muscles. Many anal and

cloacal glands,*' sweat^" and sebaceous glands are provided with

a musculature lying between the basement membrane and the

cells. There is little doubt that the secretion of sebum is pro-

duced by the action of this muscle. The same can be said for

the secretion of the oil gland of birds. Probably the most in-

teresting secretion due to muscular action, outside of the sali-

vary glands, is found in the mammalian sweat glands. From



332 MATHEWS.

the observations of Ranvier,*^^ Joseph"'' and others certain secre-

tions of sweat are probably due to the compression of the gland

by this muscle. Probably the post-mortem sweat secretions,

secretion after closing the artery, or the injection of strychnia

are due to this cause. (There is, however, a second sweat

mechanism associated with vaso-dilation.)

Many more examples of the muscular mechanism of secretion

might be given, but these suffice to indicate the very wide dis-

tribution of such a mechanism. Muscular mechanisms are, pos-

sibly, more common among the inv^ertebrates, but they play,

also, a not inconsiderable part in vertebrate secretions. The

vertebrate, however, with its delicately coordinated, closed vas-

cular system, develops a second mechanism, that of osmosis,

which we will now consider.

IV. SALIVARY SECRETION ENSUING UPON STIM-

ULATION OF THE VASO-DILATOR NERVE.

That the general features of chorda secretion coincide with

the phenomena of osmosis, regulated by the nerve's dilator action,

is pointed out briefly on p. 356. I wish here to consider more

particularly those facts which have hitherto been irreconcilable

with such a theory, and have been generally considered evidence

of a special action of the nerve on the gland cell. These facts

are the most important evidences of a secretory nerves and so

warrant a cai'eful consideration. They are : {ci) the increase in

the percentage of organic solids of a secretion coincident with an

increased rate of secretion
; (p) the action of atropine

;
(r) the

chorda-secretion after clamping the artery*; (^) the action of

nicotine.

a. The Increase in the Percentage of Organic Constitu-

ents COINCIDENT WITH AN INCREASED RaTE OF SeCRETION.

Heidenhain * observ^ed that on passing from a weak to a strong

stimulation of the dilator nerve in the fresh submaxillary and

* Heidenhain. Hermann's Handbuch der Physiologie V. p. 50. Studien aus

Breslan IV, 1868, p. 32.
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parotid gland of the dog, not only was the rate of secretion in-

creased, but also the percentage of solids. He obtained a simi-

r.

No. of ^§ Rate of

Stimula-

tion.

Time. Coil.
fa

^ C/3

Secretion

in I min.

Solids. Salts. 5 zi

h. m. m.
I 9 20-45 315-288 3-5 0.14 0.74 0.22 0.52
2 9 47-51 160—130 3-5 •S

2.10 .5^ 1-54

3 lO 54-5-59 100— 60 30 .66 2.08 •45 1-^3

4 lO 19-40 264—245 2.8 .11 1.44 •3t> 1.07

5 lO 45-48 160—130 3-0 1. 00 1.41 •49 0.91

6 lO 5(^56 80— 65 3.0 •50 1. 16 •39 0.76

7 II 9-27 270—250 2.5 •13 0.78 .30 0.48

8 II 30-34 150—120 31 •77 0.90 38 0.51

9 II 35-44
^ 80— 30 2.8 ^' 0.79 36 0.42

lar result in the dog's pancreas, Gottlieb^^ in the rabbit's pan-

creas, and Pawlow and Schumowa-Simanowskaja"^^ in the dog's

stomach. In the sheep's submaxillary, on the other hand, there

was little or no increase in the per cent, of solids on increasing the

stimulus.

Hefdenhain believed that this increase in solids meant that the

cerebal nerve, besides quickening the flow of water through the

cells, rendered the cell contents more soluble. How otherwise

shall we explain the fact, he asks, that although given a shorter

time of contact with these solids, the water passing through the

cells, nevertheless dissolves more than during slow secretion.

" Die blosse Beriihrung mit der aus dem Blute ausgeschiedenen

Fliissigkeit ist zur Uberfuhrung des Schleimes in das Secret

nicht ausreichend, denn sonst musste das Secret um so reicher

daran sein, je langer die Fliissigkeit in den Driisenraumen ver-

weilt, d. h. je langsamer die Secretion vor sich geht.""^ He
further assumes that the trophic fibers require a stronger stimu-

lus than the secretory. " Das cerebrale Secret wird, so lange

die Driise unermiidet ist, bei Reizverstarkung reicher an or-

ganischen Bestandtheilen, weil der Umsatz der organischen Sub-

stanzen in den Zellen unter den Einflusse der starker gereizten

trophischen Fasern schneller steigt, als der Wasserstrom imter

dem Einflusse der starker gereizten secretorischen Fasern."-"^
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There are two possible fallacies in Heidenhain's argument.

One fallacy probably lies in his tacit assumption that the gland

secretes as a whole
;
that the secretion following a strong stimu-

lus is derived from the same alveoli as the secretion following a

weak stimulus. The other fallacy is the assumption that all of

the organic constituents of saliva secreted from a fresh gland

upon a strong stimulus are in solution. The true reason why
the dilator-secretory nerve may cause an increase in the organic

matter present in a secretion, coincident with an increased rate

of flow, in passing from a w^eak to a strong stimulus, may be

the following :

If a very weak stimulus be used, only a portion of the alveoli

are aroused to activity. The supply of stored up products

(hylogens) in these, becomes soon exhausted and the secre-

tion derived from them is poor in organic constituents. On
passing to a strong stimulus, the previously resting alveoli are

thrown into activity and the secretion derived from them is rich

in organic constituents. It is the secretion from these fresh

alveoli, which increases the percentage of organic constituents

in the whole secretion. On passing from a long continued

weak to a strong stimulus in a fresh gland, one is really pass-

ing from an exhausted to a fresh portion of the gland.

Moreover, in Heidenhain's observation there is a second

source of error which he has overlooked. Heidenhain treats all

of the organic constituents of the rapidly secreted saliva as if

they \vere in solution and considers that the liquid derived from

the blood is in contact with the materials to be dissolved, only

during the time of its passage through the cell. There can be

little question, how^ever, that saliva, and particularly the rapidly

secreted saliva of a fresh gland, cannot be considered a true

solution, for it contains many bodies in suspension. Heidenhain

himself has been one of those to describe the microscopical

appearance of the lumps of mucous matter, salivary corpuscles

and occasional leucocytes found in this secretion. The presence

of these bodies in saliva indicates that the rapidly secreted saliva

carries out of the cell not only substances in solution, but vis-

cous masses of mucous matter not in solution. Its swift cur-
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rent is able to transport these masses, while a more slowly

flowing secretion is not. Furthermore, in all probability the

saliva keeps on dissolving them as it carries them along and

hence becomes actually more concentrated, because it is in con-

tact with them really for a longer time than the more slowly

secreted saliva and not for a shorter time as Heidenhain thought.

Heidenhain made no endeavor to distinguish between the mat-

ters in suspension and those in solution.

That any gland functions as a whole, as Heidenhain tacitly

assumes in his explanation, can not be maintained.

The whole surface of the stomach, for instance, may be con-

sidered as one large gland. It has long been known that se-

cretion can ensue in one spot, and not in another. Heidenhain

himself, has called special attention to the marked differences in

the condition of the various alveoli in the salivary glands. Even

in the resting gland, here and there alveoli will be found posses-

sing the structural features of secretory activity."^ In the stomach

he remarks that some glands show changes on stimulation before

others, ^'^ and I have, myself, repeatedly observed glands in the

Newt's stomach close together in very different stages of activity.

Kiihne and Lea^"^ have observed this in the living rabbit's

pancreas, a portion only of the gland being normally active.

After pilocarpine all the alveoli passed into a condition of activit)'.

In the kidney the independence of the various tubules in se-

cretion has been remarked for the bird's kidney by von Wittich,

and for the mammalian kidney by Ribbert/'^ and by Dr. Herter

in conjunction with the author. Finally, in the case of the sali-

vary glands, Langley says that even on prolonged activity of the

chorda many alveoli show no change. ** This is due, in some

cases, to fibres escaping stimulation, fibres which leave the

lingual later than usual." This histological evidence appears

to me to be conclusive with reference to the idea that the gland

does not function as a whole, but that the individual alveoli in

the secreting gland may be here active, there passive.

The physiological evidence that the foregoing is the true ex-

planation of Heidenhain's observation is hardly less conclusive.

We can easily obtain evidence that the secretion obtained
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during a weak stimulus is derived from a portion of the gland

only in the following manner : Let us stimulate the chorda nerve

carefully with a very weak current, until a large amount of se-

cretion has been obtained. If this secretion has been derived

from the whole gland a stronger stimulus should yield a se-

cretion much less concentrated than a stimulus of equal strength

before the weak stimulus. The glands should show, in other

words, a considerable exhaustion of the gland products. If, on

the contrary, the whole of this secretion has been derived from

a portion only of the gland the rest of the alveoli must remain

practically unaltered, and a stronger stimulus arousing these

should yield a juice, little, if any, poorer in organic matters than

was yielded by a stronger stimulus before the weak.

Werther^'^ has unintentionally tried this experiment and found

the latter possibility to be what actually occurs. A very weak

stimulus, with the secondary coil at 300-240 mm., was em-

ployed for over three hours, and more than 20 cc. of saliva

were secreted. The percentage of organic solids secreted in the

slowly flowing saliva steadily fell, but the percentage of such

bodies in the saliva secreted on a succeeding stronger stimulus

was little if any less, after this long secretion, than it was with

an equally strong stimulus before. If, however, a somewhat

stronger stimulus was employed, the secretion from a still

stronger stimulus was much poorer in organic solids, than the

similar stimulus before the weak.

The fact that rapidly secreted saliva is not a pure solution,

and the considerations just presented concerning the independ-

ence of the alveoli of the gland render this observatoin of Hei-

denhain of doubtful value as evidence of the existence of se-

cretory nerves.

Moreover, there is good reason for doubting the truth of

Heidenhain's statement, in the quotation on page 333, that the

liquid derived from the blood is incapable of dissolvmg the con-

stituents of the cells in the absence of nerve influence. As has

already been pointed out, in treating of sympathetic saliva,

(page 322), if the thin chorda saliva be simply left in the gland

for twenty minutes, or more, it is converted into a dense, vis-
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cous fluid having all the characteristics of sympathetic sahva.

This conversion takes place with equal readiness whether the

gland nerves be intact or divided.

Heidenhain's own explanation, also, will be found on an-

alysis, I believ^e, to involve such assumptions as to arouse seri-

ous doubt of its truth. To explain this phenomenon on the

basis of secretoiy cell activity, he assumed separate "trophic"

nerve fibers acting on the cells. He thus necessitated the im-

probable conclusion, that at least many of the cells of the sub-

maxillary gland received at least four different nerve ends, i. c,

trophic and secretory of the sympathetic, and trophic and secre-

tory of the chorda ; and at least two entirely different nerve

impulses, /. c\, trophic and secretory. That such a conse-

quence should not have aroused suspicion in his own mind of

the truth of his explanation is difficult to understand.

b. Post-mortem Chorda Salivary Secretion.

Another strong argument that the chorda does not produce

its secretion by its dilator action on the blood vessels, but by di-

rect action on the gland cell, has been derived from the so-called

post-mortem chorda secretion. Ludwig and Heidenhain found

that if the gland's artery be completely closed, or if the head be

rapidly cut off, and the chorda at once stimulated, a fairly copious

secretion ensued. This secretion was most abundant in the first

minute after section, and thereafter rapidly diminished, but a lit-

tle could still be obtained four, and in some cases five, minutes

after decapitation, or compression of the artery. Thereafter the

nerve was ineffectiv^e. Heidenhain believed this secretion to be

due to the action of the nerve on the gland cell, and its rapid fail-

ure to lack of oxygen and water. Both Ludwig and Heidenhain

beheved that by the conditions of the experiment they entirely

eliminated the factor of the nerve's vaso-motor action, and hence

thought it demonstrative evidence that the secretory and dilator

functions of the nerve were independent.

I think it may be questioned, however, whether the condi-

tions of the experiment do entirely obviate the vaso-motor action

of the nerv^e, and whether it is not still possible that this dila-
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tion may cause the secretion. It is conceivable that this post-

mortem secretion might be due to the flow of blood from the

veins and arterioles into the capillaries, owing to the active dila-

tion of the latter during chorda stimulation. This explanation,

it is true, necessitates the assumptions that the chorda tympani

causes, on stimulation, an active dilation of the capillaries, or

veins, as well as of the arterioles, and that that dilation in some

manner makes it easier for the liquid to pass out into the secre-

tion. Both of these assumptions are difficult of proof, and in

the limited time at my disposal I have not been able to get

demonstrative evidence, either of their truth or error. There is

some reason to believe, however, that they may possibly be true.

That liquid passes out of the capillaries into the secretion of

the submaxillary gland because of an attractive pull exerted

upon it by some constituents of the gland cells, has been sug-

gested both by Ludwig and Heidenhain. To the evidence pre-

sented in favor of such a view by Heidenhain, I have nothing to

add, and in the normal condition of the capillary and gland

wall, I presume that the hypothesis is true. Ludwig supposed

that during chorda stimulation the attractive pull of the cell was

increased, owing to the formation of substances in the cell pos-

sessed of a higher endosmotic equivalent. Heidenhain believed

that the attraction of the cell for the liquid in the blood was

constant, but that on stimulating the chorda, the turgor of the

cell diminished owing to the passage of liquid into the gland

lumen, and water was thus enabled to enter the cell from the

blood. Both of these explanations, as will be noticed, assume

that in some manner the effectiveness of the attractive pull of

the cell is increased during nerve stimulation and water enters

the cells independent of the state of the vascular system. The

question which confronts us and which it was supposed this

post-mortem secretion settled is this : Does stimulation of the

nerve cause secretion by increasing in some manner the attrac-

tive pull exerted by the gland cells on the hquid of the blood,

or does it indirectly render effective by vaso-dilation an attrac-

tion which is constantly exerted by the cell on this liquid ?

This is a very difficult point to determine. The endeavor
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has been made to answer this question indirectly by showing

that vaso-dilation may ensue without secretion, and secretion

without vaso-dilation. But all the evidence which has hitherto

been offered, that vaso-dilation may ensue without secretion,

and that it alone is incapable of causing secretion, is invalidated

by the fact that the conditions of such experiments produce an

abnormal gland, or capillary wall, both factors which research

on lymph formation have shown to be of importance. Quinine,

hydrochloric acid, sodium carbonate, or atropine, drugs which

enable vaso-dilation to ensue without secretion, probably alter

the permeability of the capillary, or gland cell. So that infer-

ences can be drawn from such experiments as to processes oc-

curring in the normal gland only with the greatest caution. The
evidence with the exception of the post-mortem secretion, that

the chorda may cause a secretion without vaso-dilation is also

unsatisfactory, as pointed out on p. 355. Attention may now be

directed, hence, to this post-mortem chorda secretion.

It is probable from the considerations presented on page 338,

that the liquid causing this secretion is derived from the blood.

Can the chorda tympani act on the blood vessels in the absence

of circulation, in such a manner as to facilitate the passage of

that liquid from the capillaries to the gland cells ? The only

possible w^ay in which it might so act, I believe, is by causing

an active dilation of the capillaries or veins, as well as of the

arterioles. Is there any evidence that the chorda has such an

action ?

Tiegerstedt*^'^^'^ states that the capillaries are contractile but that

they have not hitherto been shown to be under nerve control.

Roy and Brown have brought forward strong evidence that the

capillaries are normally in a state of tonic contraction and that

they may actively expand independent of the blood pressure.

They observed in the capillaries of the web of the frog's foot

that, although blood pressure might be diminished almost to

atmospheric pressure, the application for an instant of chloroform

to the web caused an enormous expansion of the capillaries.

Interesting, also, in this connection, are the observations of von
Frey. v. Frey^'' examined microscopically the capillaries of the
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frog's tongue. He found that on stimulation of the dilator,

hypoglossal nerve, a dilation of the capillaries ensued even after

the blood supply had been cut off If the artery be clamped,

he observed that the blood streamed out of the capillaries both

into the arteries and veins. If, now, the hypoglossal be stimu-

lated the capillaries dilate and blood streams into them from the

arterioles and veins. This movement persisted for from one to

two minutes after clamping the artery. Furthermore, in ex-

perimenting on the blood flow from the veins of the submaxil-

lary gland of the dog during stimulation of the chorda, v. Frey

often observed that stimulation of the chorda was followed by a

temporary decrease in the rate of flow of blood from the vein,

before the ordinary increase. He suggests that this would seem

to indicate a widening of the capillary area leading to a back

flow of blood from the veins were it not more probable that the

increased flow from the dilated arterioles would be more than

sufficient to offset this.

These facts justify the conclusion, I believe, that on stimu-

lating the chorda tympani in the severed head, the capillaries of

the gland probably dilate, and that blood enters them from the

veins.

How such a vaso-dilation might lead to a secretion is not

clear, but two possibilities suggest themselves : (i) that the

capillaries are thus brought into closer relation with the alveoli,

and the constant attraction exerted by the gland contents for

the water of the blood is thus rendered effective ; or (2) that

vaso-dilation may in some way increase the permeability of the

capillary wall. The post-mortem chorda secretion can not, I

believe, be accepted unconditionally as illustrative of a secre-

tion independent of vaso-dilation, until these possibilities have

been shown to be non-existent, or non-essential.

If it shall be found that vaso-dilation of itself is a cause of

secretion in the normal gland, and that the gland cell is not the

secretory agent, the facts of secretion in the submaxillary gland

will probably necessitate the following conclusions, which are

not without interest for those studying the physiology of the

circulation: (i) That stimulation of the chorda causes an ac-
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tive dilation of the capillaries, as well as a dilation of the arte-

rioles. (2) That the sympathetic is able to overcome the

chorda*s action on the arterioles, but not its action on the capil-

laries. This is shown by the following fact : If, during strong

stimulation of the sympathetic, the chorda be irritated by a cur-

rent which by itself is barely able to arouse a secretion, a secre-

tion ensues which is certainly as large, if not somewhat larger,

than the chorda alone would cause. Such a weak stimulus of

the chorda is, however, unable to neutralize the sympathetic's

constrictor action on the arterioles, as shown by the observa-

tions of V. Frey. It will be necessary to assume, hence, that

the arterioles have remained contracted, while the capillaries

have dilated and blood has entered them from the veins produc-

ing a secretion analogous to the post-mortem chorda secretion.

I endeavored, in a variety of ways, to obviate with certainty

all possibility of the chorda's dilator action. By the injection

of supra-renal extract into the circulation I hoped to cause

such an intense peripheral constriction as to neutralize the di-

lator action of the nerve. I am indebted to Dr. R. H. Cunning-

ham for this suggestion. After division of the chorda I injected

into the jugular vein the whole of a normal salt extract of two

powdered supra-renal capsules of another dog. I found, how-

ever, that the injection was followed by a slow constant secre-

tion of what appeared to be sympathetic saliva, and that this

secretion was increased at all times by a very weak stimulation

of the chorda. Indeed, the chorda caused a larger secretion

after the injection than before, probably due to the v^aso- con-

striction in other areas of the vascular system. This result was

so discouraging that I did not attempt to repeat it.

Heidenhain remarks that large doses of physostigmin cause

such an intense constriction of the arterioles of the gland after

division of the chorda that stimulation of the latter nerve is un-

able to cause either a vaso-dilation, or secretion. Unfortunately,

Heidenhain does not ^w^ a full account of the experiment.

Were it true that the drug produces this effect within three or

four minutes of its injection, it would be, I believe, conclusive

evidence that secretion can not ensue in the absence of vaso-

Annals X. Y. Acad. Sci., XI, September 13, 1898—23.
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dilation, and that the nerve does not cause secretion by action

on the gland cells ; for it is known that the drug does not

directly paralyze the hypothetical secretory fibers, or the gland

cell. To obtain the details of the drug's action, I injected into

the jugular vein of a medium-sized dog o. i gr. of physostigmin

sulphate. But although the chorda was divided, a spontaneous

secretion began which stimulation of the chorda considerably

increased. This discrepancy from Heidenhain's results is prob-

ably due, I believe, to the impure calabar extract he used.

I endeavored to ascertain whether the presence of blood in

the capillaries was an essential condition of the post-mortem se-

cretion by forcing the blood out with air. After ligaturing the

carotid artery and placing in it a canula directed headwards I

rapidly cut off the head and allowed air to pass into the carotid

under a pressure of lOO mm. of Hg. The first experiment gave

a positive result. On stimulating the chorda a brief, scanty se-

cretion was obtained which quickly ceased. Examination of the

gland showed it to be practically bloodless. In two other simi-

lar experiments the post-mortem secretion was greatly reduced

in amount and ceased after i to 3 minutes, instead of lasting for

from 3 to 5 minutes, as normally. The glands in these experi-

ments still contained blood in the veins. The experiments indi-

cate, I believe, that the presence of blood in the capillaries is an

essential condition of this secretion. I regret not having been

able to bring my experiments to a more satisfactory con-

clusion, but it is to be hoped that the important bearing of this

post-mortem saliva upon the theory of secretion may lead to

its being made the subject of careful investigation.

From the following experiments the following conclusions

may be drawn relative to this post-mortem secretion :

I. After clamping the gland artery, or cutting off the head,

a secretion may be obtained from the submaxillary gland on stim-

ulating the chorda. This secretion is most abundant in the first

minutes, and thereafter rapidly diminishes. After four or five

minutes no more secretion can be obtained. The total amount

of saliva secreted varies from 0.3 to 1.5 cc. (Experiments

XVIII, XXII and LXIV.)
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2. If the gland be left without stimulation for a minute after

decapitation the total amount of saliva obtainable is considerably

reduced.

3. If the gland be not stimulated until 3 or 4 minutes have

passed a small secretion may be obtained 6 minutes after decapi-

tation. (Experiment XVIII.)

4. If air be blown into the carotid artery, after cutting off

the head, the secretion of saliva is reduced in amount and se-

cretion ceases, either abruptly or after 2 to 3 minutes. (Experi-

ments LXIII, LXVI and LXVII.)

5. If defibrinated blood be run under small pressure into the

vein of the gland a small secretion may be obtained 20 to 30

minutes after clamping the gland artery.

6. If the blood supply be cut off for 30 minutes, on read-

mitting blood the arterioles dilate, arterial colored blood issues

from the vein at a rapid rate and a spontaneous secretion begins.

The rate of this secretion is not changed by stimulation of the

chorda in the first minute. (Experiment Va.)

Experiment Va.

Large dog. 3 cc. i % morphine sulph. subcut. Tracheot-

omy. Ether. Canulae in both submaxillary ducts. Both

chordo-linguals and both sympathetics cut. The left vagus sub-

sequently divided also. The right gland is stimulated from

time to time. See p. 305. The left is freed from its tunic and

is attached only by the hilum. The vein on the upper surface is

open and flows continuously. The only blood vessel coming

to the gland is the hilum artery. The other artery was tied and

cut.

Readings computed in cc.

Time. Nerve. Amount of Secretiom

h m s h m s

^ 25 Clamped artery going to gland.

3 25 - 3 30 c Gradually less.

3 30 c None.

3 32 c '*

35 s .07
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o
J Z1 s .00

3 40 s .00

Inject 5 cc. .5% NaCl into duct.

o
J 41 S .05
^
J 42 Undamped artery.

3 43 30 c Active secretion.

3 44 Gland secretions spontaneously .17 cc. per minute.

Cut left vagus.

4 07 30 Clamped artery again.

4 07 30 - 4 08 Chorda (intermittent). .50

4 08 - 4 09 c .18

4 09 - 4 II 30 c .07

4 12 c .00

4 13 - 4 14 S .08

4 15 - 4 17 c-coil 12 .00

4 17 30 - 4 18 15 S .05 (very viscid)

4 20 s .00

4 23 Inject NaCI. 5% into duct.

4 24 s 30 sec. .04

4 25 c .00

4 26 - 4 27 s .00

4 28 Inject y^, cc. fluid into duct,

stimulation.

Most of it runs out before

4 29 S .025

4 29 30 Unclamp artery (red blood rushes out of vein).

4 30 - 4 31 Gland secretes spontaneously. .1 cc.

4 31 - 4 32
(.1 (< ti .12 cc.

4 6 c .30 CC. per minute.

4 35 4 32 Spontaneously secreting. .08 cc. per minute.

4 37 - 4 38 c I mm. .7 cc.

4 38 - 4 45 Spontaneously. .5 cc.

4 45 c .9 cc. per minute.

4 45 30 Clamped artery again.

4 46 30 - 4 47 30 c (coil 12) •5

Gland still slowly secreting spontaneously.

4 48 30 - 4 49 3^ c .1

4 50 - 4 51 c •03

4 51 30 - 4 52 30 c .005 in first thirty seconds,

then no more.

4 53 - 4 54 S .03

4 54 - 4 55 c .00

4 55 30 - 4 56 30 c coil 10 .00

4 57 - 4 58 s coil 10 • 015

5 02 Undamped artery.

5 02 30 c

Blood rushes continuously

unclamping the artery.

Readily secretes,

out of vein a bright red on

5 03 - 5 09 Gland secretes spontaneously 5 ^^•

5 09 - 5 10 s •05



5 13 30

5 13 40 -
5 14

5 14 40 -
5 17

5 17 30 -
5 18

5 19 -
5 20

5 20

5 22 -
5 23

5 24

5 25 -
5 26

5 35

5 35 30

5 36

5 40

5 45 —
5 46

5 47 -
5 48
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Clamped artery.

40 c .5

30 No stimulation.

30 c .03

c .02

c .00

S .OI

c .00

s .01

c .00

s .00

Undamped artery. Red blood rushes from tbe vein.

Chorda. Rapid secretion.

Gland secretes spontaneously.

Right Sympathetic. .1 cc.

Left Sympathetic. .04 cc.

Cut off head as rapidly as possible. Was unable to saw

5 49 30 through the vertebral column. All the muscles and skin

severed.

Right gla7td.

5 50 30-5 55 Intermittent stimulation of right chorda. .530

5 55 Chorda (coil 5) muscular contractions. No secretion.

5 57 Right sympathetic. ,22 CC.

6 10 Right sympathetic. .04 CC.

-. Left gland ; no secretion either from chorda or sympa-
•^ -^ thetic.

Experiment LIV.

Right submaxillary. Chorda and sympathetic cut. Dog
under morphine and ether. Tracheotomy. The dog's respira-

tions become very slow, and finally cease without any struggles,

and without ether. There was considerable fluid in the trachea.

4.46. Stimulate the chorda while dying, chorda effective

until 4.50. The secretion becomes less and less and finally

ceases.

I then stimulated the sympathetic and obtained a very copious

secretion of . 2 cc. No more secretion from either nerve.

Experiment LXIV.

Before cutting. 10 seconds stim. Coil 24. Secretes .79 cc.

Begin to cut at 4.50. i minute to sever head completely.

No secretion during operation.
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h m s h m
4 57 - 4 58

4 59

4 59 30

Amount.

Stimulates 3 times, 10 seconds at a time. .515 cc
*' 10 seconds .150 cc.

" 10 " .021 cc.

No more secretion.

4 08 15

4 09

4 09 15

4 10

Amount.

I. .235

2. .040
-->

J- .090

I. .070

2. .040

3- .060

.100

.030

t). 000

Total time of stimulation 50 seconds. Total amount. .686 cc.

From beginning to cut to end of chorda effect, 3 m. 30 s.

Experiment XXI.

Before cutting. Coil 20. 10 s. stimulation secretes .55 cc.

Begin to cut at 4.05. i minute to sever head completely.

No secretion during operation.

h m s h m
4 06 - 4 07 Stimulate 3 times, 10 seconds, at a time.

Dog swallows.

4 07 - 4 08 *' 3 times, 10 seconds at a time.

Swallows.

Coil to 10, muscular contractions, lo sec.

30 seconds stim. off and on (muscle).

No more secretion.

Coil 4. Heavy contractions (escape of cun-ent

Total time of stimulation, 85 seconds. Total amount, -665 cc.

Time from beginning to cut until end of chorda effect,

4 m. 15 s.

Experiment XVIII.

Before cutting. Coil 11. Stimulate 10 seconds.

Right gland secretes .64 cc. Left gland, .61 cc.

5.24.30 begin to cut head. Head severed in 30 s.

h m s h m Right gland.

5 25 - 5 26 Stimulate 3 times, 10 seconds at a time.

5 26 _ 5 27 '< 4 " " *'

5 27 - 5 28 " 40 seconds.

5 28 30 " 10 *'

Amount.

I. •125

2. .100

.080

I. .070

2. .050

J- .020

4- .QIC

.040 cc

.000
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Left Gland. Amount.

5 30 Stimulate left chorda lo seconds. .070

next 10 " .010

5 30 30 n II chorda (strong muscular contrac-

tions). .070

5 31 Left chorda. No more effect except on mus-

cular contraction.

Summary.

Right gland.

Total time of stimulation, 120 seconds. Total secretion, .495 cc. From be-

ginning of cut to end of chorda effect, 4 minutes.

Left gland.

Total time of stimulation, 20 seconds. Total amount, .080 cc. Time from be-

ginning to cut to end of chorda effect (2)5 minutes, 30 seconds.

Experiment LXIV.

Before cutting. Coil 18. 30 sec. stimulation. Secretes 2.1

cc. Cut head at 4.30, i^ minutes to sever completely.

h m s h m
4 31 40-4 36 Intemiittent stimulation. Secretes .250 cc.

No more secretion after 4.35.

4 38 Stimulate s}'Tnpathetic for two minutes, secretes .065 cc.

Time from beginning of cut to end of chorda effect 5 minutes.

Experiment XXII.

Before cutting. Coil 18. 10 sec. stim. Secretes .2 cc.

Cut at 6.07. 30 seconds to sever head completely.

h m s h m s

4 07 30 - 6 9. Stimulation, 1st 10 seconds .225 cc.

40 seconds stim. .060 cc.

6 09 20-6 19 10 Stimulate coil 18. 30 sec. stim. .150 cc.

6 10 30 Chorda no mre effect

6 12 Coil to 14. Muscular contractions .050 cc.

Total secretion .375 cc.

Time from cuttiug till chorda ineffective, 3 m. 30 s.

Experiment LXIII.

Small dog, Irish terrier, under ether. Canula in left Whar-
ton's duct. Tracheotomy, Chorda-lingual nerve cut. Pro-
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tected electrodes on chorda, Vago-sympathetic not cut. Can-

ula connected with air reservoir in the head end of the left

carotid artery.

Before cutting, stimulation of the chorda, with secondary coil

at 200, causes a secretion of 0.15 cc. in 10 seconds.

Head rapidly severed at 4.17 P. M. As soon as it was

severed I opened the cock, letting air into the carotid. I then

stimulated the chorda tympani at 4.18. Stimulation of the

chorda causes a secretion of .02 cc. Secretion then stops

and no more can be obtained by any strength of stimulus.

Experiment LXVI.

Conditions of the experiment as in Experiment LXIII. Be-

fore cutting off the head stimulation of the chorda for 10 seconds

with secondary coil at 180 causes a secretion of .17 cc.

Head rapidly severed from body at 3.03. Chorda stim-

ulated at 3.03.45 for 20 seconds. Gland secretes .20 cc.

Air then forced into the carotid artery.

3.04.30—3.05.30 stimulation of the chorda with secondary

coil at 130 causes .07 cc. Thereafter no secretion with a stim-

ulation of any strength.

Experiment LXVII.

Conditions of experiment the same as in Experiment LXHI.
Before decapitation stimulation of the chorda for 10 seconds

with secondary coil at 230 yields a secretion of 0.2 cc.

Dog decapitated at 10.49. ^*^ forced into carotid as soon

as cuttinigbegan. Head sev^ered in 30 seconds.

h. m. s.

10 49 45 Chorda 10 seconds. Coil 230 0.1 cc

10 50 30 t ( " " " 200 0.05

10 52 (

(

20 " " 180 0.05

Thereafter no more secretion.

Post-mortem examination shows the gland veins to be filled

with blood. The air does not seem to have penetrated the

gland.
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c. The Nature of the Action of Atropine and

Pilocarpine.

Atropine permits vaso-dilation, on stimulation of the chorda,

but prevents secretion. The drug has been supposed to act,

not on the gland cell, but on the ends of the secretor}' nerve

fibers. The reasoning for this is as follows : In the dog's sub-

maxillary, atropine paralyzes the chorda secretion, but not the

sympathetic. If the sympathetic innervate the gland cell and

cause its secretion by action on the latter, the gland cells con-

nected with this nerve have evidently not been paralyzed. As

there is no reason to suppose these cells different from those

connected with the chorda, it is probable that the cells con-

nected with the chorda have not been paralyzed. But if the

gland cells have not been paralyzed, and the dilator action of

the nerve remains unaffected, we must assume that there is some

third element connected with the nerve which has been para-

lyzed. This must be the element causing secretion, /'. c, the

secretory nerve fiber. The latter must be paralyzed at the nerve

termination, since, as far as known, atropine does not act on the

nerve fibre. This argument is true only for the dog and not

for the cat^' since, in the cat, atropine paralyzes the sympathetic

as well as the chorda. The argument, as will be seen, depends

on the assumption that the sympathetic causes secretion by

action on the gland cells. This, as pointed out, is probably in-

correct. The sympathetic produces its secretion by action on

contractile tissue. There is, hence, no longer any reason to

suppose that the gland cells have not been paralyzed by the

drug. How it acts upon the cell is unknown, but the effect of

that action is to prevent or diminish the passage ot fluid through

the cells. The variation in the susceptibility to its action of dif-

ferent glands in the same animal (compare the pancreas, salivary

glands and kidneys of dog), or of the same gland in different

animals (compare the pancreas of the dog and rabbit) points, I

believe, toward an action on the gland cell itself, the variations

in its action being due to variation in the chemical composition

oi the cells.
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That atropine does act on the gland cell is, perhaps, indicated

also by the action of its great antagonist pilocarpine. Pilocar-

pine, namely, produces a secretion of sweat two to three weeks

after cutting the sciatic of the cat, when the nerve is totally in-

active/' ^' ^•'' Luchsinger,^" in commenting on this, says that

this secretion must be due either (i) to action on the secretory

cells themselves, or (2) to the non-degeneration of the nerve

ends. The second possibility is impossible since these nerve

ends are not provided with nuclei. A similar secretion may be

obtained in the dog's salivary glands, fourteen days after cut-

ting both chorda and sympathetic. The evidence is here not so

conclusive since the submaxillary ganglion does not degenerate.

In the sweat secretion, however, I believe the evidence is fairly

strong that pilocarpine does act directly on the gland cell. It

thus strengthens the evidence that atropine also acts on the cell.

There is also reason for believing that atropine acts in some

manner on the capillary wall, thus reducing, or preventing the

transudation of lymph. It might, in this way effect secretion

from glands. This possibility has not received the attention it

deserv^es."^

The evidence that atropine checks lymph transudation is as

follows :

If atropine permitted the transudation of lymph normally en-

suing on vaso-dilation, it would be expected that, after its injec-

tion, stimulation of the chorda would render the submaxillary

gland cedematous, since fluid no longer passes into the secre-

tion. Quite the contrary is the fact. I have repeatedly stimu-

lated the gland all day, after the injection of atropine, w^ithout

producing a trace of oedema. Heidenhain ^"^ himself says :

" After atropine on stimulation of the chorda tympani no in-

* Heidenhain' s reasons for rejecting the possibility that atropine checks lymph

transudation and thus secretion will be found in Hermann's Handbuch. A strik-

ing instance of failure to consider this possibility is the following quotation from

Langley :

"Atropine prevents the stimulation of the hilum from producing a secretion.

Nicotine does not do this, therefore, atropine acts upon structures more peripheral

than those acted upon by the nicotine. Since nicotine acts on nerve cells, and

atropine does not act on gland cells, atropine must produce its paralyzing result by

action on the secretory nerve endings."
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crease in lymph flow occurs, even when during stimulation of

the chorda the medulla is stimulated and the blood pressure

greatly increased." Brunton in commenting on this says

:

" It appears to me that this circumstance can hardly be explained

otherwise than by supposing that atropin not only paralyses the

secretary fibres of the chorda, but acts upon the blood vessels

in such a manner as to greatly diminish or prevent the exuda-

tion which would usually take place from them into the lymph

spaces."

Heidenhain-"^ supposed that lymph normally left the blood

vessels on account of the secretory pull exerted by the gland

cell. Atropine prevented lymph transudation by paralysis of

the secretory chorda nerve ends. He was led to this conclusion

chiefly by the following facts: (i) No more lymph normally

leaves the blood vessels than passes into the secretion, and (2)

if one inject 4.9% solution of sodium carbonate, 0.5% hydro-

chloric acid or quinine sulphate into Wharton's duct the chorda's

secretory power is annihilated, but on stimulation the gland

becomes highly cedematous. If, however, atropine be injected

into the blood before the chorda is stimulated and after the in-

jection of quinine into the duct no oedema ensues, however long

the nerve be stimulated. I have fullv confirmed these observa-

tions. The most probable interpretation of these facts, it seems

to me, is that quinine prevents the passage of fluid through the

glands by action on the gland cells, but does not prevent lymph

transudation. That atropine, however, acts directly on the

capillary wall, as well as upon the gland cell, in such fashion as

to prevent lymph transudation and secretion.

A further indication that atropine checks lymph transudation is

the diminution in thoracic lymph flow after its injection. Tschir-

winsky^^ found that in morphinized animals thoracic lymph

flow fell from 3,75 cc. to 1.5 cc. and from 10 cc. to 4.2 cc. in a

given time. Atropine neutralized, also, the increased flow due

to curare. In the latter case it fell from 9 and 10 cc. to 2.5

and 5.3 cc. in a given time. As there is reason to believe

(Adami) that curare increases lymph transudation by direct

action on the capillary wall, the inhibiting action of atropine may
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be referred to an opposite action on the same structure. Not

knowing of Tschirwinsky's work, I had already performed simi-

lar experiments on the lymph flow, comparing it wath pancreatic

flow on vagus stimulation and after pilocarpine. I found (Ex-

periment V that atropine temporarily neutralizes the large

increase in lymph flow w^hich occurs concomitant with increased

panceas secretion during rythmic stimulation of the vago-sym-

pathetic after division of the cervical cord, and also neutralizes

the increased lymph flow due to pilocarpine.

Experiment Vb.

Medium-sized dog. Ether. Temporary pancreatic fistula.

Tracheotomy. Cervical cord cut. Artificial respiration. Tho-

racic duct prepared. Lymphatics of head and neck ligatured.

Readings every minute in cubic centimeters :

Thoracic Duct Pancreas. Thoracic. Pancreas. Thoracic. Pancreas.

Vagi uncut. .050 .009 .197 .009

.220 .02 .110 .013 .180 .004

.220 .02 •115 .012 .180 .008

.200 .02 y^ hour interval. .150 —

.200 .015 .120 .013 .190 .006

.180 .015 .119 .012 Rt. Vagus. Ryth. Coil 9.

.180 .010 .090 .009 .200 .000

.190 .015 .130 .011 .180 .000

.160 .013 .120 .010 .100 .002

.180 .017 .110 .010 .300 .068

•155 .017 .100 .008 — .025

•155 .018 .100 .009 — .015

.170 .015 .102 .004 — .015

Cut vagi in neck. .100 — Off.

.280 015 Clot. .160 .020

.220 .010 I shock per second. .140 .010

.160 .005 Rt. Vagus. Ryth. Coil 10. .150 .005

.100 .003 .150 .009 — .010

.120 .007 .220 .006 Rt. Vagus. Ryth. Coil 9.

. 100 .009 .250 .010 .360 .006

.100 .010 .170 .005 .200 .009

.060 .015 .230 .010 .240 .005

.050 .020 Current off Coil to 4.

.090 .010 .200 .005 .200 .005

.120 .015 .190 .007 — .008

.120 .003 .220 .007 Off.

.120 .007 220 .005 Clot. 0.15

.065 .010 .310 .002 I

:

.oil

•125 .010 .210 .001 Left Vagus Ryth. Coil 9.

.100 .oil .180 — •550 .030
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Thoracic. Pancreas. Thoracic. Pancreas. Thoracic. Pancreas.

.290 .005 .120 .005 .270 .015
— .005 — .010 — .005
— .005 •175 .025 .230 .005
— .010 .225 .045 .240 .000

Coil to 6 .015 250 .0.55 — suddenly .120

.060 220 110 .250 .080
— .090 — .120 Inject .5 cc. atropin into

.240 .100 320 .140 supra- scap. vein

— .090 .300 130 Stimulation continued

Off. Then on by accident. Off. .250 .050

.230 .060 — •115 .200 .070

Off .170 .065 — .030

.140 •035 .200 .030 .180 .020

.170 .030 .150 — .140 .015

.160 .030 .200 .030 •145 .015

.120 .015 — .020 •155 .015

.170 .015 — .015 .110 .OJO

.130 — .140 .015 .120 .015

.170

Left Vagus. Ryth.

.010

Coil 6.

.140

•145

.010

.016
.120

Off.
.007

.008
.140 .007 •135 .009

.130

•5 c

.080

.040

.010
.130
.060

.140

.002.

.009

.090

.130

.160

Left Vagus. R

.005

.017

ythmical.

:. atropin

.010

.010
.200

.290

.120

.130

.140

. 160

.250

.210

.002

.008

.000

.090

.100

.100

.005

.007

.008
.235

.280

.110

.130

.240 .001

.015
.120 .012

.235 .130 300 .075
. 100 .007

.005
.250 .080 .300 .035

. 100

Off 270 .045
. no .005

.006

Coil 6.
.340
.210

.154

.116 350
.100

100
Stim. Left Vagus.

.190

.160
.052

•043

.300 110
.140

.070

.100

.010

.C08

.190

.190

.170

.020

.020

.025

.011

Left Vagus.

220
.280

Ryth

Off.

Coil 6.

.110

070

. 120

.160

.160

.230

.200

.002

.000

.000

.000— .014 .200 .070
.260 .000

•15s .015 .200 .050
.170 .000— .010 .230 .020

.180
.200 .000

.150 .010 .025
Off

.150 — .180 .030 .250 .000

Left Vagus. Ryth. Coil 6. •155 .005 .170 .000

.210 .010 145 .005 .190 .000

.190 .000 Left Vagus Ryth Coil 6.

This experiment is of interest, not only as a clear confirmation of Pawlow and

Mett, l)ut because of the invariable increase in thoracic lymph flow occurring on

stimulation of the vagus. I have repeatedly sought to obtain other experiments like

it, but never with such success. The operation is long and apt to miscany at some

point.
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Experiment XI.

Dog, etherized. Canula in thoracic duct. Readings in cc.

every minute.

Thoracic duct.

.150, .220, .200, .180, .300, .230, .250.

I cc. I % pilocarpine into left femoral vein. Dog perfectly quiet.

.250, .300, .500, .600, .400, .460, .400.

1 cc. pilocarpine.

.490, .410.

I cc. I ^ atropine I %

.

.240, .090, .060, .070, .no, .110, .120, .090, .090.

Moved head.

.220.

I cc. atropin.

.130, .100, .070, .060, .040, .120.

2 cc. pilocarpine.

,100, .080, .120, .130.

I hour interval.

.160.

It is not without interest in this connection that pilocarpine,

contrary to atropine, increases lymph flow. This was first ob-

served by Tschirwinsky.^^ My own experiments have yielded

a positive result generally, but not invariably. In all cases the

dogs had divided cervical cords, and generally divided vagi.

They were all under artifical respiration. The lymph was

measured in cc. for equal intervals of time.

Experiment.
Before pilocarpine

injection.

After the injection

of 1-2 cgs. of pilo-

carpine.

Remarks.

II

29

14

4

62

1.53

2.44

0.50

1-55

1. 41

3.00

6.09

1.72

10.40

1.69

7 minutes. Dog motionless.

Some movements of

abdomen.

Motionless. 9 minutes.

Movements.

No movements. Pancreas

did not secrete either.

In experiments 11 and 14 there were no visible movements.

The flow of the seven minutes after injection in No. 1 1 was
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double that of seven minutes before, and in experiment 14 was

three times as great. In experiment 62, however, there was

scarcely any difference.

The evidence presented in the foregoing pages, if not conclu-

sive, certainly indicates that atropine restricts and pilocarpine

increases lymph transudation. They may in this manner affect

secretions. In any case, if the sympathetic causes its secretion

by action on contractile tissue in the gland, there is no longer

any reason against assuming that atropin acts directly on the

gland cell, in such manner as to check the passage of fluid

through it, and thus to prevent secretion.

d. The Action of Quinine and Nicotine.

We have considered the three main objections which have

been raised against the chorda salivary secretion being an osmosis.

There are, also, certain other phenomena which have been

thought indicative of the independence of the secretory and di-

lator action of this nerve, and, hence, are worthy of a short

criticism.

The first is the action of quinine, which when injected into

the gland duct causes a temporary vaso-dilation, but no secre-

tion. If, however, the chorda be stimulated, still greater dila-

tion ensues and secretion takes place. This secretion is less than

normal. Heidenhain^^ interprets this to mean that vaso-dila-

tion cannot of itself produce a secretion, but that the secretory

fibres must be aroused. (See literature reference No. 21, p. 85.

Also reference No. 23, p. 45.)

The facts may, however, be otherwise understood. Quinine

prevents the passage of liquid through the gland cell. This is

shown by the fact that ultimately it prevents chorda secretion,

even though the gland become oedematous. If the permea-

bility of the gland membrane be thus diminished, the slight

vaso-dilation caused by the drug may be insufficient to cause a

secretion, whereas a larger vaso-dilation on stimulating the

chorda might overcome this resistance. Another possibility is

that the quinine reaches a portion only of the alveoli, poisons

these, and throws their capillaries and arterioles into dilation.
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On stimulating the chorda the secretion may be derived from

unpoisoned alveoli of which the blood vessels have not hitherto

been in dilation.

The value of Langley's and Heidenhain's observation, that

the secretory fibres of the chorda tympani recover, after nico-

tine poisoning, before the dilator fibres, is seriously impaired by

a defective method of determining whether vaso-dilation did, or

did not, occur. If we admit that the rate of flow of blood from

the gland's vein is a criterion by which we can determine

whether vaso-dilation has or has not occurred their conclusion

is justified. But reflection shows that if vaso-dilation be slight

the amount of water passing out into the secretion might so re-

duce the bulk of blood flowing through the gland as to mask

entirely all effects of the increased flow due to vaso-dilation.

In fact, the flow of blood from the vein would be a safe cri-

terion of dilation, only if there were no escape of liquid through

the capillary wall, a condition which manifestly does not here

exist. Langley's and Heidenhain's conclusion that the secre-

tory function recovers before the dilator is, hence, unjustified.

The same criticism applies, also, to Heidenhain's observation

that after the chorda tympani has been cut and allowed to de-

generate for three or four days stimulation still causes an in-

crease in the paralytic secretion, but no increase in blood-flow

from the vein.

e. Evidence of the Osmotic Character of the Salivary

Secretions which are Accompanied by Vaso-dilation.

I wish now to summarize briefly those features of secretions,

accompanied by vaso-dilation, which indicate that they are ofan

osmotic character.

(l) In structure the salivary glands have all the require-

ments of an elaborate osmotic mechanism They are, essentially,

extraordinarily thin -walled bags, possessing an enormous sur-

face, containing a mass of hydroscopic indiffusible substances.

The outer surface of this bag is in intimate association with a

mesh work of capillaries so coordinated by the nervous system

as to permit an almost instantaneous flooding of the gland mem-
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brane. Plainly here are all the requisites of a delicate osmotic

mechanism adapted to the most rapid osmosis.

(2) Chorda secretion is closely dependent on blood supply.

(Compare p. 342.) Heidenhain has shown that partial occlusion

of the artery diminishes the rate of secretion (p. 88, Breslau

Studien IV.)

(3) If the osmotic equivalent of the blood be increased by the

injection of strong salt solutions the secretion is diminished or

altogether inhibited. ^^ ^^

(4) If the osmotic equivalent of the blood be decreased by the

injection of water the rate of secretion is in creased.
"^'^

(5) The rate of secretion is increased, other things equal, by

an increase in the rate of blood flow through the gland. '^^
'^^

(6) The rate of secretion diminishes when the hylogens are

washed out of the gland. (Paralytic secretions, secretion after

long stimulation.)^'^

(7) Substances may be absorbed with extraordinary rapidity

when injected into the duct (nicotine, atropine).

(8) If the percentage of salts in the blood be increased the per-

centage of salts in the saliva increases also. If the percentage of

salts in the blood be decreased, the percentage of salts in the

saliva decreases also."^^ ^^ ^^

(9) If the artery of the gland be clamped for 20—30 minutes,

and the blood thus completely cut off from the gland, on read-

mitting the blood a vaso-dilation ensues, so that the blood rushes

red from the gland veins, and this vaso-dilation is accompanied

by a spontaneous secretion. Stimulation of the chorda in no

way alters this secretion during the first minute, nor until the

dilation has somewhat diminished. This spontaneous secretion

is a close duplicate of that observed by Levy in the secretion of

sweat. [Experiment V (a).]

Although this spontaneous secretion might, perhaps, be ex-

plained by supposing that a direct stimulation of nerve-end or,

cell by the oxygen has taken place, it seems more probable to

me to class it with the spontaneous secretion of sweat in the

horse, following section of the cervical sympathetic, and to refer

it to the direct effect of vaso-dilation.

Annals N. Y. Acad. Sci., XI, October 13, 1898—24.
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f. CoNXLusiox. The Physiology of Salivary Secretion.

If the sympathetic saHvary secretion shall be found to be due

to the action of contractile tissue, and if the criticisms of the ob-

jections to considering the salivary secretion, coincident with

vascular dilation, an osmosis, be sustained by subsequent work,

the following conclusions concerning the physiology of this

secretion may be drawn.

The saliv^ary glands may be caused to secrete, either by the

action of contractile tissue under control of the sympathetic

nerve or by osmosis under control of the vaso-dilator nerve.

Probably in normal secretion both of these nerves come into

play, but of this evidence is as yet lacking.

Drugs, or other reagents, may arouse secretion by action on

either or both of these mechanisms. I would suggest that

secretion following strychnine injection, camphor, pikrotoxin,

physostigmin (after division of the chorda) are due to the con-

tractions of the contractile tissue. All of these drugs stimulate

the nerve centers and cause a pronounced vaso-constriction.

On the other hand, pilocarpine, nicotine, muscarine, curare and

chloral hydrate, or other drugs with a similar action on the

vascular system, probably cause secretion partly by vaso-dila-

tion and partly by increasing the permeability of the gland mem-
branes. Such drugs work through an osmotic mechanism. A
third class of drugs, such as quinine, atropine, hydrochloric acid

or sodium carbonate may produce vaso-dilation, but probably act,

also, on the gland cells in such manner as to diminish their per-

meability- Most of the work which has hitherto been done

upon the action of drugs on salivary secretion needs to be re-

peated with the possibility in mind that the chorda and sym-

pathetic induce secretion in these different ways.

The osmotic mechanism of secretion in the salivary glands is

probably dependent on the condition of the gland and capillary

membranes, upon the composition of the blood, upon the rate

of flow of the blood and the character and amount of hylogens

present within the gland. The evidence that the course of os-

mosis is controlled by the action of nerves directly on the gland
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cells is open to serious criticism. That chorda saliv^ary secre-

tion can ensue without vaso-dilation may be seriously doubted,

not only for the reasons already stated, but because in the

pancreas there is good reason to believe that secretion can not

take place without vaso-dilation. (See p. 361.)

V. SOME OTHER SECRETIONS.

The submaxillary gland, considered in the foregoing pages,

may be taken as a type of all the salivary glands, as each pos-

sesses a dilator secretory nerve, and a constrictor, sympathetic

secretory nerv^e. I wish now to consider some other secretion in

the light of the conclusions derived from the physiology of the

submaxillary.

a. The Physiology of Sweat Secretion.

There is reason to believe that the mammalian sweat glands

also have a double mechanism of secretion, a muscular and an

osmotic. These glands are surrounded by a sheath of muscle

fibres lying, like those of the skin glands of amphibia, be-

tween the cells and the basement membrane. From the obser-

vations of Ranvier, Joseph and others, who have shown that

upon stimulation of the sciatic this muscle contracts, there can

be little doubt that a secretion may thus be formed. Probably

sweat secretions ensuing coincident with vaso-constriction, upon

the injection of strychnine, upon stimulation of the sciatic in the

amputated limb or after compression of the blood vessels is due

to this mechanism.

On the other hand, certain secretions of sweat are too copi-

ous to be due to muscular constriction of the gland. That

those secretions probably fall under the second, or osmotic,

mechanism is shown by the following facts :

(i) The coincidence of vaso-dilation and sweat secretion.

Most sweat secretions are normally accompanied by vaso-dila-

tion. If the cervical sympathetic of the horse be severed,

strong' hypersemia and sweating occurs on the side of the neck

the nerve governs. This sweating ensuing after nerve division
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can hardly be explained, I think, on the basis of secretory cell

activity.

(2) Pilocarpine, which does not cause contraction of the mus-

cular sheath, causes a profuse secretion.

(3) The vaso-motor and secretory fibres in the cat follow the

same paths.

(4) Pilocarpine causes sweat secretions fourteen days after

nerve degeneration.

(5) If the blood supply be cut off, on readmitting the blood

after 30 minutes, a spontaneous secretion occurrs.*^ The sim-

ilar secretion in the submaxillary is invariably accompanied by

vaso-dilation.

(6) Increasing the capillary blood pressure or drinking large

quantities of water increases secretion.

The facts, as far as they go, are the same as those observed

in the cerebral salivary secretions and pancreatic secretion

They justify us, I believe, in classing all three secretions in the

same category. That these sweat secretions are of an osmotic

character would thus be indicated. That other sweat secretions

are due to muscle there can be little doubt.

/;. The Secretion of the Pancreas.

Secretion of the pancreas is normally accompanied by vaso-

dilation. In its relation to atropine, its increased content of or-

ganic bodies coincident with an increased rate of flow, and in

taking place after compression of the aorta, pancreatic secretion

resembles the submaxillary secretion on stimulation of the

chorda tympani. There is reason to believe, however, that the

pancreas cannot secrete unless the blood vessels dilate. Thus

the means employed by Pawlow,'^'' Mett'^ and Kudrewetsky^^ to

give the vagi a secretory function are just the means used by

Bowditch, Luchsinger and others''*^ to give the sciatic and other

mixed dilator and constrictor nerves a dilator action. These

authors either cut the vagi and splanchnics, and allowed them to

degenerate three or four days, or else they stimulated them

with rythmic induction shocks, at the rate of one per second

after division of the cervical cord. There are two possible ex-



SECRETION PHYSIOLOGY. 361

planations of the fact that stimulation of the normal nerve with

the cord undivided causes no secretion. Either the nerve carries

inhibitory secretory as well as secretory fibres, or stimulation

of the nerve is unable to cause a secretion without vaso-dilation.

The first alternative Heidenhain has particularly combatted in

the case of the submaxillary, and it appears to me lacking all

proper experimental basis. The second alternative is probably

the true explanation, for the reason that stimulation of the nor-

mal nerve below the cardiac branches causes no alteration in

blood pressure, and for the reason that the treatment to which

the nerve is subjected is calculated to give it a dilator action.

If this be true the pancreas would appear fundamentally differ-

ent from the salivary glands, unless, as I have endeavored to

show, the latter are, also, in reality, unable to secrete on stim-

ulation of the chorda or other cerebral nerve, unless vaso-dila-

tion ensues.

Further evidence of the dependence of pancreatic secretion

on vaso-dilation is furnished by the action of pilocarpine, chloral

hydrate^^ and curare, drugs which cause vaso-dilation and secre-

tion, and by strychnine, ^'^ or digitalis, drugs which cause vaso-

constriction and inhibit secretion. Heidenhain, ^^ also, has

observed a close correspondence between vaso-dilation and

secretion, and between vaso-constriction and the cessation of

secretion. This parallelism between vaso-dilation and secretion

can not be accidental. It indicates, I believe, that the dilation

is the cause of the secretion, other things being normal.

VI. GENERAL CONCLUSION.

We have now considered the evidences of the existence of

secretory nerves, and the reasons for believing that secretion is

a function of the gland cells. While readily admitting the pos-

sibilities that secretion may in certain instances be a function of

the gland cell, controlled by the action on it of secretory nerve

fibres, we have seen reason to believe that certainly many so-

called secretions are due not to the gland cell, but to the action

of contractile tissue either within or about the gland. Among
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such secretions are the salivary secretions following stimulation

of the sympathetic, certain secretions of sweat, the secretion of

the cephalopod salivary glands and of the skin glands of am-
phibia.

Whether those secretions which are normally accompanied by
vaso-dilation, such, for instance, as the salivary secretions follow-

ing stimulation of the cerebral nerves and the secretions of the

alimentary tract and its appendages, are governed by nerves act-

ing directly on the gland cells, or indirectly through the vascu-

lar system, cannot with certainty be said. But I believe it has

been shown in the present paper that the evidence which has

hitherto been offered that such secretions are controlled by
nerve action on the gland cell is open to serious criticism. The
remarkable parallelism between the hypothetical secretory and

vaso-dilator fibres, the close dependence of such secretions on

the vascular system, the general features of such secretions and

the structure of glands, all indicate, I believe, that osmosis is

the essential cause of these secretions, and that they are con-

trolled by the action of nerves on the vascular system. No
one would deny that the course of these secretions is modified

by the condition of the gland or capillary wall, and that that

condition is easily affected by drugs, but that nerve action di-

rectly affects that condition, I do not believe the evidence

entitles us to say.

Probably the study of these secretions from the standpoint of

osmosis will bring to light facts difficult to reconcile with our

present knowledge of osmosis. But while our knowledge of the

latter process through membranes undergoing chemical change,

such as gland membranes, remains in its present fragmentary

state, I do not believe that we are justified in assuming a special

sort of secretory activity on the part of the gland, or capillary

cell, unless the facts are certainly irreconcilable with any other

hypothesis.

In short, while fully admitting the possibility that nerves may
act on gland cells, in some way affecting osmosis through them,

it appears to me that, in the present state of our knowledge of

secretion, the assumption of a particular secretory function of
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cells, and of special secretory nerves, is unwarranted, unneces-

sary, and, in certain particular cases, opposed to the phenomena

of the secretion itself.

SUMMARY OF RESULTS.

(i) The sympathetic nerve induces salivary secretion by

acting on contractile tissue in the glands and thus causing a

compression of ducts and alveoli.

(2) The chorda tympani, or other dilator salivar}', secretory

nerve probably causes secretion by its dilator action on the blood

vessels, thus increasing osmosis.

(3) The evidence that the chorda tympani acts on the gland

cells is open to serious objections, as follows :

{a) Atropine probably acts directly on the gland cells and

capillary endothelium, diminishing their permeability.

(U) The post-mortem chorda salivary secretion is possibly

due to a back flow of blood from the veins owing to a dilation

of the capillaries.

(<r) The increased content of organic matter in a secretion

coincident with an increased rate of secretion is of little value

as evidence of secretory nerves, because (i) saliva is generally

not a true solution, and (2) a weak stimulus probably arouses

but a portion of the gland.

(<:/) The evidence derived from the action of nicotine and

the degenerated chorda tympani that secretion may ensue on

stimulation of the chorda without vaso-dilation is of doubtful

value, because of an erroneous method of determining that

vaso-dilation had not occurred.

(4) The sweat glands and the amphibian skin glands, like the

salivary glands, receive a double nerve supply and prcbably pos-

sess a double mechanism of secretion, /. c, a muscular and an

osmotic.

(5) Whether secretory nerves exist or whether secretion is

ever a function of the gland cell must be considered at present

an open question.

(6) The thoracic lymph flow in dogs reacts to nerve stimula-
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tion and drugs very similar to pancreatic secretion. It is in-

creased by rhythmical stimulation of the vagi after division of

the cervical cord and by pilocarpine and chloral hydrate, and

decreased by atropine.

CoLUMKiA University, April, 1898.

VII. LITERATURE.

1. Adami. On the Nature of Glomerular Activity in the Kidney:

Journal of Physiology, VI. 1885.

2. Adamkiewicz. Ueber Schweisssecretion : Archiv. f. Anat. u.

Physiol. {Physiol. Abth.). 1887 and 1880.

3. Afanassiew and Pawlow. Beitrage zur Physiologic des Pan-

creas : Archiv f. d. gesa/n. Physiologic, XVI. 1878.

4. Barfurth. Ueber den Bau und die Thiitigkeit der Gasteropoden

Leber: Archiv f. Mik. Auatomie, XXII. 1883.

5. Bayliss and HiU. The Formation of Heat in the Salivary

OXzxi&i'. Journal of Physiology, yiy\. 1894.

6. Berkely, John. The Intrinsic Nerves of the Submaxillary Gland

of Mus Musculus : The Johns Hopkins Hospital Reports, Vol. IV.

CajaL Barcelona, 1893.

Huber.. Observations on the Innervation of the Sublingual and

Submaxillary Glands : Journal of Exp. Medicine. \o\. I. 1896.

Marinescu. Ueber die Innervation der Driiseiv der Zungen-

basis : Archiv f. Anat. u. Phys. (Phys. Abth.'). 1891.

DogieL Die Nervendigungen in der Thranendriise der Sauge-

thiere : Arch. f. Mik. Anatonlie, XLII. 1893.

Retzius. Biologische Untersuchungen, III, 1892 ; IV. 1893.

7. Claude Bernard. Lemons sur les proprietes physiol. et les al-

terations }jathologiques des liquides de I'organisme, II. 1859.

8. Blochmann. Ueber die Driisen des Mantelrandes bei Aplysia

-Hid verwandten Formen : Zeitschft. f IVissensch. Zoologie,

XXXVIII. p. 414. 1883.
r

9. Brown-Sequard. Journal de Physiol., \\. 1859.

11. Drasch. Beobachtungen an lebenden Driisen mit und ohne

. Reizung der Nerven derselben : Archv. f Anat, u. Phys., 1889.

(Phys. Abth.).

12. Dupuy. Journal de Med., XXXVII. 18 16. See also Golz.

Arch.f d. Ges. Phys., 1875.



SECRETION PHYSIOLOGY. 365

13. Eckhard. Der Sympathicus in seiner Stellung ziim Secretion

in der Parotis des Schafes : Eckhara' s Beitrdge, IV. Also Zeit.

/. rat. Median., XXIX.

14. Ellenberger und Hoffmeister. Beitrag zur Lehre von der

Speichelsecretion : Archv.f. Anat. u. Fhys, iSSy. {Supp.)

15. Ellis. Plethysmographic and vaso-motor experiments upon

Frogs: Journal of Physiology, VI. 1885.

16. Engelmann. Ueber das Vorkommen und die Innervation von

contractilen Driisenzellen in der Froschhaut : Arch. f. d. ges. Phys.

IV. 1871.

17. von Frey, Max. Ueber die Wirkungsweise der erschlaffenden

Gefassnerven : Ludwig's Arbeiten aus der. Physiol. Anstalt zu

Leipzig, XI. 1876.

18. Giannuzzi. Von der Folge des beschleunigten Blutstromes

fiir die Absonderung des Speichels : Ber. d. K'dnig. Sachs, Gesell-

schaft d. Wissench, 1865, p. 68.

xg. Gottleib. Beitrage zur Physiologie und Pharmakologie der

Pankreas Absonderung : Archiv f. exper. Path. u. Pharifiakol.

XXXIII. 1893-94.

20. Grunhagen. Iris u. Speicheldriise : Zeits. f. rat. Medicin^

XXXIII. 1868.

21. Heidenhain. Beitrage zu der Lehre von der Speichel Abson-

derung : Studien des physiol. Lnstituts zu Breslau^ IV. 1868.

22. Heidenhain. Ueber Secretorische u. Trophische Driisen-

nerven : Archv. f. d. gesain. Physiology, XVII. 1878.

23. Heidenhain. Hermann's Handbuch der Physiologie, Bd. V,

Leipzig, 1880.

24. Heidenhain. Ueber die Wirkung einiger Gifte auf die Nerven

des Glandula Submaxillaris : Archv. f. d. gesam. Physiologie, V.

1872.

25. Heidenhain. Einige Versuche an den Speicheldriisen : Archv.

f. d. gesam. Physiologie, IX. 1874.

26. Heidenhain. Versuche und Fragen zur Lehre von der Lymph-
bildung : Archv. f. d. gesajji. Physiol., XLIV. 1891.

28. Hering. Ueber die Ursache des hohen Absonderungsdriick in

der gld. Submaxillaris : Ber. d. Wiener Akad. Bd. LXVI,
Abth. III. 1872.

29. Joseph, M. Ueber Schvveiss und TalgdrLisensecretion : Archv.

f. Anat. u. Phys. 1891.

30. Kendall and Luchsinger. Zur Innervation der Gefasse

:

Archv.f. d.' ges. Physiol., XIII. 1876.



366 MATHEWS.

31. Krause. Die Speicheldriisen der Cephalopoden : Centralbl. f.

Physiologic , IX. 1895.

32. Kudrewetsky. Chemismus der Pankreasabsonderung unter

dem Einflusse der Nervenreiziing : Archv. f. Anat. ti. Phys. 1894.

(Phys. Abth.)

33. Kuhne u. Lea. Beobachtungen iiber das Secretion des Pan-

creas : Studien aus dem Physiol. Instituts zu Heidelberg, II. 1882.

34. Lang. Text-Book of Comparative Anatomy, II, English

Translation. Macmillan, 1896, p. 399.

35. Langley, J.N. Zur Physiologic der Speichelabsonderung I.

Voni Eniflusse der chorda tympani und des n. Sympathicus auf die

Absonderung der Unterkieferdriise der Katze : Untersuch. aus dem

Physiol. Listifiit. zu Heidelberg, I. 1878.

36. Langley, J. N. The Antagonism of Poisons: Journal of

Physiology, III. 1881.

37. Langley. On the Physiology of Salivary Secretion. IV. The
effect of atropin upon the supposed varieties of Secretory Nerve

Fibres: Journal of Physiology, I'X. 1888.

38. Langley and Fletcher. On the Secretion of Saliva. In

particular the Secretion of Salts in it : Philosoph. Transact, of the

Royal Soc, CLXXX, B. 1889.

39. Langley. On the Physiology of Salivary Secretion. V. The
effect of stimulating cerebral secretory nerves upon the amount of

saliva obtained by stimulating the sympathetic nerve : Journal

of Physiology, X. 1889.

40. Langley. On the Changes in Serous Glands during Secretion:

Journal of Physiology, II. 1879-80.

41. Langley. On the Physiology of Salivary Secretion, VI:

Journal of Physiology, XL 1890.

42. Langley. On the Physiology of Salivary Secretion, III.

Paralytic Secretion : Jour/ml of Physiology, VI. 1885.

44. Levy, Max. Ueber Blutfiille der Haut u. Schwitzen: Deutsche

Med. Wochenschr., p. 615, 1892.

45. Leydig. Die Circumanaldriisen des Menschen : Sitzungsber.

d. Wiener Akad., II, p. 329, 1871.

46. Luchsinger. Die Wirkung von Pilocarpin u. Atropin auf

die Schweissdriisen der Katze: Archv. f. d. ges. Physiol., XV.

1877.

47. Luchsinger. Hermann'' s Handbuch der Physiologic, Bd. V, p.

426. 1880.



SECRETION PHYSIOLOGY. 367

48. Ludwig. Neue Versuche liber die Beihilfe der Nerven zii der

Speichelsecretion : Zimscher Natiirf. Geselhchft. Mitthcil. 50.

Also Zeit. f. j-af. Medicin, N. F. I. 185 1.

49. Ludwig, C. und Spiess. Vergleichung der Warme des Un-
erkieferdriisen Speichels und das gleichzeitigen Carotidenblutes

:

Zeitsch.f. rat. Medicin, N. F. XI. 1857.

51. Macleod. Notice sur I'appareil venimeiix des Araneides :

Archive d. Biologic, I. 1880.

52. Marme. Nachber. d. k'oii. Gesellsch d. IViss. zu Gotfitigefi,

p. 102. 1878.

53. Mett. Beitrage zur Physiologic der Absonderung, Zweiter

Mittheil. Zur Innervation der Bauchspeicheldriise : Archv. f.

Anat. II. Phys. {Fhys. Abth.). 1894.

54. Novi. Ueber die Scheidekraft der Unterkieferdriise : Arch. f.

Anat. II. Phys. {Physiol. Abth.). 1888.

55. Nussbaum. Ueber den Bau und die Thatigkeit der Driisen :

Arcliiv f. link. Anat., 1882.

56. Ostroumoff. Versuche liber die Hemmungsnerven der Hautge-

fasse : Archiv f. d. Physiologic, XII. 1876.

57. Pawlow, Beitrage zur Physiologie der Absonderungen. Inner-

vation der Bauchspeicheldriise : Arch. f. Anat. u. Phys. (^Phys.

Ahth.). 1893.

58. Pawlo\v and S.—Simanowskaja. Die Innervation der

Magendriisen beim Hunde : Hermann und Schwalbe Jahresbericht,

1889.

59. Puelma u. Luchsinger. Zum Verlauf der Gefassnerven im

Ischiadicus der Katze : Arch. f. d. ges. Physiol., XVIII. 1878.

60. Pfluger. Die Speicheldriise, Strieker's Handbuch der Lehre

V. d. Ge70cbe, Leipzig, 1871.

61. Rahn, C. Untersuchungen liber Wurzeln und Bahnen der Ab-

sonderungsnerven des Glandula parotis beim Kaninchen : Mit-

thcil. der Zuricher I\Faturfor. Gesellschft, 6^,'

62. Ranvier. Le Mechanisme de la Secretion : Journal de Mi-

crographie, p. 150, 1880.

63. Rawitz. Ueber den feineren Bau der hinteren Speicheldrlisen

der Cephalopoden : Archv. f. Mik. Anatomic, XXXIX. 1892.

64. Ribbert. Die normale u. pathol. Physiologie u. Anatomic der

Niere : Bibliotheca Med. Abth. C. Cassel, 1896.

65. Schiff. Lemons sur la Physiologie de la Digestion, II, p. 304.

1867.



368 MATHEWS.

66. Schluter. Disquisitiones microscopicae et physiolog. de Glan-

dulis Salivalibus : Inaug-Diss. Breslau^ 1865. (Quoted from

Pfliiger).

67. von Sobieranski. Ueber die Nierenfunction und die Wirk-

ingsweise der Diuretica : Archv. f. exp. Path. ii. Pharin., Bd.

XXXV. 1895.

68. Starling, E. H. On the Mode of Action of Lymphagogues

:

lournal of Physiology, XV II. 1894-5.

68a. Tiegerstedt. Lehrbuch der Physiologie des Menschen, I,

Leipzig, 1897.

69. Tschirwinsky. Beobachtungen iiber die Wirkung einige

phamakolog. , Mittel auf die Lymph Ausscheidung : Arch. f. Exp.

Path. u. Pharm., Bd. XXXIII. 1893-4.

70. Unna, P. G. Zur Theorie der Driisensecretion, insbersondere

des Speichels : Cent./, d. Med. WissenscJi, 1881, p. 258.

71. Vierheller. Beitrage zur Anatomie u. Physiologie der Parotis

desSchafes: Zeit. f. rat. Med. XXXI. 1868.

72. Vulpian. Comptes reiidus, LXXXVII. 1878.

73. Van Gehuchten. Recherches histologiques sur I'appareil di-

gestif de la larve de la Ptychoptera contaminata : La Cellule, VI.

1890.

74. Weber. Ueber den Ban und die Thatigkeit der sog. leber der

Crustaceen : Archv. f. rnik. Anatomie, XVII. 1880.

75. V^erther. Einige Beobachtungen iiber die Absonderung der

Salze im Speichel : Archv. z. d. gesam. Physiol. XXXVIII. 1886.

76. "Wiedersheim. Text-book of Comparative Anatomy.

77. von Wittich. Sympathicus und Parotis : Virchow' s Archv.

f. Path. Andt. u. Phys., XXXIX.
78. von Wittich. Virchoiv' s Arch. f. Path. Anat. u. Phys.,

XXXVII.



[Annals N. Y. Acad. Sci., XI, No. 15, pp. 369 to 377, October 13, 1898.]

SOME PASSAMAQUODDY D(3CUMENTS.

J. DvNFLFA' Prince.

(Read April 25, 1898.)

The Passamaquoddy Indians of Maine are members of the

Wabariaki or northea.stern group of the great Algonkin family

which in earHer times occupied territory extending from James'

Bay on the north to the Carolinas on the south. The IVa-

banaki tribes which still exist are (i) the St. Francis Indians, of

Canada, who are at present a small sept of mixed race resident

on the St. Francis river, near Quebec. These people, who call

themselves by the generic name Abnakl or Wabanaki^ are com-

posed of Wabanakis of various tribes from New Hampshire

and Massachusetts, of Sagadahoks, and of Norridgewoks,^ from

Maine. (2) The Penobscot Indians of Maine are very closely

allied both in race and language to the St. Francis tribe. (3)

The Passamaquoddies ^ of Maine are practically identical with

(4) the Maliseets (Milicetes) of New Brunswick. (5) Finally,

the Micmacs of Nova Scotia and New Brunswick constitute the

easternmost branch of the Wabaiiaki.

The Passamaquoddies, like many other Indian tribes, have

an extensive oral literature, consisting of historical, mytholog-

ical and legal traditions, as well as many songs and recitations.

A great part of this material is preserved by means of a mne-

monic system of wampum shells arranged on strings in such a

manner as to suggest to the mind of the reciter certain sen-

tences of a tale already committed to memory."*

In 1887, during a visit to Bar Harbor, Me,, I obtained from

Mr. Louis Mitchell, a Passamaquoddy Indian, who was at that

time Indian member of the Maine Legislature, some selections

from this oral material which he had committed to writing.

Undoubtedly, the most important of these, both from an his-
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torical and ethnological point of view, are the so-called Wam-
pum Records, which embody a detailed description of various

ancient rites and ceremonies, peculiar not only to the Passama-

quoddies, but to all the northern Algonkin clans (JVa/?anah),

who, after a long period of internal strife, seem to have formed

a close offensive and defensive alliance. These records I have

published in the Proceedings of th: American Philosophical So-

ciety, XXXVI, pp. 479-495. Besides the Wampum Records,

I have a number of other documents, the most important of

which is an outline of the Wabanaki history previous to the

establishment of the inter-tribal treaty of peace between the

Wabanaki clans and the foundation of the common modus

vivendi set forth in the Wampum Laws.

I have ventured in the following pages to reproduce this his-

torical sketch, which has, at least, the merit of being purely

native, and, as a specimen of the Passamaquoddy poetic genius,

I have added, in both Indian and P2nglish, part of a character-

istic love-song.

The original text of the Indian history was not included in

the manuscript which I received. It is necessary to remark that,

as Mr. Mitchell's translations were written in what may be

termed Indian-English, I have been compelled to rearrange his

versions into our current vernacular. His Indian text, both in

the song in the present paper and throughout the Wampum
Records, is written syllabically without any attempt to divide

the sentence into words, so that it is extremely difficult to edit

the Passamaquoddy original with even approximate correctness.

Wabanaki History Previous to the P^stablishment of

THE Wampum Laws.

In former days the Wabanaki nation, the Indians called Me-

gnyik^ or Mohawks and other members of the Iroquoian Six

Nations^ were want to wage bloody and unceasing war with one

another. The Wabanaki nation consisted of five tribes, e. g.,

Passamaquoddies, Penobscots,*^ Micmacs, Maliseets^ and the

tribe (now extinct) which formerly inhabited the banks of the

Kennebec river.^ The bitterest foes of the Wabanaki were un-
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doubtedly the Mcguyiks or Mohawks, who, on the slightest

provocation, would send bands to harry them and destroy their

crops. The Mohawks invariably treated their prisoners with

the most merciless severity, showing no pity even to the women
and children. A favorite torture which they frequently prac-

ticed was to build a large fire of hemlock coals, into the flames

of which they drove their captives, compelling them to walk

back and forth over the glowing coals until relieved by death.

No case is on record where a brave of the Wabanaki nation

succumbed to the pain. Their warriors would always pace the

fiery path with undaunted resolution and without uttering a

sound until nature put an end to their agony. Tortures of

this sort were practiced by all the tribes, but the Mohawks ex-

ceeded the others in cruelty.^"

The cause of the strife was an hereditary dispute about hunt-

ing grounds. Besides the enmity which they nourished in

common against the Six Nations, the Wabanaki had also in-

ternal disputes. Thus, the Penobscots were at feud with the

Maliseets and the Micmacs with the Passamaquoddies.

The first war between the last mentioned tribes was brought

about by the quarrel of two boys, sons of chiefs. On this occa-

sion the Passamaquoddies were on a friendly visit to the Mic-

macs, during which the sons of the Passamaquoddy and Micmac
chiefs went shooting together. They both shot at a white sable,

killing the animal by their joint effort, but each lad claimed it

as his game. Finally, the Passamaquoddy boy, becoming en-

raged, killed the son of the Micmac chief The latter on hear-

ing of the murder could think only of vengeance and positively

refused to listen to the Passamaquoddy chief's attempt at con-

ciliation. The latter even offered the life of his own son who
had been guilty of the murder, but all to no purpose. In con-

sequence of this unfortunate occurrence the celebrated "great

war" was then declared which lasted many years.

The Micmacs, although more numerous than their enemies,

were inferior warriors, so that the victory was always {sic) won
by the Passamaquoddies. So great was the hostile spirit that

the two tribes fought whenever they met, paying no heed to the
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time of year. On one occasion, the Passamaquoddies went to

Tlancoivatik, thirty miles west of St. John, N. B., with a small

party consisting principally of women and children with the

chief and a few braves. At this place they met a number of

Micmacs on their way to Passamaquoddy Bay. The Micmac

chief being a lover of fair play ordered his men to land on an

island to await the coming of a messenger. The other chief

sent word that on the following day " the boys would come out

to play." As the Passamaquoddy chief had very few men able

to bear arms, he made the women attire themselves like war-

riors, so that from a distance they might be mistaken for men
and directed them to play on the beach shouting and laughing

as if entirely fearless. The Micmac chief, deceived by this

stratagem and being afraid, summoned his braves to council

and setting forth the disasters which had been caused by the

long war advised a treaty of peace. This proposition was

made to the Passamaquoddies who, wearied by the perpetual

state of unrest, gladly acceded to the request. A general

council was accordingly called, by which it was decided that

" as long as the sun rises and sets, as long as the great lakes

send their waters to the sea, so long should peace reign over

the two tribes."

The usual ceremonies for making peace were then observed,

as follows : (i) a marriage was contracted between a brave of

the challenging people and a maiden of the challenged people.

This was regarded as a type of perpetual future good will. (2)

A feast lasting two months was celebrated nightly and (3)

games of ball, canoe and foot races and other sports were car-

ried on. After such ceremonies were over no breach of a

treaty is on record, not even a single murder.

After the great Micmac war was ended, the Passamaquoddies

lived at peace except for occasional raids of Mohawks, but the

latter finally received a blow from which they never recovered,

the details of which are as follows : It was the custom of the

Mohawks to make night attacks and at one time, when the

Passamaquoddies were at the head of Passamaquoddy Bay," the

Mohawks approached the camp, which was called Quenasquam-
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cook/^ with the purpose of utterly destroying it. On this oc-

casion, however, they were seen by a Passamaquoddy brave

whose people lay in ambush for them. It was the custom of

chiefs to wear medallions of white w^ampum shells which were

visible at a long distance, particularly in the moonlight. Pick-

ing out in this way the person of the Mohawk chief whose name

w^as Lo.\\ '* panther," ^^ the watching braves shot him first, owing

to which calamity the Mohawks were thrown into confusion and

fled. The Passamaquoddies followed them as soon as day

broke, but the tracks were so scattered that they could not find

the refugees. It was ascertained afterwards that the Mohawks
had quarreled among themselves, one party being in favor of

making peace with the enemy, while another faction was

strongly opposed to such a measure. The discussion of the

question ended in a fierce combat. This was the final blow to

the Mohawk cause, so that the nation ever afterward sought to

be at peace with the Passamaquoddies.

After this battle the Passamaquoddies were never again mo-
lested, but the Penobscot tribe was still at war with the Mali-

seets and Mohawks and, in fact, w^ere nearly destroyed three

times by their ruthless foes. A most interesting legend of this

Mohawk w^ar is the account of the miraculous revelation to the

Penobscots b)* Wcnagajjiesiuook or fairies of the approach of a

large body of Mohawks. Two Penobscots were coming down
the Penobscot river from their winter hunting, when they spied

a newly made canoe paddled by ^vhat seemed to be two small

boys who, pursue as they would, always kept at an even dis-

tance ahead of them. Finally, the supposed children stopped

and called out to the wondering Indians " Noiviit Kcinagaiick

Megiiyik'' '' h.\. Noivut Kcinaganck\h^r^'Ax^yio\\-^\NV?>y As the

hunters had noticed some chips floating down the stream, they

believed the report at once. The Mohawks had been making

rafts with which to float down the river in order to destroy the

Penobscot tribe. As soon as the hunters reached Oldtown they

told their curious tale, w^hich was immediately credited by the

old men, who straightway prepared for war. The fairies, ac-

cording to their belief, always either appeared in person or

Annals N. Y. Acad. Sci., XI, October 13, 1898—25.
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carved a warning on rocks before a danger which threatened the

tribe. Greatly excited, the Penobscots despatched scouts in all

directions, so that when the Mohawks arrived, they found the

warriors perfectly prepared awaiting them behind a brush-wood

breast-work {lisignigoi)

.

No damage was done at that time, but on another occa-

sion the Mohawks completely defeated the Penobscots, saving

only one man as a guide to the St. John's river {^Wulas-

tuk)}^ Constructing rafts there, they aimed to float down strean

for the purpose of destroying the village of Maliseets {Wulastii-

kuk). The Penobscot guide told them that there was no falls

or rapids before them, knowing full well all the time that on this

river is the great fall of Chikchenikbik of nearly lOO feet, the

roar of whose torrent is perfectly inaudible to the traveler until

he is within a few yards of it. The Mohawks, trusting to their

guide, were all sleeping on their rafts, when the Penobscot, sud-

denly jumping overboard, swam ashore and left his 6oo sleeping

foes to be carried over the falls. Not a man escaped to tell

the tale except the Penobscot guide.

The Mohawks, discouraged by their repeated failures, decided

to make a treaty of peace among all the nations, apportioning

the disputed hunting grounds as follows : To the Penobscots,

the Penobscot river and its tributaries ; to the Maliseets the

St. John's river and its tributaries ; to the Passamaquoddies,

the St. Croix river^^ and its territory, and to the Micmacs their

own streams. The WabanakiXw^di ever after as one nation, un-

disturbed by internal strife and keeping the Mohawks and Six

Nations at peace with them by presenting a united front. This

is the origin of the Wampum Laws which were the product of

the union of the tribes.

The following song is the plaint of the youthful Indian lover

who sings to his fair one before going away to his winter hunt-

ing in the autumn when the leaves are red. He promises to re-

turn to her embraces in the Spring when the green foliage has

begun to bud. The song has in the original four sense-stanzas.

A refrain precedes the first, second and fourth and is repeated

for the last time after the fourth verse. In Mitchell's MS. no
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translation is given of the fourth stanza, so that I have omitted

it and the final refrain in the present paper.

Passamaouoddv Love Song.

Refrain.

Anigowanotenoo !

Boski k! tlabiti elmi nelemwik

ebni papkeyik ; boski k' tlabiii,

Anigotuanotenoo !

1. Neket ni'pesel etli-nemiot-

yikw. Etiuhi w' linakw-ben se-

bayi sibook ; etuchi lu' li baquas-

keten. K^ viachtena nolithasiben ;

inechinoltena keppithani' I, Anigo-

wanotenoo !

Refrain.

Boski k' tlabin elmi tieletnwik

naga elmipapkeyik Anigowanote-

noo.

2. Negetlo he eli-alnisookme-

kwben sebayi guspenik etuchi we-

lanakw-sititben wiichowek he eli-

machip klamisken mipisel, Anigo-

wanotenoo !

J. Anigowanotenoo, nittloch

apch eli-alnisookniikw tan etiich

apachyaie ; tanetch etiich boski

p* kesik mipisel yut pemden nit

k^ tlaskooyin.

Refrain.

Boski k' tlabin elmi nelemwik

elmi papkeyik, Anigowanotenoo.

Anigowanotenoo I

Oft on a lonely day thou look'st

on the beautiful river and down
the shining stream. Oft thou

lookest, Anigowanotenoo I

When last I saw thee, how
beautiful that fair stream looked,

how lovely was the silver moon.

Thou knowest how happy we
were. Ah, since that night I

think of thee always, Anigowan-

otenoo !

Oft on a lonely day thou

look'st on the beautiful river and

down the shining stream, Anigo-

wanotenoo ?

When we paddled the canoe

together on that beautiful lake

how fair the mountains looked

and how we watched the red

leaves whirl in the gentle breeze,

Anigowanotenoo !

Anigowanotenoo, we will go

once more in a canoe and watch

the beautiful green leaves on the

mountain.

Oft on a lonely day thou

lookest on the beautiful river and

down the shining stream, Anigo-

wanotenoo !
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EXPLANATORY NOTES.

* Wabanaki means ''inhabitants of the East or dawn country"

from waban "daybreak" and aki " land, territory." The latter is

a suffix used in composition for 'Mand, region" (see Brinton, The

Lenape and their Legends, p. 191).

^ Norridgewock or Norridgewalk is on the Kennebec and not as

Gatschet states on the middle Penobscot {^Nat. Geogr. Mag., VIII,

p. 23). Its original name was Nanrantsoiiack, which may have

meant "stretch of still water," although this is not certain. The

settlement was the home of the nucleus of the present St. Francis

clan, w^here Father Rasle, the author of the Abnaki dictionary, first

established himself in 1689 (see Pickering's edition of Rasle's work

in Amer. Acad. Set. and Aits Mem., New series, 1833, Vol. I, p.

37.2). The tradition of the present Abnakis of Canada asserts that

their ancestors came from Maine and New Hampshire.

^ The Indian form of the name Passamaquoddy is Peskaturnagatiek

" those belonging to the place abounding in pollock-fish' ' {peskatin?i)

;

cf. Gatschet, /. c, p. 23.

* See Prince, Froc. Amer. Fliilos. Soc, XXXI, p. 480.

^The real Mohawks called themselves Caniengas. When first

known they were living on the south side of the Mohawk river be-

tween Canajoharie and Schoharie creeks in New York Province.

Being loyalists, they removed to Canada with Brant at the time of

the American Revolution (Hale, the Iroquois Book of Rites, p.

34). It is probable that Mitchell means here by Mohawks (^Alcgiiyik)

not only the Canie?igas, but also the Canadian Iroquois. The whole

Iroquois race is called in the St. Francis language Magna, and indeed

the term Mohawk which is a corruption of the word Magna was used

in England in much the same way.

* Originally Five Nations, e. g., Onondagas, Mohawks, Oneidas,

Senecas and Cayugas who called themselves in the Iroquoian dialect

Hothionsionni (Prince, /. c, p. 438). The Tuscaroras came into

the league later. The Iroquoian name for the completed federation

-vi2& Kaiwnsion?u " the league of the united households" (Hale, /. c,

pp. 10, 171).

'The original form of the name Penobscot is Pa?iaivampskik (St.

Francis Panapskak~) "where the steep rocks are."
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^The Maliseets (Milicetes) who speak practically the same lan-

guage as the Passamaquoddies are called Etchemins by the Micmacs.

^ Undoubtedly the Norridgewoks mentioned notes. Kenebec is

probably a slight alteration oi Kinebek " deep river."

^^ In connection with this undoubtedly biassed statement, cf. Hale,

/. <:., p. 83, ff. on the Iroquois character. There is no reason to be-

lieve that the members of this much-maligned race were any more

barbarous in the treatment of their captives than their hereditary

Algonkin foes.

^' See note 3 and Gatschet, /. c.

'^ Quenasqiiamcook " at the gravel beach of the pointed end " (cf.

Gatschet, /. r.
, p. 22).

^'* Delaware, quenischquney, literally ''long tailed" (Brinton, Lenape

Eng. Dictionary, p. 121). Oy\i\N^. peshew ; Micmac utkogwech.

^^ Wulastitk '-the good river "= Aroostook, e. g., the St. John

river. Wulastukuk is a locality ''at or near the St. John river.
'

' The

Micmacs call St. John Alenawges " the place where dead seals are

collected.
'

'

^^ Called Skiitik in Passamaquoddy (according to Mitchell) from squt

" fire;" '
' at the fire,

'

' owing to the custom ofspearing salmon by torch-

light. It is much more likely that the name is an allusion to the

burnt lands or clearings on the banks of the river or on Schoodic

lake. Tradition asserts that large forest fires took place here about

1675-
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THE PHYLOGENETIC SIGNIFICANCE OF CERTAIN
PROTOZOAN NUCLEI.

Gary N. Calkins.

(Read April ii, 1898.)

[Plate XXXV.]

The nucleus is often looked upon as a more or less well-de-

fined morphological element of the cell, possessing in its various

phases a common type of structure and composed in all cases

of similar substances. A comparison of cells in various tissues

whether vertebrate or invertebrate, plant or animal, shows that

in the majority of cases the nuclei are so similar that, with slight

variations, a description of one answers for a description of all.

In resting phases the similarity is shown in the distribution of

chromatin, linin, and in the nucleoli, while the nuclear membrane

is usually present. In active phases metazoan nuclei as a rule,

pass through the same stages of spirem-formation, loss of mem-
brane, chromosome-formation, and various processes of re-for-

mation. The differences between such nuclei being confined

mainly to variations in number of chromosomes, in arrangement

in the nuclear plate, and in the mode of division.

The nuclear type being so constant in higher animals we
must look to the lower animals—that is, to the Protozoa—to

find not only the prototype, but any transitional forms leading

up to the highest types, bearing in mind, however, that not-

withstanding the constancy of type manifested in the nuclear

forms and mitotic processes of the latter, individual differences

may have arisen and mitotic processes may have developed in

quite diverse ways. In the present paper it is my object to

bring together a few facts, some of which are new, showing

how in the Protozoa, the nucleus of the type found in Metazoa

( 379 )
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may have arisen from simpler forms, and how in its mitotic

phenomena it passes through stages represented by permanent

nuclei of lower Protozoa.

In the first comparison of metazoan with protozoan nuclei

we are at once beset with difficulties. Protozoan nuclei vary

so widely among themselves that, save for the same class of or-

ganisms, a description of one nucleus would not correspond at

all to that of another. Some resemble the ordinary type of

nucleus in the Metazoa, others are so different from this type

that they €an scarcely be compared. In general the nuclei of the

Protozoa are much simpler in structure than those of Metazoa.

Chromatin is present in all cases but other parts which are usu-

ally found in nuclei of the Metazoa are frequently missing, c. g.

the linin, the nuclear membrane or the nucleolus. On the

other hand, bodies are occasionally found within the nucleus of

Protozoa which are absent altogether or present in some other

form, in Metazoa ; such for example are the significant centro-

some-like bodies found in Eiiglcna and allied forms.

There are so many different types of nuclei in the various

classes and orders of the Protozoa that it should be possible to

select a chain of forms connecting the simplest known type with

the highest. Such a sequence may be sought for in the struc-

ture of the resting nucleus or \\\ the method of division. An
ideal sequence would result if the two lines could be developed

simultaneously, but this is extremely difficult as a nucleus may
be high in the series of nuclear structures and low in the matter

of mitotic division. The nuclei o{ ActinospJui^riuiii, Actinop/irys

and Xoctihica offer a striking example of this fact, the two

former resembling the structure of the metazoan type more

closely than the latter, while in mitosis the latter is much nearer

the metazoan type than are the former. In questions of phyl-

ogeny however, morphological characters are usually of more

importance than physiological characters and this must be kept

in mind in the present discussion. A number of authors have

built up theories of phylogeny on the method by which the

nuclei of Protozoa divide, and the obvious result is a series of

mitoses which satisfy to a certain extent the requirements in
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such a scale, but the series appHes only to the nuclei during

division while the nuclei at rest are quite different, and the cell-

bodies to which the nuclei belong, often represent widely separ-

ate classes of animals. A phylogeny based upon such a foun-

dation must necessarily be weak, for it is perfectly possible that

various classes of Protozoa may develop mitotic modifications

quite independently of each other and yet along the same lines.

In view of the fact that the nuclei of the Protozoa show such

wide differences it is not surprising that some forms should pos-

sess no structures which can be accurately defined as nuclei.

Indeed, if the nucleus be regarded merely from a morphological

standpoint it is quite easy to conceive of cells which possess no

nuclei (Haeckel's Monera, in part) and to imagine groups of cells

intermediate between such forms and those in which a definite

morphological nucleus can be made out. These intermediate

forms are the subject of the present paper.

The observations were made on various Protozoa including

simple flagellates, dinoflagellates, rhizopods, heliozoa, ciliates,

suctoria and Noctiliica. The material was fixed with sublimate

acetic (5 per cent, acetic), picro acetic, Hermann's fluid, and

saturated sublimate. The stains used were mainly iron haema-

toxylin with orange or Congo red, and the Flemming triple.

The nuclei were studied from thin sections or from total prepara-

tions, sections giving the best results.

The So-called " Distributed Nucleus."

A number of forms which Haeckel included in his enucleate

Protista, have subsequently, by the use of better optical instru-

ments and improved technique, been found to contain minute

particles of chromatin which are distributed without definite or-

der throughout the cell. Such types have been called distributed

nuclei. Occasional instances of this type of nucleus have been

found in nearly every group of Protozoa. In the Ciliata,

Gruber ('84) found that Chcenia teres and Traclicloccrca pJiccnicop-

teriis possess no true nuclei but minute granules of chromatin

distributed throughout the cell-substance. These granules, ac-
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cording to Gruber, unite into a common body previous to divi-

sion and are then halved.

The Cihata are highly specialized Protozoa and it is probable

that, among them, the primitive distributed nucleus is very un-

common ; we should expect to find this condition in the simpler

and less differentiated forms like the flagellates or the lowest

plants. In the latter, especially the bacteria and the closely

allied Cyanophyceae, Biitschli ('90 and '96), confirmed by

Zacharias ('90), described cells possessing a distinct proto-

plasmic structure enclosing numerous granules which he found

to be chromatin. Biitschli regards these cells as nuclei with

only a fine layer of protoplasm around the outside. The chro-

matin is laid down on what appears to be the cytoplasmic retic-

ulum but which according to his view, would be linin. How-
ever this view may be in regard to the bacteria it cannot hold

for cases of distributed nuclei among the Protozoa.

A flagellate belonging to the genus Tetrainitiis possesses a

nucleus of the same distributed type. The protoplasmic struc-

ture of this flagellate is strikingly similar to Biitschli's figures

and photographs of Chromatiiuii and other bacteria. The pe-

riphery is characterized by a distinct alveolar layer consisting of

vacuoles of regular size and arrangement, and the walls which

bound them. The central portion is made up of alveoli of

various sizes and is much looser in texture than the outer layer

(Plate XXXV, Figs. 1-4). After fixation with Hermann's fluid

and staining with Flemming's triple stain, this cytoplasmic

structure appears yellowish or of an orange tone. In the endo-

plasm the substance of the alveoli appears to have run together

at one point to form a more compact, denser aggregate which,

with the stain used, appears homogeneous (Fig. i A). With the

iron-haematoxylin the fused portion becomes more conspicuous

although not more deeply stained than the cytoplasmic reticu-

lum. It appears to be a coalescence of cytoplasmic microsomes.

No inner structure could be made out, although in some cases

a lighter area (Fig. 2) was faintly indicated in the center. In

some individuals the body in question appears biscuit-shaped

as though undergoing division (P"ig. 4).
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In addition to the above structure the cells of Tetramitus zox\-

tain a number of comparatively large-sized granules which stain

intensely with saffranin in the Flemming stain and black with

the iron-haematoxylin. In division they are separated into two

equal groups in the daughter-cells (Fig. 5). From the relation

to stains and the general appearance during rest and division

I have no hesitation whatever in comparing them with the

granules of chromatin described by Biitschli in the case of Chro-

niatiurn and Bacterium tcriiio. The most frequent position of the

granules is at the extremity of the cell opposite the flagella,

where they form an aggregate of greater or less density, but in

which the individual granules can be distinctly made out (Figs.

2, 4). There is reason to suppose that this close aggregation

indicates the approach of division, for the culture was extremely

active and the monads were increasing rapidly. Many indi-

viduals were found, however, in which the chromatin granules

were distributed over all parts of the cell (Fig. i). Aggregates

were also found in the flagella-end of the cell (Fig. 3), although

such cases were comparatively rare. In this connection it is a

significant fact that division of the body begins at that end of the

animal which holds the chromatin, in this case at the posterior

end, although the majority of flagellates begin to divide at the

flagellate end (Fig. 5).

This type of nucleus must be very primitive. It has no

membrane and no linin unless the meshes of cytoplasm around

the chromatin granules be called linin. Is there a nucleolus ?

Were it intra-nuclear the cytoplasmic body described above

might be called a nucleolus on account of its staining reactions,

but it is not intra-nuclear, and furthermore it appears to have a

special function in the activity of the cell. Wherever the aggre-

gate of chromatin granules may be found the cytoplasmic body

is invariably in the near vicinity. It appears to divide before the

group of chromatin is halved, and in the daughter-cells of a

just-divided form the chromatin granules appear to surround the

cytoplasmic body (Fig. 5.) It is certainly conceivable and in

view of the phenomena in other allied Protozoa, almost probable

that this cytoplasmic body exerts some influence upon the chro-

matin granules to attract them about itself at certain stages.
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The Intermediate Tvpe of Nucleus.

The ''intermediate type" includes those nuclei which have

either a faint nuclear membrane or none at all, and which per-

sist in the form of spherical aggregates of chromatin granules

about a central attractive body. The majority of the common
autoflagellates possess nuclei of this type and a description of

a few will suffice for all. The forms selected are Microglciia,

Syniira^ Chilojjiouas, Trachclomojias and Eiigleua.

Microgle7ia piinctifera (PI. XXXV, Fig. 6). This minute form

possesses two large chromatophores which occupy the greater

part of the cell and which obscure the finer protoplasmic struc-

ture. There is a single flagellum attached at the end where the

chromatophores come together. At this end also a small pig-

mented *' eye-spot" can be made out (Fig. 6, e). The nucleus

lies between the chromatophores in the center of the cell. It

consists of a large number of chromatin granules surrounding a

deeply-staining central body. The granules are loosely ar-

ranged, often forming an irregular outline and apparently are

not bounded by a nuclear membrane.

Synura tivclia (PI. XXXV, Fig. 7). This beautiful colony-

form is similar to Microglcna in regard to nuclear structure, and,

being larger, the details can be more readily made out. The

monads are attached at a central point by their sharp ends,

which form the lower extremity of the gelatinous mantle sur-

rounding the protoplasmic body. The two equal-sized flagella

arise from the outer end of the protoplasmic body and run nearly

parallel through the outer mantle. Two large chromatophores

occupy the greater part of the cell, each being curved like the

half of an empty nut shell. The nucleus is enclosed in the

space between the chromatophores. It is excentric in position,

lying nearer the flagella end. Like the nucleus of Microglcna

it is made up of fine granules of chromatin disposed around a

distinct central body. Here also the chromatin appears to be

free from a bounding membrane, but in both of these forms the

nuclei are distinctly outlined and well marked off from the sur-

rounding cytoplasm while they invariably appear round in

section.



PROTOZOAN NUCLEI. 385

Chilomonas cylijidrica Ehg. (Plate XXXV, Figs. 8, 9, 10.)

This very common flagellate is characterized by the buccal

depression typical of the family CryptomonidcX, by two equal

flagella, by an oesophagus-tract in the endoplasm, by absence of

chromatophores, and in most cases, by the absence of plastids.

The absence of cytoplasmic intra-cellular substances makes

Chilomonas particularly favorable for nuclear study as well as

for the study of cytoplasmic structure. The nucleus is a con-

spicuous body in the lower half of the cell just below the mid-

dle line. It is always irregular in outline, the irregularity being

due to prolongations of its substance, like pseudopodia, into the

adjacent protoplasm. We again find the granular chromatin

and the intra-nuclear deeply-staining body. In this case, there

is, in all probability, no nuclear membrane, and from the vari-

ous shapes of the nuclei in different individuals it is inferred

that the chromatin granules may become more or less scattered,

although remaining in the vicinity of the central body. During

division of the cell the chromatin becomes closely aggregated

around the central body which divides first, the chromatin gran-

ules, as in Eugloia, separating later into two equal portions.

Division here is not as complicated, however, as in Engicna, for

the chromatin granules do not fuse into distinct rods or chromo-

somes as in the latter form (Figs. 9 and 10).

Trachelomonas. Several species of Trachelomonas were ex-

amined and in all cases the nuclei were of the same type as

those already described. Among the most noteworthy were

the nuclei of T. lagcnclla, T. volvocina and T. Jiispida. The
simplest of these was found in T. lagcnclla (Fig. 1 1) where, as

in Chilomonas, it consists of an irregular mass of chromatin

granules surrounding a central body. No nuclear membrane
was seen, although the protoplasmic structure was plainly ap-

parent. Compared with the entire nucleus the central body in

this case is quite small.

Two varieties of T. hispida, which for convenience I shall

characterize as variety A, and variety B present two distinct

phases of nuclear arrangement. The two forms differ in other

respects
;
variety A is smaller, has no collar, has a compar-
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atively thick shell and is provided with fine, needle-like spines

(Fig. I 2). Variety B has a collar bearing six distinct spikes on

its outer margin. Its wall is comparatively thin and is pro-

vided with spines of thorn-like structure, /. c, with broad bases

and sharp points (Fig. 13). In both cases the protoplasm is

characterized by great vacuoles in which lie a varying number

of plastids. The nucleus in variety A resembles that of T.

lagenella in having an irregular mass of chromatin granules.

The edge of the mass is irregular and more or less ** frayed

out," leaving little doubt as to the absence of a nuclear mem-
brane. The central body is comparatively small and is either

round or elliptical in form. The nucleus of variety B, on the

other hand, presents quite a different appearance. It is very

regular in outline, the margins are smooth and even, and a deli-

cate though distinct membrane encloses it. The central gran-

ule is large and conspicuous (Fig. i 3).

In Trachelomonas volvociiia the nucleus resembles that of T.

liispida variety B. The cell is somewhat more compact how-

ever, the nucleus is smaller and the cytoplasm contains more

plastids (Fig. 14).

Eiiglena viridis (PI. XXXV, Figs. 17, 18, 19). Euglena,

of the same family as the Trachclomonads has, perhaps, the

most highly differentiated nucleus of the intermediate type.

Blochmann ('94) and Keuten ('95) described this nucleus as

a group of chromatin granules enclosed by a membrane, and sur-

rounding a central body—the ** nucleolus-centrosome." Each

chromatin granule was described as a '' Stcibchen'' or rod-like

element. Biitschli ('90) had described, in addition to the chro-

matin granules and central body, a more or less distinct linin

network which was apparently overlooked by Keuten. This

so-called linin substance is extremely difficult to see but in thin

sections and with the use of oblique light can be made out as

delicate fibrils running from granule to granule. This structure

could not be seen in the shelled euglenoids (Trachelomonas)^ pos-

sibly because the nuclei were not so easy to study, being total

preparations of shelled forms. In other monads, as for example

C/iilojuonas, which are as easy to study in total preparations as
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the thinnest of sections, no such fibrils could be made out, al-

though an occasional microsome between the chromatin granules

aroused the suspicion that the latter are laid down on the cyto-

plasmic reticulum, in w^hich case the inter-chromatin cytoplas-

mic net might be called linin in view^ of the connection which

has been established between cytoplasmic and nuclear networks

in the Metazoa.

In Euglcua the central granule apparently exerts an attractive

force during division. The chromatin granules aggregated in

the form of small rods—primitive chromosomes—are arranged

about it radially. The entire nucleus is surrounded by a deli-

cate though distinct membrane.

Although the structure of the nucleus of Euglcua and its be-

havior during cell division have been carefully described by

Keuten, the differences between the chromatin and the central

body do not seem to have been sufficiently brought out. A
carmine stain, for example, is not sufficient to distinguish chro-

matin from plasmosomes and from the results shown by the

iron-hsematoxylin stain the central body w^ould appear to be

chromatin. A very delicate differential result is obtained by the

use of the Biondi-Ehrlich mixture of methyl green and acid

fuchsine (Auerbach's formula). After this stain the central

body is distinctly red and show's out in marked contrast to the

green of the surrounding chromatin. From this reaction it fol-

low^s that the chemical composition of the central body is differ-

ent from that of chromatin, a result w^hich brings this body

even more closely in line with the attraction sphere of the

higher forms.

At this point Schaudinn's observations on Paramceba Eil-

Jiardi are interesting and important. Parainceba is a rhizopod

with flagellate swarm-spores. The spores resemble Cliilomonas

in general appearance, but a peculiar Nebciikorpcr is found in

the former which is lacking in the latter. This body is outside

the nucleus which, although it seems to have no nuclear mem-
brane, is nevertheless distinctly marked off from the rest of the

cytoplasm. During cell-activity the Nebenkorper assumes a

dumb-bell shape and, when the ends are well separated but still
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held together by a connecting rod of its own substance, the

chromatin granules begin to migrate towards the center of the

connecting rod and finally form a complete ring around it.

The Ncbenkorpcr is thus a central body similar to the central

body of Eiiglcna at a corresponding stage in division (cf. Figs.

17, 18, 19). After division of the chromatin the daughter-nu-

clei are reformed, but in each case the central body is left out in

the cytoplasm. This phenomenon recalls the conditions in Tc-

traniiUis where a similar protoplasmic body acts in a very similar

manner (cf Figs, i to 5). The latter form is more primitive

however, for the chromatin is not collected in a definite body

—

the nucleus—but is distributed throughout the cell and collects

only during and for cell division.

Protozoan Nuclei of Typical INIetazoan Structure.

A typical metazoan nucleus differs from the forms described

above in having a distinct linin reticulum with chromatin laid

down within it and forming a chromatin reticulum ; often a

more or less clearly differentiated nucleolus, and a nuclear

membrane which usually disappears during mitosis. Many
important differences are found when a comparison is made

of the nuclei during division. In the majority of Metazoa

there is a distinct spirem leading up to the formation of chro-

mosomes in each case characteristic of the species ; and distinct

spindle-formation with centrosomes and spindle fibers. In the

Protozoa a number of nuclei have been described which agree

more or less closely with the requirements of such a nucleus.

So far as the resting nucleus goes, Actinosphceruiui and the

nuclei of some Sporozoa are similar to the Metazoan nuclei

w^hile the nuclei of ActinopJirys and of EnglypJia approach

them in mitosis. The number of such cases, however, is very

small and, when compared with the number showing the inter-

mediate type, it is insignificant. In short, the vast majority of

Protozoa excluding the infusoria possess various conditions of

nuclei of the intermediate type.
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Aberrant Types of Protozoan Nuclei/

While nuclei of the type described above in flagellates seem

to lead by gradual stages into more complicated forms of the

Metazoan type, other nuclei of the Protozoa seem to have de-

veloped along a divergent path and finally resemble only

remotely the primitive forms on the one hand, and the higher

forms on the other. These nuclei may be described as aberrant

forms, although the number of such forms is probably greater

than any other type among the Protozoa. In most cases,

however, the structure can be traced back to more primitive

forms of the " Intermediate type." A few examples which

have come uncier my own observation must suffice. These are

Amoeba proteus among the Rhizopoda, Ccratiinn and Pcridinhon

among the Dinoflagellata, Noctihica, a Cystoflagellate, and Sty-

lonychia among the Ciliata.

Amoeba proteus (Fig. i6). The nucleus of this common
rhizopod is of large size and of characteristic shape, resembling

a biconcave disc. It is constant in shape and is bounded by a

firm membrane which, together with the granular chromatin

contents, can be easily made out while the animal is alive. The

finer structure, however, is seen only in sections which, with these

large forms, can be cut in any desired plane. The nucleus

contains, in addition to the general ground substance, or nuclear

sap, two kinds of staining substances one of which becomes

intensely black with iron ha^matoxylin, while the other is gray.

The more deeply staining substance is chromatin in the form of

granules distributed throughout the nucleus ; the other sub-

stance has the form of a disc lying in the center of the nucleus.

Gruber ('83) calls this central mass the "nucleolus." In all of

the specimens which I examined at this time the nucleus had

the same structure and I am convinced that it is typical of

Amoeba proteus. The faintly staining central mass is perfectly

homogeneous in structure and, although I have not seen it in

division, I am confident that it is to be compared with the intra-

nuclear body in the flagellates. In other species of Auuvba the

nucleus possesses an internal structure similar to the " nucle-

olus centrosome " of Euglena (Schaudinn, '94).

Annals N. Y. Acad. Sci., XI, October 13, 1898—26.
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The nucleus oi Anixba protciis can be regarded as similar to

that of CJiilomonas plus a nuclear membrane. There is no evi-

dence of other intra-nuclear bodies such as linin, nucleoli, etc.,

nothing is present but chromatin and the central body. I'he

tough nuclear membrane is possibly due to the peculiarly rough

treatment which the nucleus undergoes in its cyclosis with the

other endoplasmic substances.

Ceratiuni and Peridiiihim. Biitschli ('85) found a very curious

structure in the dinoflagellate nucleus. Viewed from one side it

appears to be of the regular reticulate type with local thickenings

on the linin network ; but, looked at from another side, the nu-

cleus seems to be composed of rows of chromatin connected by

delicate fibrils, the whole having a more or less honey-comb

structure. Lauterborn ('95) confirmed Biitschli's description but

added that the nucleus invariably contains one or two nucleoli,

and that in division a peculiar rod-like body of *' unknown signifi-

cance " stretches across the division axis. Lauterborn is inclined

to believe this structure homologous with the intra-nuclear body

of Euglena. I have examined a number of Dinoflagellata from

Puget Sound and Alaska including Peridiniuin divergens^ Dino-

physis, Ceratiiiui tripos, Ceratiuni fusus, etc. and in all of them I

have found the familiar intra-nuclear central body, differing

however from the more frequent type in being sometimes single,

sometimes double or multiple. (Figs. 21 Peridiniuin divergens,

and 20 Ceratium fnsus.) The peculiar rod-like or even lamel-

late structure of the chromatin is perhaps due to the fusion of

chromatin granules, thus forming a permanent structure com-

parable to a spirem.

Noctiluca niiliaris (PL XXXV, Figs. 22-26). Of very

different structure is the nucleus of Noctiluca miliaris^ a form

possibly allied to the Dinoflagellata. The chromatin here is

massed in from eight to eleven large reservoirs (Fig. 22),

while the rest of the nucleus is filled with a granular sub-

stance of quite a different chemical composition. The whole

is enclosed in a firm membrane. This nucleus would be diffi-

cult to understand were it not for the changes which the chro-

matin undergoes previous to division. The large reservoirs
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disintegrate during the earlier stages of mitosis, forming smaller

and smaller chromatin bodies, the final result being a great

number of minute chromatin granules, which, as in Chilomonas

or Euglena, are found distributed throughout the nucleus.

The chromatin granules later unite to form distinct chromo-

somes. The formation of the chromosomes is entirely different

from the account of the process given by Ishikawa ('94). The

granules of chromatin unite in lines which are focussed at one

side of the nucleus ; these lines are the chromosomes, and they

are subsequently divided through the agency of a complicated

mitotic process in which centrospheres, central spindles and

centrosomes play an important part.^ In the early stage of

division, when the chromatin is scattered throughout the cell in

the form of minute chromatin granules, the nucleus of Noctiliica

is obviously comparable with the nucleus of the intermediate

type, while the vegetative condition can be conceived as due to

the coalescence of the chromatin granules to form the large

reservoirs. An essential difference in the nucleus of Noctiluca^

however, is found in the absence of an intra-nuclear central body.

The place of this important mitotic agent is taken by a large

cytoplasmic sphere lying just outside the nuclear membrane.

This sphere, during mitosis, plays the same part as the intra-

nuclear body of the lower flagellates, but in a much more com-

plicated way. While the chromatin granules are fusing to

form the chromosomes the sphere divides to form a dumb-bell

shaped body consisting of two daughter-spheres and connecting

fibrous substance forming the ''central spindle" (Fig. 23).

The nucleus then bends around in the form of a U until it al-

most completely surrounds the central spindle. The chrom-

osomes, focussed at the side of the nucleus which was turned

towards the cytoplasmic sphere, now form a nearly continuous

line or ring—the nuclear plate—around the central spindle (Fig.

2'i^). At this period it can be found by sections that the nuclear

^ For a description of the process of mitosis in Nodiluca see my paper,

now in press, which will shortly appear in the Journal of Morphology on " Mitosis

in Nodiluca miliaris and its Bearing on the Nuclear Relations of the Metazoa and

the Protozoa."
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membrane has disappeared from that portion of the nucleus be-

tween the chromosomes and the central spindle, and that the

ends of the chromosomes are connected by distinct fibers—the

mantle fibers—with centrosomes inside of the spheres (Figs. 24,

26). The chromosomes are then divided longitudinally be-

ginning at the ends turned towards the central spindle, and one-

half of each chromosome goes to form the daughter nuclei.

The nuclei are reconstituted by the subsequent aggregation of

the chromatin granules into the large reservoirs while the sphere

in each case forms a definite body on the outside of the nucleus.

The staining reactions of the sphere in Noctiluca are the same

as those of the intra-nuclear body in Eitglcna and CJiilonionas,

and the same as the cytoplasmic body in Tctraniitus. During

mitosis its history is remarkably similar to that of the Ncbcn-

k'drpcr as described by Schaudinn ('96) in the case of Parainoeba.

I think therefore that there can be no doubt that the sphere in

Noctiluca, the Neboikorpcr in Paraniaiha, the cytoplasmic body

in Tetramitus, and the intra-nuclear body of Eitglcna, CJiilotno-

nas and allied forms are all analogous structures and have the

same physiological part to play in the activities of the cell.

The sphere in Noctiluca however possesses an element dur-

ing division which has hitherto not been found in the corre-

sponding intra-nuclear or cytoplasmic bodies described above.

This element is a distinct centrosome which was first described

for Noctilitca by Ishikawa and the presence of which I have

demonstrated beyond question. In addition to the centro-

somes furthermore there is a second set of fibers—the mantle-

fibers—which connect the chromosomes with the centrosomes
;

nor have these been found in the simpler nuclei described above.

A number of the Protozoa agree with Noctiluca in the history

of the chromatin, and several observers (Gruber, Hertwig,

Brauer) have described the breaking down of large chromatin

reservoirs or " nucleoli" as they have been erroneously called.

When we come to consider the nuclei of the Ciliata and the

Suctoria we are met by a new difficulty. The nuclei are di-

morphic, and the two forms differ as much in structure as they

undoubtedly do in function. I have no new observations to
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record on the structure of micro- and macronuclei, but it is

possible that the facts giv^en above may throw some hght on

their origin. A number of theories have been advanced to ex-

plain the origin of the micronucleus and the aberrant type of

nuclei in the Infusoria in general. The usual form of theory is

that the two types gradually arose by differentiation of a prim-

itive bi-nucleated form, one of the nuclei becoming the micro-

nucleus, the other the macronucleus (Butschli, Lauterborn, etc).

A serious objection to this theory is that the macronucleus is

formed from one of the subdivisions of the micronucleus at

each conjugation. Schaudinn suggested in his paper on Para-

moeba ('96) that the micronucleus and macronucleus of the In-

fusoria might have arisen from the Nebenkorpcr and nucleus

respectively of forms like Paramoeba. The possession of chro-

matin by the micronucleus is a serious obstacle to this theory,

and yet the important part which the micronucleus plays in re-

production makes Schaudinn's suggestion valuable. If pure

hypothesis be allowed it might be conceived that the micronu-

cleus represents the cytoplasmic body of forms like Tctramitiis

and Parmnoeba plus a certain amount of chromatin while the

macronucleus represents the nucleus with the remnants of chro-

matin minus the essential cytoplasmic body. The cytoplasmic

body which appears to be essential to reproduction as shown

by its universal presence, is found, in most cases, in only one

of the nuclei, which persists, while the other degenerates.

General Co>xlusion'.

Enough has been given above, I believe, to show that a type-

form of nucleus can be found to which the nuclei of the various

groups of Protozoa can be compared ; divergent forms being

explained as modifications of this type. Such a nucleus can

be described in brief as consisting of two distinct substances,

one of which acts as an "attraction" center, the other as chro-

matin in the form of granules. From this primitive type two

lines seem to have developed, in one of which the attraction cen-

ter remains outside of the nucleus {Noctiluca, Paramcebd) while
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in the other it is intra-nuclear (Euflagellata). The significance

of the central granule as an attraction-center in the case of Eii-

glejia was early recognized by Biitschli ('87), Blockmann ('94),

Keuten ('95), Lauterborn ('95) and others who saw in it a prim-

itive centrosome. Hertwig more recently ('96) accepted the

idea and explained the central body in Euglena, together with

the large spheres in Noctiluca and the pole-plates found in various

Protozoa as centrosomes of the type observed by himself in sea-

urchin eggs after treatment with various salts. I have shown

above, however, that the sphere in Noctiluca^ the cytoplasmic

body of Tctramitiis, the Ncbcnkorpcr of Parainceba and the in-

tra-nuclear body of CJiilomoiias, Euglcna and allied forms are an-

alogous structures and that they have the same physiological

function to play in the activity of the cell. But it has also been

shown that there is a true centrosome in the sphere of Noctiluca.

The intra-nuclear body of Rjiglena therefore cannot be called a

centrosome as the above-named observers have designated it,

and cannot be compared with the centrosome of the Metazoa.

It is comparable however with the cytoplasmic bodies of Para-

nioeba, of Noctiluca, and therefore with the attraction-sphere of

metazoan nuclei. Moreover, this element seems to arise in the

simplest cases as a cytoplasmic structure and independently of

chromatin or nucleus (Tctraniitus). It appears therefore that

Boveri's original conception of an independent cellular substance,

the archoplasm, holds good in the case of the Protozoa. By
considering the intra- or extra-nuclear body of Protozoa as

archoplasm in the form of an attraction sphere, rather than as a

centrosome, the various conflicting views in regard to these

structures can be more or less brought together. By this view

can be explained the origin and significance of the central spindle

of the Metazoa (cf. Ccntrodcsuius of Heidenhain) ; the origin of

spindles without centrosomes in the higher plants (cf. Stras-

burger's Kinoplasmd) ; and, to some extent, the various inter-

pretations of the function, origin and fate of the centrosome.

According to this view the centrosome is originally of minor

importance, the sphere alone being functional as an attraction

center. The centrosome appears to be of later origin, although
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even in the higher tissues, as Flemming ('97) suggests, it is

apparently not an organ of primary importance, but an organ

which may be present in connection with cell-divisions, although

not necessary for it.

There is also good evidence in this study of primitive nuclei

to show that the common type offers an explanation of the

changes which the constituents of the metazoan nucleus undergo

during and preparatory to a division. Stated briefly this idea

may be expressed as follows : (i) Before forming chromosomes

the chromatin material of the metazoan nucleus is distributed

in the nucleus in the form of minute chromatin granules, a stage

representing the ancestral condition which in flagellates and

lower plants is permanent
; (2) the chromatin granules (Brauer,,

'93 Ascaris) secondarily fuse to form distinct bodies—the

chromosomes—of definite form and number for each species
;

(3) the chromatin is in close connection with the kinetic center

(centrosome or centrosphere plus central spindle), to accom-.

plish this connection the nuclear membrane disappears (in most

Protozoa the attraction sphere is inside the nuclear membrane

and so in constant connection with the chromatin ; in other

forms of Protozoa where the attraction sphere is extra-nuclear

as in Noctilnca and Paranioeba the membrane disappears on the

side of the nucleus nearest the sphere

—

Noctilnca—or there is

no membrane at all

—

Paraviwbd). In all cases the chromatin

at the time of division is collected around or between the spindle

fibers, or in case of Protozoa, the attraction-sphere, possibly to

ensure a more perfect division of this important substance.

Summary of Observations and Conclusions.

1. Metazoan and protozoan nuclei cannot be strictly homolo-

gized, but it can be shown that an intermediate series of forms

connect them.

2. The nuclei of Protozoa are not all of the same type and in

some forms they may possibly be absent. The simplest struc-

ture is the distributed nucleus, consisting of isolated chromatin

granules scattered about the cell.
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3. A higher type is shown by the "intermediate" nuclei,

where the chromatin granules are massed together in a compact

form with or without a nuclear membrane (most Euflagellates).

4. Typical nuclei of the metazoan type are uncommon among
the Protozoa, but are occasionally found.

5. Nuclear differentiation in Protozoa is closely connected

with an attraction-sphere or active agent in division. In nuclei

of the distributed type this is an indefinite faintly staining cyto-

plasmic mass in the vicinity of which the scattered chromatin

granules collect previous to division and about which they are

grouped during division. In nuclei of the "intermediate" type

the attraction -sphere is intra-nuclear, definite in form, deeply

staining and active, and chromatin granules are massed about

it either permanently [Synura, Chilomonas, Eiiglcnoids^ etc.) or

only during division {Paraniceba), and with or without a nuclear

membrane. In higher types of nuclei the attraction -sphere is no

longer intra-nuclear, but this position of vantage is taken by the

central spindle during division (^Noctiluca and many Metazoa).

6. The intra-nuclear body oi Euglena and other allied forms is

equivalent to the attraction-sphere and not to the centrosome of

the metazoa.

7. Chromosome-formation is first seen in the flagellates in

the form of rods which arise by the union of the previously scat-

tered chromatin granules. They form in typical though primi-

tive metazoan manner in Noctiluca and Englypha and all Metazoa

pass through these stages in preparing for mitosis.

Columbia University, April, 1898.
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Protozoan Nuclei.

Fig.

Fig

Figs. 1-4. A flagellate Protozoan of genus TetramitUS,

showing ^^distributed nucleus"—(N), and a

compact alveolus—(A). See page .... 382

The same form of TetramitUS undergoing division.

See page 383

Microglena punctifera. E = Eye spot. See page 384

Synura uvella. See page 384

-10. Chilomonas cylindrica Ehg. See page . . 385

Trachelomonas lagenella. See page . . . . 385

Trachelomonas hispida var. A. See page . . 385

Trachelomonas hispida var. B. See page . . 385

Trachelomonas volvocina. See page . . = . 386

Macro- and micronuclei of Stylonichia. See page 388

Amoeba proteus. See page 389

6
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Fig. 20
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Figs. 22

Fig

Figs. 17-19. Euglena viridis. Seepage 386

Ceratium fuscus. See page 390

Peridinium divergens. See page 390

-26. Noctiluca miliaris. See page 390
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A SIMPLE AND CONVENIENT PHOSPHOROSCOPE.

Wallace Goold Levison.

(Read April 4, 1898.)

In Wright's UgJit^ there is a description of a phosphoroscope

designed for lecture illustration which is attributed to Professor

John Tyndall. It consists of a cylinder set in revolution by a

crank mechanism before a slit in a light-tight box, through

which the light from an electric arc lamp enclosed in the box

falls upon the cylinder. The cylinder being coated with

coarsely pulverized uranium glass, the audience, in a dark room

observes a band of green light across the cylinder the inten-

sity of which increases in proportion to the rapidity of its revolu-

tion. This is due to light absorbed by the uranium glass as it

passes the slit, and given forth so deliberately as to be still es-

caping during the time required for more than a half revolution

of the cylinder.

Having occasion to use some such simple contrivance in a

recent investigation upon this property ^ of minerals, I con-

structed a modified form of this instrument consisting of a hol-

low pasteboard cylinder, set in revolution by an electromotor,

whereby much greater speed is attained than by a mechanical

device. Instead of coating the cylinder directly with the min-

eral to be examined I dust it in coarse or fine powder upon the

surface of sheets of paper brushed over with hot gelatine.

These fold around the cylinder and fasten with rubber bands,

and are, therefore, interchangeable at pleasure. In other cases

I simply fix a single piece of a mineral, either transparent or

opaque, upon the surface of the cylinder. At the great speed

1 Wright (L.), Light, London, 1882.

2 For which the term photofluorescence, in view of the recent experiments of

Wiedemann and Schmidt seems to me best adapted.

(401)
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attained by the electromotor, bands of light are thus obtained

from certain minerals which afford perhaps a shorter afterglow

than uranium glass. In one or the other of these ways I have

obtained a band of green light from willemite, from Franklin,

N. J., and a band of crimson light from corundum, from near

Franklin, Macon Co., N. C. I have no doubt that other min-

erals affording too short an afterglow to be at all pronounced

with the cylinder revolved by a hand power motor, would be

effective with my light cylinder set in rotation at the high speed

of an electromotor.

By further modification the apparatus may be used in two

other ways. The hollow pasteboard cylinder employed is

closed by a solid wooden block at the end which is fixed upon

the axle of the electric motor. The other end may be closed

with a paper cover, or left open
;

in the former case I attach to

the inside of this cover ^ a spring forceps, by means of which an

object such as a diamond, a ruby, or a piece of willemite may
be held exactly in the center of the cyhnder. The cylinder is

provided with a side opening through which the light from a

lantern condenser may be focused upon the object in the center

of the cylinder when the opening is on the side away from the

observer, and through which the side of the object just pre-

viously illuminated, may be seen by the observer wholly

screened from any light whatever, when the opening is on the

side of the cylinder toward the observer. If the object be thus

examined in a totally dark room and affords no afterglow, noth-

ing whatever is seen ; but if it affords an afterglow, it becomes

visible owing to the persistence of vision, with a characteristic

colored light when the cylinder rotates with sufficient speed,

and its brilliancy increases as the speed of rotation of the

cylinder further increases.

In the latter case a similar spring forceps supported upon a

suitable stand is introduced through the open end of the cylinder

to hold the object, which, therefore, does not partake of the

motion of the cylinder. The first form is adapted to both trans-

* Modification adopted since the paper was read. Exhibited at the Annual Re-

ception of the Academy [Physics, No. 7], April 13, 14, 1897.
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parent and opaque objects, the latter more particularly to trans-

parent objects which, being at rest, are more distinctly seen ; an

advantage in the case of cut gems.

In one or the other of these ways I have obtained beautiful

results from uranium glass, cut rubies, semi-transparent corun-

dum and willemite. I have not yet had an opportunity to try

a diamond affording an afterglow.

It is evident that both opaque and transparent substances may
be examined by this instrument, either fixed upon the outside

of the cylinder, or held within it, as described ; and in either

case its indications are quite sensitive, inasmuch as it may be

given so high a speed that only a very small fraction of a second

elapses after the object is illuminated and before its presentation

in absolute darkness to the eye of the observer. Moreover, in

either case, one object may be substituted for another quickly

and easily, and the brilliancy obtained from some minerals, es-

pecially rubies, is quite surprising.





[Annals N. V. Acad. Sci., XI, No. i8, pp. 405 10406, October ij, 1S98.]

photographp:d ocular micrometers.

Wallace (iooLD Levison.

(Read April 4. 1898.)

Owing probably to the difficulty of starting and stoppinir rul-

ing machines at cross lines without overrunning them, it has

been found difficult to obtain eye piece micrometers ruled in

squares, particularly of the design now so much used in water

supply investigations for counting and measuring micro-organ-

isms.

It occurred to me that these micrometers might be made

easily by photography, and as a test experiment I made some

of them by the ordinary simple dry-plate method with some

precautions to ensure clear films. An outline drawing 14 centi-

meters square was first made with India ink and an ordinary

drawing pen upon glass coated with gelatin, and one-half the

square in each direction was ruled in fiv^e equal parts. The
small central square formed by the crossing of these lines was

then divided by cross lines into twent}^-five equal areas accord-

ing to the plan given in Prof. Albert R. Leed's report on the

Brooklyn water.^

This drawing was photographed down b}' an ordinary one-

quarter portrait lens with small diaphragm .stop, to about five

centimeters square on a Stanley dry plate, care being taken to

obtain as nearly as possible a black negative with very clear

lines. For each micrometer this is again reduced by the same

lens to a square of seven millimeters on lantern slide plate, care

being taken to develop the lines black/ keep the film transparent

and avoid scratches.

^ A. R. Leeds, Report on the Brooklyn Water, published by the Department of

City Works of Brooklyn, X. Y., 1897.

ANNAL.S X. Y. Acad. Scr., XL, October 13, 1898—27.
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The plates thus obtained are cut in circles a little larger than

the recess in the eye piece diaphragm in which they are to be

used. A cover class is then applied with balsam and xylol and

baked for several days until the cement is hard and dr}\ The
circle is finally accurately centered on a lathe and ground to a

true circle of the exact size of the recess in the eye piece dia-

phragm.

In making these photographs the action of halation will cause

the lines to be much thinner in the negative than in the original

drawing and thicker in the finished positive than in the nega-

tive, and moreover it will cause a peculiar thickening where the

lines intersect unless the precautions known to expert photog-

raphers are employed at each step to counteract this peculiarity

of the photographic process.

But even if not wholly obviated, this does not materially in-

terfere with the practical utility of the micrometer. I have no

doubt that very accurate and beautiful micrometers may be thus

made by the so-called process method which is a wet plate

method used for making photo engravings as it affords jet black

lines on a particularly clear ground. The lines as I have made
them are thicker perhaps than is necessary, but this does not

appear to interfere with the use of the micrometer, providing

distances are taken from one side of a line to the same side of

the next line, and so on throughout the scale.

Eye piece micrometers made by the simple method I have

tried appear to be satisfactory for use with any objective, as re-

gards transparency. In fact they seem in some respects to be

more satisfactory than ruled micrometers, especially in the cir-

cumstance that the lines are black and always distinctly visible

and that they can be made with facility of any design desired.

For the latter reason they may be valuable not only for meas-

uring micro-organisms but also any class of microscopic objects

whatever, as for example the areas of the crystals or grains of

minerals in thin sections of rocks and building stones and

thereby perhaps estimating their relative proportions.



[Annals N. Y. Acad. Sci., XI, No. 19, pp. 407 to 413, October 13, 1898.]

NOTES ON BERMUDA ECHINODERMS.

Hubert Lvman Clark.

(Read May g, i8q8.)

The collection of echinodei"ms made in Bermuda in the sum-

mer of 1897 by the New York University party, has been very

kindly placed in my hands by Professor Bristol, for examina-

tion. Although the collection is in itself a small one, it is of no

little interest, as our present knowledge of the echinoderms of

Bermuda is very incomplete. So far as I can discover, no at-

tempt has hitherto been made to prepare a complete list of them,

so that it has seemed worth while to add to the .species in the

New York University collection, others which have previously

been recorded from the islands, thus making as far as possible a

catalogue of the littoral echinoderms of Bermuda. In 1888,

Professor Heilprin, of the Philadelphia Academy of Sciences,

published in the Proceeding's of that Academy, a list of the echin-

oderms, which he and a party of students had collected in Ber-

muda that summer. The list contains twenty species, six holo-

thurians, six echinoids, six ophiurids and two asteroids. Of the

six holothurians, four are described as new to science. The
New York University collection contains only eleven species,

but of these at least three are additions to Professor Heilprin's

list. The principal interest of the collection, however, lies in

the light which it throws on Professor Heilprin's " new " species

of holothurians, and on one of Professor Verrill's species of

starfish.

There are only two species of Asteroids in the collection, but

both are of interest. One of them, of which ten specimens lie

before me, is the common starfish of the Bermudas. One of

its peculiar features is the great variation in the number of arms,

one specimen having nine, five having seven and the other four

(407)
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six, while Professor Heilprin reports having found one or two

specimens with only five. The specimens I have agree in every

particular with the most careful descriptions of Astcrias toiui-

spi)ia Lamk., from the Mediterranean and eastern Atlantic, and, I

have no doubt, belong to that species. Verrill has separated

the Astcrias of Bermuda from A. tcnuispina as A. atlaiitica, on

the ground that the proportions of the arms are slightly differ-

ent and that there are no large single pedicellaria^. Sladen, in

his report on the starfishes of the "Challenger" collections,

identifies the only Astcrias from Bermuda as A. tcnuispiua and

questions the authenticity of Verrill's species. In the specimens

before me the proportions of the arms vary considerably and

large single pedicellarise occur in the ambulacral furrow as in A.

tenuispina. Accordingly it would appear that A. atlantica must

be regarded as a synonym of that species. In several of the New
York University specimens the prominent spines on the upper

surface are rather unusually colored, being strongly tinged with

violet. The other starfish, of which there are five specimens in

the collection, is Astcriiia folium Ltk., a small pentagonal

species found closely adhering to the under side of broken

pieces of rock. They are very light colored, almost white, but

one is strongly tinged with blue. They agree in all particulars

with specimens of the same species from Jamaica.

The two Ophiurids are of no especial interest, though one of

them has not previously been taken in Bermuda. This is OpJiiura

appressa Say, of which there are three specimens in the collec-

tion. They were kindly identified for me and compared with

Jamaica specimens by my friend, Mr. Caswell Grave, of the Johns

Hopkins University. Of the other species, Op/iioncrcis reticu-

lata Ltk., there is a large number of specimens. It seems to

be the common brittle-star of the islands.

The four Echinoids are all reasonably common in suitable

places, Professor Bristol tells me, and have all been recorded from

Bermuda before. They are Diadcnia sctusiiui Gray, Echiiuniictra

siibangularis Leske, Hipponoc csculcnta Leske and Toxopneustes

variegatus Lamk. Anyone familiar with the latter urchin as it ap-

pears in Jamaica or along our southern coast would never recog-
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nize it in these handsome specimens from Bermuda. A close

examination, however, shows that the great difference in color is

only one of degree. Specimens from Jamaica are green with white

markings and with whitish or greenish spines, the latter being

often tipped with violet. Now in the Bermuda Toxopiienstcs,

\'iolct has become the predominant color, so that all trace of

green and white variegation has disappeared. The test has be-

come very dark and the spines are a bright purple violet. This

tendency towards violet coloration of spines has already been

mentioned in connection with the starfish, Asterias, and it is

also quite marked in one of the other sea-urchins, Ecliinonictra.

Specimens of this form from Jamaica are usually reddish-brown

of some shade but the spines are often greenish, tipped with

violet. Bermuda specimens show this violet coloration of the

spines much more plainly. It would be interesting to know
what may be the cause of this tendency toward violet among the

Bermuda echinoderms ; but I have no explanation to offer.

There are only three species of Holothurians in the collection

but all of these are of considerable interest because of the light

which they throw on the " new" species described by Professor

Heilprin. Professor Bristol's students report that there are two

large species of SticJiopiis common at the Bermudas, and that

they are readily distinguishable from each other. This statement

agrees with Professor Heilprin's, who has described and figured

each of them as a new species. One of them is black and was

called vS". diaboli, but I am sorry to say that of this species there

is not a specimen in the collection before me. The other one

is less common, is markedly different in color, and was given

the name 6". xantJiouicla Heilprin. Of this species, I have two

specimens in hand, one of which agrees perfectly in color with

Professor Heilprin's description, while the other is much darker.

It needed but a glance to see that they are the common West
Indian form of SticJiopus, though what that form is to be called

it is not easy to decide. A more careful examination of the Ber-

muda specimens has shown that they agree in all particulars

with specimens from Jamaica. After a careful examination of

hundreds of specimens of SticJwpiis from Jamaica, both living
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and alcoholic, I am convinced that specific differences cannot be

distinguished in this genus with any accuracy except in living

specimens, and furthermore that coloration is so variable that it

is almost useless as a standard in classification. Four species of

Stichopiis have been described from the West Indian area, all of

them from alcoholic material, by men who have never visited

the West Indies, and they are separated from each other by char-

acters which are seen in a large series of specimens to intergrade

in inextricable confusion. For the present however, the com-

monest West Indian species may bear the name vS. iiidbii, be-

stowed by Semper, and Heilprin's 5". xantlwmcla is doubtless the

same. According to the latter the Bermuda form has eighteen

tentacles, but both of the specimens before me have twenty,

while one Jamaica specimen has nineteen and another twenty-

one. The normal number of tentacles in SticJiopus is however

twenty, and any other number is merely an individual peculiarity.

The second species of holothurian from Bermuda in my
hands is a small one, occurring under broken slabs of rock, and

of this there are six specimens. I have compared them with

more than a dozen species of small holothurians collected in Ja-

maica in similar situations, but they do not agree with any of

them satisfactorily. After some hesitation, I have decided to

refer them provisionally to Ludwig's Holotliuria siirinauicjisis, as

they approach nearest to that species, though the differences are

pretty clearly marked. I think it probable that a larger series

of specimens will show the Bermuda form to be a new species.

Professor Heilprin collected five specimens of a small holothu-

rian, which he refers to H. floridana Pourt., but neither in his

description nor his plate does he refer to the small rosette-like

calcareous bodies, so characteristic of that species and its allies.

If they are not present in his specimens, I should think it at

least possible that these are the same species as the ones before

me. The last of the three species in the New York University

collection is obviously either a TJiyriic or a representative of

that section of Ciiciunaria to which Lampert gave the name

Semperia. There are two specimens about 6 cm. long and

agreeing in all particulars with each other. After a careful



BERMUDA ECHINODERMS. 411

examination I refer them without hesitation to Ludvvig's Ciicu-

maria punctata, described from a specimen collected in Barba-

does. In a few details they differ from that species : the

color being apparently different, the stone csnal free, only

one polian vessel, and the- anus armed with five small cal-

careous teeth. The calcareous buttons are so numerous

in some places that the skin is very hard, the layer of but-

tons being .4 mm. thick. Professor Heilprin describes from a

single specimen a new species of Qicuniana which he calls

Sempcria bcnnudioisis. While I have no way of proving that

this is the same species as the specimens before me, the differ-

ences which he points out between it and Ludwig's C. punctata

do not seem to me important, and I strongly suspect that S.

bcruuidioisis Heilp. ought to be put down as a synonym of C.

piuictata Ludw. I am at a loss to understand what Professor

Heilprin means by the " long back processes " of the calcareous

ring ** for the attachment of the powerful retractor muscles."

So far as I know the retractor muscles of Cnciiniaria and

TJiyriic are never attached to the posterior prolongations of the

radial pieces of the calcareous ring but always to anterior pro-

longations. The latter are quite long in Cncumaria punctata.

In the light of these facts, I append the following revised list

of the littoral echinoderms of Bermuda, as complete as I have

been able to make it. It does not pretend to include the deeper

water species collected in the vicinity of the islands by the

'' Challenger."

CATALOGUE OF THE LITTORAL ECHINO-
DERMS OF BERMUDA.

ASTEROIDS.

1. Asterias tenuispina Lamk. = A. atlantica Verrill. Com-
mon. Collected by all parties.

2. Asterina folium Ltk. Not very common. " One speci-

men collected by the '' Challenger " and five by the New York

University party.
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3. Linckia guildingii Gray. Apparently not common.
Recorded by Sladen in the " Challenger " report and by Pro-

fessor Heilprin.

OPHIURIDS.

4. Ophiactis mulleri Ltk. Two specimens collected by the

Philadelphia part}'.

5. Ophiocoma crassispina Say. One specimen taken by

the Philadelphia party.

6. Ophiocoma pumila Ltk. Collected by the " Chal-

lenger " and by the Philadelphia party.

, 7. Ophiomyxa flaccida Ltk. One specimen taken by the

Philadelphia party.

8. Ophionereis reticulata Ltk. Abundant. Recorded by

all parties.

9. Ophiostigma isacantha Say. Two specimens taken by

the Philadelphia party,

10. Ophiura appressa Say. Three specimens taken by the

New York UniYcrsit}' party.

ECHINOIDS.

11. Cidaris tribuloides Bl. Reported common by the

Philadelphia part}'.

12. Diadema setosum Gray. Common. Collected by all

parties.

13. Hipponoe esculenta Leske. Not uncommon. Col-

lected by all.

14. Echinometra subangularis Leske. Common. Col-

lected b}^ all.

15. Toxopneustes variegatus Lamk. Common. Collected

by all.

16. Mellita sexforis Ag. Said to be common, but not

actualh' collected by either the Philadelphia or New York
parties. Recorded from Bermuda by Agassiz.

17. Echinoneus semilunaris Lamk. Reported from Ber-

muda by Agassiz in his " Revision of the Echini " and in the

" Challenger " report.
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i8. Brissus unicolor Kl. Reported from Bermuda by

Agassiz.

HOLOTHURIANS.

19. Cucumaria punctata Ludw. Two specimens collected

by the Ne\\' York University party.

20. Cucumaria (Semperia) bermudiensis Heilp. A very

doubtful species described from a single specimen taken by the

Philadelphia party.

21. Holothuria floridana Pourt. Five specimens collected

by the Philadelphia party.

22. Holothuria captiva Ludw. Two specimens collected

by the Philadelphia party.

23. Holothuria abbreviata Heilp. A very doubtful species

described from a single specimen, probably an abnormal indi-

vidual of the preceding species, collected by the Philadelphia

party.

24. Holothuria surinamensis (?) Ludw. Six specimens,

collected by the New York University party, are referred to

this species with much hesitation.

25. Stichopus diaboli Heilp. Reported as very common.

26. Stichopus mobii Semper. = S. xanthomela Heilp.

Reported as quite common.

27. Stichopus haytiensis Semper. Reported from Ber-

muda by Dr. Theel from a single specimen collected by the
" Challenger." I am inclined to think it may be the same

species as the preceding.

28. Synapta vivipara Oerst. Recorded from Bermuda by

Dr. Theel in the '' Challenger" report under the name ^S. picta.

Dr. Theel also has numerous other specimens from the Ber-

mudas.

Of the above twenty-eight species, four or five of the holo-

thurians are in doubt, so that the need of larger and more com-

plete collections is very obvious. Of the remaining twenty-two

or three species, all but one or two are distinctly West Indian,

so that it is only fair to expect the discovery of many more, by
more careful and systematic collecting.
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ADDITIONS TO THE PALEOBOTANY OF THE CRE-
TACEOUS FORMATION ON STATEN

ISLAND. NO. II.

Arthur Rollick.

(Read May 16, 1898.)

[Plates XXXVI-XXXVIII.]

In two papers upon this subject previously published our

knowledge of the Cretaceous flora of Staten Island was brought

up to the year 1892.^ Since that time considerable additional

material has been collected, including several species not before

recorded from the island, which have been the subject of notes

and memoranda read before the Natural Science Association of

Staten Island and published from time to time in its Proceedings.

The object of the present paper is to describe this material as

a whole and also to indicate certain modifications of views pre-

viously expressed, due to information acquired since the other

contributions to the subject were issued.

All the specimens were found in hardened ferruginous clay

concretions or shaly fragments, in connection with the terminal

moraine. None of the specimens was found in place, although

they must have been derived from Cretaceous strata in the im-

mediate vicinity, either on the island or on the adjacent main-

land. Some of those from Tottenville and Prince's Bay may
have been from the latter source, but the Arrochar specimens

were undoubtedly native to the island, although disturbed from

their original position.

It was previously taken for granted that all the cretaceous

^ The Palaeontology of the Cretaceous Formation on Staten Island. Trans. N.

V. Acad. Sci., XI (1892), 96-104; PI. I-IV.

Additions to the Paleeobotany of the Cretaceous Formation on Staten Island.

Ibid., XII (1892), 28-39; PI. I-IV.

(415)



416 HOLLICK.

strata on Staten Island were continuations of those at Perth

Amboy and Woodbridge, and that the fossil plants found in

them or derived from them would prove to be identical with

those of the mainland. Such, however, has not been found to

be the case, and this fact has seemed to indicate that some of

the strata from which the Staten Island plants were derived

may represent a different and presumably a higher member of

the Amboy clay series than do those represented at the New
Jersey localities mentioned.

Many of the species are identical, but a number of those

found on Staten Island have not yet been discovered in the

New Jersey clays, although these have been quite extensively

exploited and hundreds of specimens have been collected from

them ; and further, some of the species most common in New
Jersey are conspicuous by their absence or rarity on Staten

Island.

As is well known the Cretaceous clays of New Jersey ex-

tend across the State with a general northeast and southwest

strike and a dip towards the southeast of about fifty feet to the

mile. Those which outcrop furthest to the northwest are

therefore the lowest or oldest of the series. If a geological

map of New Jersey be examined and the trend of the clay out-

crops be theoretically extended on to Staten Island, it may be

readily seen that the lower beds, represented by those at Wood-
bridge, Sayreville, Perth Amboy and possibly South Amboy,
would strike the western shore of Staten Island in the vicinity

of Tottenville and Kreischerville, while the upper beds, repre-

sented by those in the vicinity of Cheesequakes creek, would

strike along the southern shore of the island from Tottenvnlle

to Arrochar.

This probability is further strengthened by the fact that marl

bed fossils have been found in the moraine at the latter locality,

showing that strata even higher than the upper members of the

clay series are or once were represented there.

From a consideration of these facts and other similar ones in

connection with the Cretaceous clays on Staten Island, Long
Island, Block Island and Martha's Vineyard, the name " Island
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Series " was given by Dr. Lester F. Ward to the strata repre-

sented on these islands.'

The "Island Series" would therefore lie above the Amboy
clays as described by Newberry,^ and below those of the clay

marls at Clifford, as described by me in a recent paper.^

The sequence of the strata and their relations to the localities

where they are prominently exposed may be understood from

the following table :

Geological Horizons. Strata. New Jersey Localities.

Matawan. Cliffwood.

Island Series. Morgans. (?)

Upper Potomac

(Amboy CI ays j. Albirupean Series.

South Amboy.

Perth Amboy.

Sayreville.

Woodbridge.

-> (" Iron Ore Series" ?)

Middle Potomac. Acquia Creek Series.

Not known in New

Basal Potomac.

Mount Vernon Series.

Rappahannock Series.

James River Series.

Jersey.

Whether or not all of Dr. Ward's conclusions will stand, ap-

pears to me, will depend upon future investigation. Thus far I

have failed to find the equivalent of the Island Series on the

mainland of New Jersey in the region where it should theoretic-

ally occur, nor have the ferruginous concretions and fragments,

by which the series is characterized on the islands, been found

there, and the fact of their absence on the mainland, and their

presence on the islands only in connection with the terminal

1 The Potomac Formation, 15th Ann. Kept. U. S. Geol. Surv., 335, 336,

2 The Flora of the Amboy Clays, Mono'g. U. S. Geol. Stti'v., XXVI.
^The Cretaceous Clay Marl Exposure at Cliffwood, N. J., Trans. A'. Y. Acad.

Sci., XVI (1897), 124-136.
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moraine, has led me to think that they are not characteristic of

the series except as representing fragments of clay strata which

were originally in a plastic condition but which have become

hardened by oxidation after having been torn up and made part

of the morainal material. This view is further strengthened by

the fact that these concretions and fragments may be found in

the moraine in every stage of development from masses of soft

clay with only a thin shell of limonite on the outside to those

which are hardened throughout. Many of the hardest frag-

ments also exhibit beautifully defined planes of shearing or

slipping, evidently accomplished before the process of harden-

ing had been completed. In several localities, notably at Glen

Cove, Long Island, and at Gay Head, Martha's Vineyard, the

shaly fragments and concretions occur in the Cretaceous clay

strata, but these strata are greatly contorted and have been sub-

jected to similar conditions to those which have wrought the

changes noted in the mixed morainal material. The disturbance

of the strata would naturally expose them to the same oxidizing

influences and would cause portions of them to be converted

into hardened seams or assist in the formation of concretions.

So that until we find the strata upon the mainland with such

hardened seams, fragments or concretions in place and con-

taining representatives of the same flora, the most reasonable

explanation of their occurrence throughout the morainal region

of the islands would seem to be that it is due to oxidation

caused by the disturbance wrought there by glacial action.

Cretaceous Plants of Staten Island.

In the following list Nos. 4, 5, 8, 9, 10, 11, 12, 14, 15 and

16 have not before been reported from Staten Island, and No.

1 2 represents a species here described for the first time.

I. Moriconia cyclotoxon Deb. & Ett.

(Plate XXXVII, Pig. 8.)

Moriconia cyclotoxon Deb. & Ett., Urwelt. Acrob. Kreidegeb.

Aachen und Maestricht, p. 59 (239), PL VII, P'igs. 23-27.

Locality : Prince's Bay, Staten Island.
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2. Thinnfeldia Lesquereuxiana Heer.

(Plate XXXVI, Fig. 6.)

Thinnfeldia Lesquereuxiana Heer, Fl. Foss. Arct., Vol. VI,

Abth. II, p. 37, PI. XLIV, Figs. 9, 10; PI. XLVI, Figs, i-ii,

12a and b.

Locality : Tottenville, Staten Island.

3. Populus Harkeriana Lesq. (?)

(Plate XXXVI, Fig. 8.)

Popuhis Harkeriana Lesq., Y\. Dak. Gr., p. 44, PI. XLVI,
Fig. 4.

Although somewhat imperfect in outline, this specimen

appears to agree in all essential particulars with this species

and seems to warrant at least a provisional reference to it.

Locality : Tottenville, Staten Island.

4. Salix inaequalis Nevvb.

(Plate XXXVIII, Fig. 4a.)

Salix incEqualis Newb., V\. Amboy Clays, p. 67, PI. XVI,
Figs. I, 4, 6; PL XVII, Figs. 2-7.

Locality : Arrochar, Staten Island.

5. Myrica longa Heer.

(Plate XXXVIII, Fig. 6.)

Proteoidcs longus Heer, Y\. Foss. Arct. Vol. Ill (Kreidefl.), p.

no, PI. XXIX, Fig. 8b; PI. XXXI, Figs. 4, 5.

Myrica longa Heer, ibid., Vol. VI, Abth. II, p. 6i,, PL XVIII,

Fig. 9b; PL XXIX, Figs. 15-17; PI. XXXIII, Fig. 10; PL

XLI, Fig. 4d.

Locality : Arrochar, Staten Island.

6. Ficus Woolsoni Newb. (?)

(Plate XXXVII, Fig. 9.)

Ficus Woolsoni Newb., FL Amboy Clays, p. 70, PL XX, Pig.

3 ; PL XXIII, Figs. 1-6.
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It is with considerable hesitation that I have provisionally

referred this fragmentary specimen to this species. Fig. 6 of

Plate XXIII, seems, however, to approach it. quite closely. A
similar specimen was also found in the clay at Kreischerville,'

which I referred provisionally to the same species (Trans. N. Y.

Acad. Sci., Vol. XII (1892), p. 33, PL II, Fig. i) and there can

be hardly any doubt that our two specimens represent one and

the same species.

Locality : Tottenville, Staten Island.

7. Protaeoides daphnogenoides Heer.

(Plate XXXVI, Figs. 1-3.)

Protceoides daphjiogcnoidcs Heer, Phyl. Cret. Nebraska, p. 17

PL IV, Figs. 9, 10.

This species was identified in the Amboy clays of New Jersey

by Newberry and whether his specimens are correctly referred

or not, there can be no doubt of the identity of our specimens

with those from New Jersey. (See Fl. Amboy Clays, PL

XXXII, Figs. II, 13, 14.)

Locality : Tottenville, Staten Island.

>

8. Myrsine elongata Newb.

(Plate XXXVIII, Figs. 3, 4b and c.)

Myrsine elongata Newb., Fl. Amboy Clays, p. 122, PL XXII,

Figs. 1-3.

Locality : Arrochar, Staten Island.

9. Andromeda Parlatorii Heer.

(Plate XXXVII, Fig. 7.)

Andromeda Parlatorii Heer, Phyl. Cret. Nebraska, p. 18, PL

I, Fig. 5.

For purposes of comparison the specimens figured by New-
berry (FL Amboy Clays, PL XXXI, Figs. 1-7 ; PL XXXIII,

Figs. I, 2, 4, 5) are better than the type specimen figured by
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Heer. This is particularly the case in regard to Figs. 2 and 4,

PL XXXI, above quoted.

Locality : Tottenville, Staten Island.

10. Hedera sp. ?

(Plate XXXVIII, Fig. 5.)

This specimen is too fragmentary for more than a generic

reference. It may possibly be a small specimen of H. prhnor-

dialis Sap., as depicted by Newberry in the Flora of the Amboy
Clays, PL XXXVII, Figs. 1-7.

Locality : Tottenville, Staten Island.

1 1 . Aralia rotundiloba Newb. (?)

(Plate XXXVIII, Fig. 2.)

Aralia rotimdiloba Newb., Fl. Amboy Clays, p. 118, PL

XXVIII, Fig. 5 ; PL XXXVI, Fig. 9.

The obliteration of the lobing in this specimen renders ac-

curate determination impossible. It may, perhaps, also be com-

pared with Cissites ingens Lesq. (FL Dak. Gr., PL XIX, Figs.

2, 2a), or with C. formosus Heer, as identified by Newberry.

(FL Amboy Clays, PL XLVII, Figs. 1-8.)

Locality : Tottenville, Staten Island.

12. Pistacia Aquehongensis n. sp.

(Plate XXXVI, Fig. 5.)

Leaf entire, linear-elliptical in outline, about ^ in. long by ^
in. wide ; nervation finely and uniformly pinnate, secondaries leav-

ing the midrib at a somewhat obtuse angle, closely parallel and con-

nected near the margin by cross nervation in a series of angles.

The specific name refers to " Aquehonga," the Indian name

for Staten Island.

This leaf is closely similar to P. aqttensis Sap. (Ann. Sci. Nat.,

Ser. V. Bot., Vol. XVIII (1873), p. 105, PL XV, Figs. 1-24),

which, however, is a Tertiary species.

Locality : Tottenville, Staten Island.

Annals N. Y, Acad. Sci., December 17, 1898—28.
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13. Sapindus Morrisoni Leso.

(Plate XXXVI, Fig. 4.)

Sapindus Morrisoni Lesq. Cret. & Tert. FL, p. 83, PL XVI,
Figs. I, 2.

Locality : Prince's Bay, Staten Island.

14. Sterculia Snowii Leso. (?)

(Plate XXXVII, Fig. 4.)

Sterculia Snozuii Lesq. Fl. Dak. Gr., p. 183, PL XXX, Fig.

5 ; PL XXXI, Figs. 2, 3 ; PL XXXII ; PL XXXIII, Figs.

1-4.

This specimen is too fragmentary for more than provisional

reference.

Locality : Tottenville, Staten Island.

15. Sterculia sp. ?

(Plate XXXVII, Fig. 5.)

Locality : Tottenville, Staten Island.

16. Pterospermites modestus Lesq.

(Plate XXXVII, Fig. 6.)

Pterospermites modestus Lesq. Fl. Dak. Gr., p. 186, PL LVIII,

Fig. 5-

Locality : Tottenville, Staten Island.

17. Magnolia longifolia Newb. (?)

(Plate XXXVII, Fig. 3.)

Magnolia longifolia Newb. FL Amboy Clays, p. ^6, PL LV,

Figs. 3, 5 ; PL LVI, Figs. 1-4.

This specimen is evidently a fragment of a large leaf, with the

nervation of Magnolia, and its provisional reference to one of the

Amboy clay species seems to be justifiable.

Locality : Tottenville, Staten Island.
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1 8. Dewalquea Groenlandica Heer. (?)

(Plate XXXVI, Fig. 7.)

Dcivalqiiea Groenlandica Heer. Fl. Foss. Arct., Vol. VI,

Abth. II, p. Zj, PI. XXIX, Figs. 18, 19; PL XLII, Figs. 5,

6; PI. XLIV, Fig. II ; ibid., Vol. VII, p. 3;, PL LXII, Figs.

5,6.

The reference of our specimen to this species is questionable.

Amongst all of Heer's figures the only one with which it can

be satisfactorily compared is Fig. 6, PL LXII, above quoted.

Nevertheless, as our specimen is apparently identical with those

provisionally referred to the species in the Flora of the Amboy
Clays (p. 129, PL XLI, Figs. 2, 3, 12), I have thought it

best to retain the name.

Locality : Tottenville, Staten Island.

19. Tricalycites papyraceus Newb.

(PL XXXVII, Figs. I, 2.)

Tricalycites papyraceus Newb., Fl. Amboy Clays, p. 132, PL

XLVI, Figs. 30-38.

Locality : Tottenville, Staten Island.

20. Rhizomorphs.

(PL XXXVIII, Fig. I.)

I use the term Rhizomorph in the same sense as it was

originally used by the late Dr. J. I. Northrop, in describing

similar cylindrical structures in the coral rocks on the island of

Nassau. (Notes on the Geology of the Bahamas, Trans. N. V.

Acad. Sci., Vol. X (1890), p. 16.) It has no connection with

the fungus genus RJiizoniorpha.

Amongst the commonest of the fossil remains found in the

hardened clay nodules in the drift at Tottenville are those which

I have included under the comprehensive name of Rhizomorphs.

They usually consist of limonite tubes, concretionary in struc-

ture, sometimes hollow, sometimes containing lignite or pyrite.

Occasionally the lignite has no casing of limonite around it.
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They invariably extend through the rock at, or nearly at, right

angles to the plane of stratification and are either straight or

sparingly branched. Where the ends appear on the surfaces

of the rock these give rise to little pits, usually encircled by the

rims of the limonite tubes. On breaking one of these nodules

open the structure and arrangement of the remains may be ob-

served.

I have never seen any fossils in the Cretaceous clays which

are comparable to them, but roots of living plants which have

found their way down into ferruginous clays and sands often

produce very much the appearance of our specimens, and I am
inclined to think that these rhizomorphs represent the lignified

remains of former living roots, which were retained in their

original positions after the clay had been torn up and trans-

ported. During the subsequent hardening of the clay and the

oxidation of its contents, iron-bearing water followed along the

roots, gradually depositing a tube of limonite, while the vege-

table tissue was either destroyed or converted into lignite.

From this point of view our rhizomorphs would represent post-

Cretaceous preglacial vegetation.
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THE LATTER PART OF LUCRETIUS, AND
EPICURUS Tiepl [xezzcopcDv.

E. G. SiHLER.

(Read March 28, 1898.)

The charm of Lucretius is perennial. The source of it, how-

ever, is rather complex. That his work is the foremost didactic

poem of antiquity is admitted. That his manipulation of the

possibilities of the Latin tongue stamps it, as Teuffel says, as the

production " Eines Sprachgewaltigen" few would gainsay. That

his exordia and many of his digressions really are meant by the

lumina of Cicero's judgment in his letter to his brother Quintus

(2, 11) seems most probable. And still stronger than these

is the tremendous earnestness of the man. We have a distin-

guished Epicurean in the generation after L., Horace of Venu-

sia. To him, too, we may trace that blending of morals, of

quasi-religious conviction and strictly philosophical tenets, which

constituted adherence to the one or the other of the two most

prominent sects of the day : the Epicurean and the Stoic.

These conditions Horace evidences most frankly in his earlier

writings, e. g., in the Iter Brundusinum, I, Sat. 5, 97.

dein Gnatia lymphis
Iratis extructa dedit risusque iocosque,

Dum flamma sine tura liquiscere limine sacro

Persuadere cupit. Credat Judaeus Apella
Non ego : namque decs didici securum agere aevum,

Nee, siquid miri faciat natura, decs id

Tristes ex alto caeli demittere tecto.

The vanity of concern for the utter extinction implied in the

mortality of the soul is iterated in his Odes, as is the vanity of

all human passions
;
the good-natured banter of criticism of

Stoic exaggeration comes naturally from an Epicurean
; but the

(431)
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fearless and uncompromising attack on the Etruscan religion of

his country is not sounded by the pensioner of Maecenas, and

the poet who composed for the princeps the Carmen Saeculare

and supported distinctly the social and religious reforms so dear

to Augustus (recorded too as the latter's dearest aspirations in

the Monumentum Ancyranum) could not well make a propa-

ganda—for Epicureanism. It is different with Lucretius. His

tremendous earnestness is coupled with a humility and rever-

ence for the person and doctrine of Epicurus which I need not

substantiate here in detail, I, 66-79, m> ^ ^^% ^^*^ particularly

III, 1042

ipse Epicurus obit decurso lumine vitse

qui genus humanum ingenio superavit et omnis
restincsit, Stellas exortus ut setherius sol . . .

and the much quoted lines V, 8, sq.

deus ille fuit, deus, inclyte Memmi
qui princeps vitae rationem invenit earn quae

nunc appellatur sapientia . . .

As to the Greek sources of Lucretius : was there anything be-

side Epicurus himself? If so, what ? If not, which writings

of E. ? Then too : did he base it all on the 37 bb. of E. T,zp\

(fuaeco;;} The exhaustive grouping of every shred of Epicu-

rean doctrine by H. Usener, of Bonn, in his Epicurea, Leipzig,

1887, with the critical edition of the text of book X, of Diog-

enes Laertius is a monument of erudition . . . still, inasmuch

as Epicurus' doctrine is stated there with very great conciseness

as a summary digest for the conning of confirmed disciples and

not with explicit clearness nor argumentative breadth, the temp-

tation has always been great for students of the subject to make
Epicurus' letter to Herodotus a ** source" of L.

The exact mode in which Lucretius used the main work the

37 bb. TZEfH (puaeco^ will probably never be known, inasmuch as,

although there were three complete copies of Ep. 7:e(n ipuazcoq,

in the villa of Piso at Herculaneum, the deciphered fragments

from the carbonized rolls are entirely too scanty to permit in-

ferences ; if Philodemus, a second-rate writer, was represented
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with his endless volumina in that Epicurean Hbrary, are we to

beheve that a Lucretius was content with a perusal of anything

short of the great dogmatic w^ork of the master ? It is not

likely. This, too, is made more probable by the substantial ele-

ments of controversial analysis or censure directed against other

schools, and particularly against the Stoics, although the latter

are never mentioned by name throughout the work of Lucre-

tius. These controversial elements certainly were not in them-

selves attractive to such Roman readers as were to be made

proselytes of the sect. Therefore, I do not see how the paral-

lels between the letter to Herodotus and between Lucretius,

elaborated by Ivo Bnins in his Lucrezstudien, Freiburg, Tuebin-

gen, 1884, prove anything in this respect. Nor am I convinced

of the main thesis of Bruns, that Lucretius, in the course of the

elaboration of his work, determined quietly to omit or remove

the treatment of the theory of cognition, to xavovixov, of the

system of Epicurus.

Why should we assume that the treatment of the Kavcov was

an essential part of the 37 bb 7:=.pc (puaeco^ when, as we see in

Diogenes L. X., 27, there was a distinct volume Trepl x()crrj(noij

Tj havcov. . . .

Lucretius essayed to show that this physical theory truly

emancipated the souls of men from fear of death and from all

the terrors with which the traditional mythology had invested

the Inferno, that it secured that peace of soul which in the Epi-

curean conception is essentially negative, freedom from all the

passions whether involved in the persuit of wealth, of sexual

indulgence [hence the appendix of book IV in L.,] or of political

preeminence. This is " purgare pectora " L. VI, 24. Now
books I-IV substantially present in sequence what Epicurus

called '^ yvrjOLOz, (puaioXoyia : [letter to Pythocles, Diog. L. 10, 85] .

But books V and VI of L. are apt to make at first the impres-

sion of a mass of unrelated or ill-related matter. As for book

V the very exordium 5 5 sqq. states distinctly a complex theme :

the creation of organic beings, persistence of created types, es-

sentially physical nature of mind : deception of man by visions.

My next theme [rationis ordo] : this organic universe is perish-
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able [Diog. L. lo, 74 (pdaprol ol x6au.oc\. Earth, sky, sea,

stars, sun and moon estabHshed by that association of matter,

creation of Hving beings out of the earth [primitive civiHzation]

,

origin of speech, rehgion, absence of conscious purpose in the

movement of heavenly bodies, no teleology : celestial mechanics

directed by no divine providence.

These themes are actually found in the book, although in a

somewhat different order. Beginning with V. 509 sqq. we begin

to notice that characteristic mark of Epicurus' treatment of

" za ^ezicofja,'' viz., the advancement of two or more theories to

explain phenomena so radically different from the absolute posi-

tivism of the atomistic physical system proper, of boks I.—IV.

But it may be more instructive to present at first tables showing

the themes and the sequence of themes in Epicurus and

in Lucretius.

Epicurus to Pythocles. Lucretius V.

Diog. Laert., X. 85 sqq. 509- Motion of stars.

Sun, moon and '' other stars
"

564- Size of Sun.

Size of sun. Heat of Sun.

Decline and filling of the moon. 619. Sun's mutation of course

Face in moon. in the year.

Eclipses. 650. Night,

rd^t<$ izeptodou. 656. Periodicity of sunrise.

Length of night ,and day. 680. Correlation of day and

Clouds. night iri length.

Rain. 705- moon's phases.

Thunder. 751- Eclipses.

Lightning. (771-779 resume.)

Thunderbolt.

Waterspouts. Book VI.

Earthquakes. 96. Thunder.

Winds. 219. Lightning : optical phe-

Hail. nomena.

Snow. 379- Lightning : destructive

Dew. phenomena.

Hoarfrost. 451- Clouds.

Ice. 495- Rain.
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Rainbow. 527. Snow, hail, hoarfrost, ice.

Halo of moon. (A few lines only. )

Comets. 535. Earthquakes.

Slower movements of some stars. 639. Etna.

Meteors. 713. Nile. (explanation of

Seasons. (?) summer-rise.

)

738. Exhalation of Avernus.

840. Puzzling changes of tem-

perature.

906-1082. Magnet.

1090. Epidemics in general.

1 138. The plague at Athens.

430-429.

(Paraphrase of Thucyd. II 47-

55-)

The most striking thing in the letter to Pythocles is this :

The interest of Epicurus in the explanation of these phenomena

is not a scientific or even a positive one : it is mainly negative ; to

furnish natural explanations, an assortment of two or three or four

or even more, sometimes without much, ifany, indication which to

prefer as long as the idea of any divine will or agency as a fac-

tor was utterly cancelled from the problem ; cf , also, in letter to

Herodotus § 76 x«; ivfiV Iv Totq, (izrecopoc- ipopav xal rpoTirjv xac

ixXecipcv xal avaroXr^u xal o'jatv xal to. auazotya. toutoic, jJ-Tjtz Iztroup-

youvxbq, rtvoq, uoptt^ecv dec yh^tadac xal dcardTTOi^TO:; 7^ ocazd^aiizo;;

xal cLpta TYjP Tidaay fJLaxapcorrjra. ey^oi^zo:; pLeza dipdapa'tac, . . . and

so in the letter to Pythocles § 97 of the course of the sun . . .

xal
/J
dzla ipijatz, TZpb^ zauza. fiTjoaarj Tzpoaa.ykadco d/ld dlztzoupyr^zo'-:

dcazTjpeiadco xal iu zyj Tzdarj juaxapiozr^zi, clk; ec zouzo [irj Tzpa.ydrjozzat

cLTzaaa 'fj Tzepl zcop ptezecopcov alztoKoyia pazala iazac. And fur-

ther recurring to the element of supernatural cause 87-, '' i-ru

zbu fiudov xazappzt'' And § 115, speaking of other possible

modes of explaining meteora :
" xal dXXot di zpoTzoc elz to zoijzo

zeXiaac diiudr^zoi elacv.''

When we turn away from this general negative bias of this

summary iitzuopoX.oyia we are met by a curious and puzzling

characteristic.
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These phenomena, according to Epicurus, according- to their

very nature, are unattainable to our positive knowledge ; many
explanations are possible for each of them as a rule, one is as

good as the other ; their knowledge is a mere inferior corollary

to the system of atomism proper, "fj yvr^acoc, (puaioloyta (Diog. L.

lO. 85). The aim of this acreoXoylais not scientific precision, nor

the satisfaction of the craving for accurate knowledge ; no, here

too it is (§85) drapa^ta
; these themes belong to an entirely dif-

ferent category from the (§ 86) zcou dlhov <puacxc7)v 7ifJo[^XrjadTcov

Hddapac:^, e. g., that the universe is material and intangible (dvaiprj^C)

as to its fundamental substance (i. e., as to the atoms), and that

the atoms are the material principle, principles which are in abso-

lute harmony with phenomena ; not so, however, with pzikcopa
;

^alh). raJjzd ys TJ.zovayjiV ly^a xal rr^z, yzvkauoz ah'iav xal tyj^ ohaia^i

raj'c o.cadrjazac GUfupcovov 'Aarrjyopiav.

The main point is not to adopt and persist in any ojie explana-

tion, but give equal authority to them all as long as none of

them is in hisharmony with parallel or analogous processes from

the spheres of our actual empirical perception and observation

{ivapyrjpaza^g2>)--'

In one passage § 94 he refers to the adoption of the single

or exclusive as ''being smitten" with it—cf §98 (y-arayajzav)

as a folly of him who knows not the (§ 113) limits of human
survey. And so—a brief illustration must suffice

—

e. g., he

gives four explanations of the changes of sun and moon, and

speaks with scorn of the computations of professional astrono-

mers as (§ 93) r«c o.'^dpaKodcodec^ ^o.azpokoycov zzyytzz'taq. . . .

of the decline and increase of the moon he offers not less than

six ; explanations, of clouds (§ 99), four ; of rain, four ; of

thunder, 7^7^^ (§ 100); of lightning § 101-102, seven; of earth-

quakes, three ; with a fourth collective which recurs frequently.

It would be mere iteration to go through the whole list.

This easy eclectic attitude towards the real solution of these

phenomena, this absolutely unscientific, nay childish, position as

over against exact science, naturally brought Epicurus and his

school into very glaring contrast as over against the positive

attainments of the Peripatetic and Stoic schools.
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And so this particular matter well illustrates the attitude of

Epicurus and his school to technical culture or towards the

cultivation of technical knowledge. Usener has collected the

passages: Epicurea, p. 170, sqq. Cf. particularly Diog. 10, 6

Tzatoziw^ OS Tzdcrai', fJ-oyAruz, (fs^rfs., zdxdzcov \j.pdfjLV>o^ and

Quintil. 12, 2, 24, *'fugere omnem disciplinam." But, we

are all told, there are doubts as to the genuineness of the letter

to Pythocles, so that Usener, while critically editing it with the

other two letters, brackets the title. This is due to a notice of

Philodemus in the Herculanean papyri, 2d collation, Tom. i,

fol. 152, with Usener's supplements, p. 34.

'* 6-0^'' r^'a] V r.'v [a] [/a] ii^idv [es] v "cot; -£p\ tvjo)'^

^emroiJ.yi'^ xdi rob ~ep\ aperiby xri . .
.''

The notice of Philodemus, who was a close contemporary of

Lucretius and intimate friend of Calpurnius Piso, really is, in the

first place, a prima facie proof that this piece of Epicurean writ-

ing existed in his day and had a place among the works of Epi-

curus. Further, the summaries must have (like the xij()iai do^ac)

enjoyed a much greater vogue than the bulky w^orks of Epi-

curus ; they were evidently studied and passed on from genera-

tion to generation in a school in which the ipse dixit of the

master was zealously maintained as the standard of true doc-

trine. It is natural, on the other hand, and most probable that

a man of real attainments and wide knowledge like Philodemus

had little love for this weakling among the intellectual progeny

of the son of Neocles, and would have been glad to have it

neglected or cast aside as a bastard.

The genuine and profound indifference of Epicurus towards

this entire sphere of themes I need not emphasize again ; it is

unfair to demand (as Usener does) more apt arrangement and

fitness in the succession of themes—or what succession of

themes would Usener postulate ? The strongest argument for

the genuineness of this second-rate product of Epicurus, how-

ever, is afforded by the parallel of Lucretius' themes.

He is not (as Epicurus did not) desiring to write an exhaus-

Annals N. Y. Acad. Sci.,XI, January, 1899—29.
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tive or systematic treatise on physical phenomena both normal

and abnormal ; at the first reading of the greater part of Book

V and all of Book VI one cannot suppress a feeling that sys-

tem is cast to the winds and to miss that rigid, comparativel}'

speaking, that rigid sequence of treatment which is so unmis-

takable in the general unfolding of Epicurean doctrine in Books

I—IV. Cf Munro's commentary on Lucretius V, 533. And
with Epicurus' incessant railing against the postulate of one ex-

planation (rov yLOvayji zi>67iOv, §95 1. c. and § 1 13 ro (5s fitav

ahiav TO'jzioii^j-odcdovac^ TiXiovaycoz tCov (fatvoiievcovvAYM'koup.kviov,

fiavrAov i(TTi). Cf. Lucretius V, 620, *' no// inquam, simplex his

rebus reddita causast."

^' 729 [of two different astronomical theories]

^'proinde quasi id fieri nequeat quod pugnat uterque

'^aut minus hoc illo sit cur amplectier ausis.

"

And 751

Solis item quoque defectus lunaeque latebras

pluribus e causis fieri \S\A posse putandumst.

And so again in book VI, 703 sqq., the theory of alTtoKojia is

advanced even more clearly :

" Sunt aliquot quoque res quarum nnam dicere causam non

satis est, veruni plnris, nneie nna tanien sit ; as f e. when you

see the dead body of a man lying at a eiistanee [/. e., preclud-

ing a close and direct inspection on our part] ; there it behooves

us to exhaust the entire range of contingencies through which a

man may perish
; although we cannot, at that distance, prove

any particular single one : the sword, or frost, or disease, or

poison. And so we find the same plurality of explanation in

Lucretius : positive and exclusive asseverations in this sphere

are impossible.

V 526 nam quid in hoc mundo sit eorum ponere certrun diffieile

est ; sed quid possit fiatque per omne [das All].

in variis mundis varia ratione creatis

id doceo ////mque sequor disponere causas, etc. . .
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€. g., V, 509 sqq. of the motion of the stars thj\'c conjectural ex-

planations, with two alternatives for the third ; for the light of

the moon 575 ti^'o ; the periodical mutations in the sun's course

614 sqq. tzuo ; the problem of night (650), tzvo ; the correlation

of day and night 680 sqq. tJircc ; moon's phases 705 sqq. three ;

eclipses 750 sqq. two.

Thunder VI, 96, nine explanations ; lightning (246), four

;

waterspouts (423), tivo ; clouds (451), five; rain (495), /c?z/r;

earthquakes (535),/^?^^"/ rise of Nile {y 12), four.

It is a matter of some interest, philologically, to survey the

range of expression in which each writer presents the modality

of possibility of alternative conjecture; in Diog. L. 10, 93;
^s'^diyczm. . . o(J.o'lco^. . . r^ xal. . . rj '/.at—

; 94 yjj.t bfioico:;., . . ire

ok YM.i. . . 67: Ts'ei^oiyezac. . . vjokyzzac oi. . . in 95 ;
d'jvazac xai.

. . . xaL . . in 107 ;
euddy-Tac. . . ycuoizo du. . . 'aTioziXeacv dv

hj-H^dvoc. . . in 1 1 1 r^zoc. . . r^zot r^.—in 112; oh fiovov. . . 'a/dd

yjjA. . . Yj. . .
—xo.t xaz d?.XoiJ^ ok rr/Moua^ zponou^ duvazac. With

this compare Lucretius V, 5 1 5 sqq. Aut. . . est etiam quoque

uti possit. . .
; 375 sq. sive. . . . sive. . . . ; 637 fit quoque ut

;

651 Aut. . . aut. . . quia; also 658, 660, 682, 697; aut etiam

quia 701
;
potest 705, est etiam quare 715 ; and 731 sqq. cur

nequeat. . . , difficilest ratione docere. . , 753 sqq. cur luna

queat. . . non posse putetur. . . 762, cur terra queat. . . 765
aliut nequeat. . . and in VI, 97 propterea quia. . . 108

etiam. . . 116 fit quoque. . . ut ; 121 hoc etiam pacto. . .

videntur ; 132 est etiam ratio. . . ; 137 fit quoque ut. . . 142

sunt quoque 156 denique. . . 160 item.—295 est etiam cum.

It cannot be my aim to enter into the detail, much less into

the scientific merits, of these explanations ; it is curious and

noteworthy that Seneca in book VI of his naturales quaestiones

dealing with the problem of earthquakes [a theme suggested by

the great earthquake of 63 A. D., from which Pompei and all

the gulf of Naples suffered] , in reviewing the extant theories on

earthquakes, while quoting the Epicurean Metrodorus c. 19;

and Epicurus himself does not mention Lucretius, with whom
he was familiar. Now Seneca puts Epicurus 6, 20 in the cate-

gory of those " qui omnia ista quae retuli in causa esse dixerunt
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aut ex his plura. And particularly VI, 20, § 5 is so strong a

confirmation of the letter to Pythocles that it seems pertinent to

give part of it entire : omnes istas posse esse causas Epicurus

ait pluresque alias temptat, et alios, qui aliquid iiiunu ex iis esse

adfirmaverunt, corripit, cum sit arduum de his quae coniectura

sequenda sunt, aliquid certi promittere." And so the version of

Seneca contains the following words or phrases of alternative

conjectural statement : potest, potest, fortasse enim, fortasse,

fortasse, fortasse, fortasse, fortasse . . . et inde aut, aut.

But Lucretius has further themes which hardly come within

the sphere of fLezicopa, Etna, Nile, exhalation of Avernus,

odd changes of temperature in a certain spring, the Magnet,

Epidemics, the Plague at Athens. True, but his fundamen-

tal interest is that of ad Pythoclem § 104 : /^ovov o (vjOo::

^arckazco^ (iTzkazai o£, z6.v ztz xaXco:^ tu2:: (facvo/jtsi^u:^ axoAo'jdcov 7:s(jc

zcov 'aifo.'uiov arjfieuozac. The absolute elimination of divinity as

factor or efficient cause, §113 and 116,' learn this by heart,' my
dear Pythocles ; for the sequence is stated as a two-fold one :

xaza 7:oA''j Zz ydo zo~j fiudo'J v/.[ir^a'f^ vju zd o/wyey?^ zo'jzoc:; aijuopdv

d'JWjav^. And so we see Lucretius engaged in elaborate and

ambitious efforts to apply the abstract and fundamental doc-

trines of atomism, e. g., in dealing with Etna, 647 sqq., with

Avernus and its reputed exhalations, 769, 790 sqq., w. the

magnet, 906 sqq., where the preliminary elaboration of first

principles is carried on with such fulness that the poet apologizes :

919. et minimum longis ambagibus est adeundum and

108 1, nee tibi tam longis opus est ambagibus usquam

nee me tam multam hie operam consumere par est . . .

and while it is his ambitious attempt to apply fixed principles (cf.

Diog. L. 10, 116, *' zr^v zcov ^apyCov xat ^aizecpia:^ xal zcov a^jyycuwv

Touzocz dzconiavy to definite physical problems which swelled the

theme of the Magnet to the bulky total of 184 lines (905-1089),

let us glance at the theme of Thunder and Lightning in the

earlier part of book VI, 96-379, a little less than 300 lines . . .

and then follows the fervid attack on the formulae of the Etruscan

ritual and the folly of ascribing these manifestations to Jupiter

;
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which uprooting of popular fear of the gods with its interde-

pendence with the fear of death is really the chief motive and the

very essence of this unique poem . . . the practical moral in-

terest of emancipating the soul vastly predominates over the

didactic or speculative interest.

But the limits of the libci\ the mechanical necessity even of

limitation, so instructively elaborated by Th. Birt in his " Das

Antike Buchwesen," 1882, put their constraint upon the poet;

so that alongside of these disproportionate elaborations of par-

ticular themes as just noted we find, e.g., VI, 527 sqq. snow,

winds, hail, hoarfrost, ice merely summarily mentioned, and

turned over to the reader's application of first principles. We
must not incline, however, to the assumption that this apparent

miscellany of physical and meteorological themes and problems

in Lucretius \" and VI was a mere appendix, or second-thought

supplement of the work proper ; for in the very first detailed

announcement of his chief themes, in I, 127, this entire matter

is even placed first in order :

Qua propter bene cum superis de rebus habenda

nobis est ratio, solis lunaeque meatus

qua fiant rati one. . .

In conclusion we ask were the aizkcooa an essential part of the

37 bb. Tzim c'jazco::'^ It seems impossible to prove that the let-

ter to Herodotus, § 35, 83, in Diog. L., X, is a true, i. c, an even

and truly proportioned summary of the entire range of the great

work of 37 bb., the brief reference to (izricopa in § yG is too

slender for elaborate or positive inferences. In the list of E's

works Diog. L., 10, 27, of some forty-nine titles with Sgvolumina

are recorded as za ^ilzcoTa out of the total of 300 x'jAcvdpoc with

the exception of Tzeol vorwv oo^at there is no title specifically

bearing on the subject of tJLZzicopa.

New York University, 1898.
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RECORDS OF MEETINGS

OF THE

NEW YORK ACADEMY OF SCIENCES.

January, 1898, to December, 1898.

Richard E. Dodge, Recording Secretary.

REGULAR BUSINESS MEETING.

January 3, 1898.

Academy met with President Stevenson in the chair. The
minutes of the last meeting were read and approved. The Sec-

retary presented for election as Resident Members the names

of the following candidates which had been duly approved by

the Council.

Resident Members Elected.

F. W. Devoe, loi Fulton street.

W. G. Dewitt, 88 Nassau street.

E. I. Haines, New Rochelle, N. Y.

Michel M. LeBrun, 8 Mountain avenue, Montclair, N. J.

Charles S. Schultz, Hoboken, N. J.

S. L. H. Ward, 6y Wall street.

The Secretary was authorized to cast a ballot for the names

read, and all were declared elected.

The section of Astronomy and Physics then organized.

J. F. Kemp,

Secretary.

(445 )
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SECTION OF ASTRONOMY AND PHYSICS.

January 3, 1898.

Mr. Dudley in the chair, eighteen members and guests pres-

ent. W. Hallock was appointed Secretary, pro ton. Minutes

of last meeting read and approved.

The first paper was by H. Jacoby, entitled Photographic

Researches near the North Pole of the Heavens. Pro-

fessor Jacoby explained how the ** trail plates " are taken with

stationary telescope having in its field the north pole point, and

pointed out how, after proper corrections, an improved location

of the pole could be obtained as the common center of the trail

arcs. The results are excellent, and bid fair to give much better

values for declination than those obtained by other methods.

The paper was discussed by Professor Rees, Mr. Post and

Professor Hallock.

The second paper was by P. H. Dudley, entitled The Com-

pletion OF Relaying the Track of the Boston and Albany
Railroad with 95 -lb. Rails. Mr. Dudley outlined the intro-

duction of rails of improved material and section, and the

gradual relaying of this line, showing how greatly the road was

improved at all points, how heavier loads were carried, and how
a gain was obtained in all directions. Meeting then adjourned.

W. Hallock,

Secretary of Section^ pro tern.

SECTION OF BIOLOGY.

January 10, 1898.

Professor Osborn in the chair, fifty-six persons present. The
following programme was offered:

H. F. Osborn, The Origin of the Mammalia.

F. M. Chapman, The Distribution of Birds in the State

of Vera Cruz.

F. E. Lloyd, On Hypertrophied Leaf-Scales in Pinus

ponderosa.
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Professor Osborn showed that the speculation of recent au-

thors (Cope, Baur, Osborn) regarding the ancestry of the mam-
maha turns back to certain Permian reptiles of the orders Therio-

dontia Owen, and Gomphodontia Seeley. He reviewed the

characters of the skeleton of these Theriodontia, showing their

unmistakable promammalian features. A number of persistent

reptilian characters were also cited. In conclusion, the speaker

said that these Theriodontia have the geological age required for

ancestors of the mammalia, and are the only type of reptiles

which exhibit mammalian affinities. Their great size and cer-

tain adaptive specializations alone bar any known type from di-

rect ancestry of the much smaller earliest mammals ; but this

fact does not preclude the existence of very small unspecialized

forms which may have developed into the mammalian type. Pro-

fessor Osborn's paper was illustrated by lantern slides.

Dr. Chapman described the various types of vegetation and

the altitudinal distribution of birds along the course of the two

railroads running from the coast at Vera Cruz into the table-

lands of the interior. His paper was also illustrated by lantern

slides. In answer to Professor Britton's question w^hether the

variations in air pressure have any influence in modifying bird

structure, the speaker said apparently not. They undergo dif-

ferent pressure, as shown by height of flight, and seem to thrive

equally well under differing conditions of barometric pressure.

Professor Lloyd showed that scales which subtend the fasci-

cles oi Pinus ponderosa are morphologically equivalent to leaves
;

and, when hypertrophied, these leaves closely resemble the leaf

of the genus Pseudotsuga. The speaker suggested that the

Pines may have been derived phylogenetically from a general-

ized form represented by Psaidotsuga, and that the hypertro-

phied leaves are atavistic.

Gary N. Calkins,

Secretary of Section.
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SECTION OF GEOLOGY.

January 17, 1898.

Professor Kemp in the chair, fifteen persons present.

The first paper was by Mr. Arthur HoUick, entitled Fur-

ther Notes on Block Island Geology and Botany. The
speaker gave a summary of his work done on Block Island in

July, 1897, and particularly of his success in tracing eastward

from Long Island the Amboy clays which had previously been

determined by paleontological evidence on Staten Island, Long
Island and Martha's Vineyard. Something like fifteen species

of Middle Cretaceous flora, nine of them typical of the Amboy
clays, have been found.

Mr. Hollick then classified the existing flora of the Island

physiographically into that of the hills, peat bogs, sand dunes

and beaches, salt marshes and salt water. In the course of his

work he has added to the already published lists something

like twenty-four new species, although it is not considered that

this by any means completes the list of possible species that might

be found in the springtime. The flora as a whole is distinctly

that of a morainal country, and its nearest analogue is that of

Montauk Point.

Mr. Hollick then offered some suggestions to account for the

present peculiar flora of the island, and particularly for the ab-

sence of certain species that would be expected, and showed

that two elements are to be taken into consideration, the geolog-

ical and the human. Block Island is the only part of the ter-

minal moraine along the New England coast which does not

have accompanying the moraine a certain amount of plain land

which would naturally allow a variety in the flora. It is pre-

sumable that Block Island also has been practically separated

from the rest of the continent by a deep channel of more than

twenty fathoms for a considerable time, and that even before

the last depression of the land the island was connected with

the mainland merely by a small peninsula. Hence the diversity

of the flora as compared with the continent, because of the

length of separation.
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The speaker also mentioned the extensive archeological dis-

coveries on the west shore of the island, and gave a list of the

shells and implements discovered in several of the kitchen mid-

dens, and also of the bones of animals brought to light in the

old fireplaces in the sand dunes. He made particular mention

also of the great numbers of Littorina, the common periwinkle

of Europe, which has never before been announced from Block

Island. The paper was discussed by Professor Lloyd and Dr.

Martin.

The second paper of the evening was by Richard E. Dodge,

entitled Scientific Geography in Education. The speaker

brought out the point that geography work may be classified

into three divisions, that for the common schools, the secondary

schools, and the universities, and outlined briefly a few sugges-

tions as to how the subject matter might be treated scientifically

in each of the groups, and the dependence of each group upon

the others. He paid particular attention to the difficulties of

securing scientific work in geography in the grade schools, and

to the fact that geography at present is extremely unsatisfactory

in most of our schools, probably because of the lack of inspi-

ration owing to the neglect of the subject hitherto in the universi-

ties of the country. The paper was illustrated by the exhibi-

tion of cheap and easily procurable maps, that can be used for

scientific geography work of several grades.

The meeting then closed with a few remarks by Professor

Kemp, in reference to the famous classic, entitled Litho-

GRAPHIvE WiRCENBURGENSIS DUCENTIS LAPIDUM FIGURANTORUM,

A POTIORI INSECTIFORMIUM PRODIGIOSIS IMAGINIBUS EXORNAT^,

SPECIMEN PRIMUM, written by J. B. A. Beringer in 1726. Pro-

fessor Kemp summarized the work of the author in attempting

to explain a great collection of pseudo fossils from a theolog-

ical standpoint, the fossils having previously been made by some

practical jokers and buried in the rocks for the author to find.

Richard E. Dodge,

Secretary of Sectmi.
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SECTION OF PSYCHOLOGY AND ANTHROPOLOGY.

January 24, 1898.

Professor Bliss in the chair. Fourteen names proposed for

membership by the Secretary, were referred to the Council.

The following papers were then presented :

E. L. Thorndike, Experiments in Comparative Psychol-

ogy.

H. J. Smith, Recent Archeological Investigations in

British Columbia.

L. Farrand, Report of the Meeting of the American

Psychological Association at Ithaca.

Charles B. Bliss,

Secretary of Section.

REGULAR PUBLIC LECTURE.

January 31, 1898.

The Academy met in the Mott Memorial Library and listened

to the second public lecture of the season, which was delivered

by Professor Henry H. Rusby, of the College of Pharmacy,

upon the subject. An Afternoon on a Venezuelan Bayou.

Thirty persons were present and at the conclusion a vote

thanking the speaker was passed.

J. F. Kemp,

Secretary.

REGULAR BUSINESS MEETING.

February 7, 1898.

The Academy met, with President Stevenson in the chair.

About twenty-five members present. The minutes of the last

meeting were read and approved. The Secretary presented the

following nominations of new members from the Council :
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Corresponding Member Elected.

Professor George E. Hale, Yerkes Observatory, Williams

Bay, Wis.

Resident Members Elected.

James Boyd, 1 2 Franklin street.

Alfred S. Brown, i6o West 76th street.

William Phelps Eno, 1 1 1 Broadway.

William W. Hoppin, 1 1 1 Broadway.

J. Morgan Howe, M.D., 58 West 47th street.

John S. Kennedy, 6 West 57th street.

Solomon Loeb, 37 East 38th street.

Edwin S. Marston, 20 William street.

George L. Nichols, 66 East 56th street.

Wheeler H. Peckham, 685 Madison avenue.

J. Hambden Robb, 23 Park avenue.

Henry H. Rogers, 26 East 57th street.

J. A. Roosevelt, 4 West 57th street.

H. L. Thornell, 51 West 73d street.

Spencer Trask, 27 Pine street.

John I. W'aterbury, Morristown, New Jersey.

Frederick H. Wiggin, 55 West 36th street.

Alfred R. Wolff, i 5 West 89th street.

C. A. Woodward, D.D.S., 49 West 36th street.

George Zabriskie, 45 West 48th street.

On motion the Secretary was instructed to cast a ballot for

all the nominees, which was done. The Secretary presented the

following recommendation from the Council, which, on motion,

was adopted by ballot :

Resolved, That in consideration of the extremely valuable and

conscientious services to the Academy of Professor D. S. Martin,

his past dues be hereby remitted, and that he be made a Life

Member.

Amendments to By-Laws.

The Secretary laid before the Academy the following amend-

ments to the by-laws, which had been recommended by the

Council

:
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Chapter I, to add Article 4 :
" The number of Fellows shall

be limited to 100."

Chapter V, Article I, to add :
'' Past Presidents of the Acad-

emy, residents of New York City, shall be advisory members

of the Council, with a right to be present at the meetings and

to serve on committees, but without vote. They shall be

notified of all meetings."

The Section of Astronomy and Physics then organized.

James F. Kemp,

Secretary.

SECTION OF ASTRONOMY AND PHYSICS.

February 7, 1898.

The meeting was called to order with Mr, P. H. Dudley in

the chair, twenty-one members and guests being present. The
reading of the minutes of the last meeting was omitted, and

the section proceeded with the programme of the evening.

H. Jacoby took the chair
;
and P. H. Dudley read a paper,

illustrated by lantern views, entitled The Use of the Dudley
Stremmatograph for Determining the Strains Produced

IN Rails by Moving Trains." He described the use of the

instrument in recording tensional and compressive stresses

in steel rails under various kinds of traffic, and stated that

much greater stresses exist in steel rails than are commonly
supposed to be caused by locomotives and cars standing on or

moving over them. After a few supplementary remarks in reply

to questions, Mr. Dudley resumed the chair, and W. S. Day
read a paper entitled Recent Experiments Concerning the

Specific Heat of Water. He discussed the results obtained

by Rowland, Schuster, Bartoli, Griffiths and Miculescu, in

measuring the mechanical equivalent of heat, and compared the

results obtained by these scientists by means of curves. The

paper was discussed by W. Hallock, H. Jacoby and others.

After a few concluding remarks by Professor Jacoby, the meet-

ing adjourned.

R. Gordon,

Secretary of Seetiuii.
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.SECTION OF BIOLOGY.

February 14, 1898.

Professor Osborn in the chair. Twenty-one persons present.

The following programme was presented :

George S. Huntington, The Eparterial Bronchial Sys-

tem of THE Mammalia.

F. S. Lee, The Function of the Ear and Lateral Line

IN Fishes.

Professor Huntington's paper dealt with the structure of the

Bronchial System and with the pulmonary supply in various

representatives of orders and families of the Mammalia. The

conclusions reached are at variance, in their main points at least,

with the views expressed by Professor Achy and with the gen-

erally accepted views in the text-books of human and com-

parative anatomy. The most primitive form appears to be Achy's

"bilateral hyparterial type," represented by Achy in Hystrix

cristata, by Weber in Balcena mysticctus^ and now by the author

in Taxidea Americana.

In the other mammalia a distinct and progressive series can

be established between the primitive types of bronchial distribu-

tion and the most complex arrangement.

Among the many conclusions reached by Professor Hunting-

ton, we may note the following : The active agent in changing

the architecture of the lung is not the pulmonary artery (Achy),

but the migration of the cephalic primary trunk or its proximal

secondary derivative for increasing respiratory area. The pul-

monary artery, in the majority of forms, is lateral ; hence, dis-

tinction in "dorsal" and "ventral" should be abandoned, etc.

Dr. Huntington's paper was well illustrated by lantern slides.

Dr. Lee, after describing his experiments on the auditory

functions of certain fish, came to the following conclusions : (i)

the otolithic organs mediate the perception of progressive move-

ment
; (2) all experiments for demonstrating the power of hear-

ing in the customary sense, have failed, but destruction of the

organs of the lateral line, combined with removal of the large

pectoral and ventral fins in some species {BatracJitts tail) causes

Annals N. Y. Acad. Sci., XI, January 18, 1899—30.
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lack of appreciation of equilibrium, also central stimulation of

lateral nerve causes coordinated compensating movements of the

fins exactly similar to those caused by stimulation of the acous-

tic nerve. The inference then is that the organs of the lateral

line are sense organs of equilibrium analogous to the ear
; (3)

the ear is a derivative of the lateral line.

Dr. Lee's paper was illustrated by models, charts and dia-

grams.

Dr. J. A. Blake was nominated for membership, and referred

to Council.

Gary N. Calkins,

Secretary of Sectioii.

STATED MEETING.

February 21, 1898.

The Academy met with President Stevenson in the chair.

Seventeen members present.

The Secretary presented the following nominations for resi-

dent membership :

Robert F. Cornish, 1 2 3 Claremont avenue, Montclair, N. J.

Mrs. Henry Draper, 271 Madison avenue, New York.

Rev. Dr. Henry Mitchell McCracken, D.D., LL.D., New
York Universit}^

Mr. G. F. Kunz presented a circular relating to the proposed

dinner of the Scientific Alliance and urged all the members of

the Academy to be present.

SECTION OF GEOLOGY AND MINERALOGY.

February 21, 1898.

Professor Kemp in the chair. In the absence of the Secre-

tary, Mr. Gilbert van Ingen was elected Secretary, pro teni.

The first paper was by George F. Kunz, entitled A Recent

Discovery of huge Quartz Crystals in the West. The
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crystals were found in the neighborhood of Grass Valley, Cal.,

in placer gold mines and, although somewhat waterworn, are re-

ported to be of great size and clearness. One is said to weigh

a ton. The paper was discussed by Messrs. Levison and

Kemp.
The second paper related to the exhibition of recent acces-

sions of rare minerals, loaned for the purpose, by Professor A.

J. Moses. Among the rest a large specimen of cellular rock

with coats of Huantahajite, the whole being 8 inches square,

was of particular interest. In the absence of Professor Moses

the specimens were commented on by the Chairman and by

Professor Chester.

The third paper was by Professor F. D. Chester, entitled

Krennerite from Cripple Creek, Col. The speaker re-

marked on the raritv of the mineral and described his g-ood for-

tune in obtaining a specimen with ciystals capable of being

measured, which were now being studied by Professor Penfield

of Yale. The paper led to a considerable discussion upon the

occurrence of the telluride ores, by Messrs. Caswell, Chester,

Kunz and Kemp.

Professor Kemp then exhibited some specimens of the Nephe-

line Syenite from Dungannon, Ont., which he had received from

Mr. F. J. Pope, and which showed crystals of Corundum of

large size, forming an original mineral in the rock.

Dr. W. G. Levison exhibited some microscopic mounts of

minerals in small pasteboard boxes.

A paper by Stuart Weller, entitled Description of De-

vonian Crinoids and Blastoids from Milwaukee, Wis., was

read by title.

On motion the meeting adjourned.

Gilbert van Ingen,

Secretary, pro teui.
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ANNUAL BUSINESS MEETING.

February, 21, 1898.

The Academy met with President Stevenson in the chair.

Fifty persons present. There being no minutes to read, the

President called for the Annual Reports of the various officers.

Report of the Recording Secretary.

The year now closing has been a successful and gratifying

one in the history of the Academy. The meetings have been

well attended, the quality of the papers good, and the general

interest in the affairs of the organization has been pronounced.

The membership has increased beyond any previous figure in

its history.

There have been nine meetings of the Council, nine regular

business meetings of the Academy, twenty-two additional stated

meetings, five public lectures, one public reception, and two re-

ceptions to distinguished scientific visitors from abroad.

The Section of Astronomy and Physics has held eight meet-

ings, with an average attendance of twenty ; the Section of Bi-

ology has held eight, with an average attendance of twenty-

four ; the Section of Geology and Mineralogy eight, with an

average of thirty-three ; the Sub-section of Philology three,

averaging twenty-seven ; and the Sub-section of Psychology

and Anthropology four, with about the same number.

A total of eighty-three papers has been presented, not includ-

ing Public Lectures, which may be classified as follows :

Anatomy I Geology 16

Anthropology 5 Mechanics I

Archeology 2 Mineralogy 4
Astronomy 6 Paleontology 8

Botany I Philology 5

Civil Engineering I Physics 9
Chemistry 4 Psychology 2

Geography 3 Zoology 18
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Fifty-one new members have been elected, nine have resigned,

and three have died, leaving a total of 330 on the Secretary's

list, a gain of 39 over last year. As stated above, the resident

membership of the Academy is now the largest in its history.

One Honorary Member has been elected and ten nominations

are pending. One Corresponding Member has been elected

and the nominations of fifteen are pending. Nineteen Resident

Members have been elected Fellows.

In connection with the publications the Council has decided

that it is inadvisable to issue two octavo series and a quarto.

The Transactions will therefore be discontinued with Volume

XVI and will be merged into the Annals, beginning Volume

XI of the latter. While the same size of page will be pre-

served a new and more desirable font of type has been chosen.

The records of the meetings will be printed separately from the

scientific papers. The volumes will also run coincidently with

the calendar years.

The by-laws have been amended so as to abolish the fee

for election as Fellow. And so as to limit the number of Fel-

lows to one hundred.

The public reception of the Academy in March last passed off

most successfully and the exhibition has now become an annual

event, anticipated both within and without the Academy.

The Academy extended to Sir Archibald Geikie in May last

a reception which proved a very enjoyable occasion ; and in

October offered its hospitalities to Dr. Albrecht Penck.

Respectfully submitted,

J. F. Kemp,

Recording Secretary.

Annual Report of the Treasurer.

Receipts.

Balance on hand as per last Annual Report $394.89

Contribution to Audubon Fund 100.00

Income of Audubon Fund 89.86
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Income of Publication Fund $60.00
" Permanent Fund 300.14

Life Membership Fee 100.00

Initiation Fees 2 50.00

Annual Dues, 1894 ;$ 10.00
" " 1895 30.00

1896 80.00

" 1897 2,035.00
" " 1898 290.00 2,445.00

Proceeds Sale of Electrical Fixtures 20.00

^3759-89

Disbursements.

Net Cost of Publishing Annals ;^690. 14
Net Cost of Publishing Transactions 1,033.71

F^xpenses of Recording Secretary 380.68
" Secretary of Biological Section 15.22

" Librarian 82.46

Cost of Accession to Library I4- 13

Expenses of Treasurer 31 .63

Janitorial Services 48.00

Rent of Rooms, Oct. i, 1897, to Jan. i, 1898 70.00

Insurance Premium 19-37

Expenses of Lectures 58.00
*' Fourth Annual Reception 546.52
" Moving 32.63

;^3,022.49

Balance, Cash now on hand 737.40

Details of Permanent Fund.

Balance on hand as per last Annual Report ;^348.68

Life Membership Fee received during the year .... 100.00

Initiation Fees received during the year 250.00

Balance now on hand $698.68
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Details of Audubon Fund.

Contribution received from Mrs. Esther Hermann. . ;^ 100.00

Income from Bond and Mortgage Investment 89.86

Charged back to Publication Fund 23.00

Balance now on hand $2 1 2.86

Details of Publication Fund.

Income from Bond and Mortgage Investment $60.00

Credited back to Audubon Fund $23.00

Credited to General Income a'c 3 7-00

$60.00

Details of General Income Account.

Balance brought down as per last Annual Report . . $46. 2

1

Income from Permanent Fund 300. 14
" *' Publication Fund 37.00

Proceeds Sale of Electrical Fixtures 20.00

Received for Annual Dues 2,445.00

$2,848.35
Less :

Net Cost of Publishing Annals and Transactions. . . $1,723.85

Expenses of Officers 509.99

Rent of Rooms, Janitorial Services and Cost of

Moving I 50.63

Cost of Accessions to Library $14.13

Cost of Lectures 58.00

Cost of Fourth Annual Reception 546.52

Insurance Premiums 19-37 $3,022.49

Deficiency in Income to meet Current Expenses. . . 174.14

Summary.

Balance to credit of Permanent Fund $698.68
'* " Audubon Fund 212.86

$911.54

Less Deficit in General Income 1 74. 1

4

Balance, Cash on hand $737.40
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Assets.

Cash in Bank $737.40

Investments in Bonds and Mortgages,

a/c Permanent Fund $8,402.75

a/c Publication Fund 1, 800.00

a'c Audubon Fund 1,797.25 $12,000.00

Annual Dues, in arrears.

For 1 895 20.00
*' 1896 140.00
'' 1897 310.00 470.00

Total $13,207.40

As against amount last year 12,644.89

Respectfully submitted,

C. F. Cox,

Treasurer.

On motion the report was referred to the Finance Committee

for auditing.

Honorary Members Elected.

The following nominations of Honorary Members were then

presented from the Council :

Professor Arthur Anweers, Berlin.

Professor W. K. Brooks, Johns Hopkins University, Balti-

more.

Dr. David Gill, Astronomical Observatory, Cape of Good
Hope.

Dr. George W. Hill, Nyack, N. Y.

Professor E. Ray Lankester, Oxford, England.

Professor Albrecht Penck, Vienna, Austria.

Professor W. Pfeffer, Leipzig, Germany.

Professor Hans Reusch, Christiania, Norway.

Professor Karl von Zittel, Munich, Germany.

Professor R. Virchow, Berlin.

On motion, the Secretary was instructed to cast a ballot for

all the nominees, which was done and they were declared

elected.
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Corresponding Members Elected.

The following nominations of Corresponding Members were
presented from the Council :

Professor F. D. Adams, Montreal.

Professor W. B. Balfour, Edinboro, Scotland.

Professor George Baur, Chicago.

Dr. William Carruthers, British Museum, London.
Professor T. C. Chamberlin, Chicago.

Professor William M. Davis, Cambridge, Mass.
Dr. A. Franchet, Paris.

Professor J. P. Iddings, Chicago.

Professor C. S. Minot, Boston.

Dr. George Murray, British Museum, London.
Professor W. B. Scott, Princeton, N. J.

Professor C. O. Whitman, Chicago.

Professor H. S. Williams, New Haven.
Mr. C. D. Walcott, Washington.

On motion the Secretary was instructed to cast a ballot for

all the nominees, and they were declared elected.

Election of Officers.

The Academy then proceded to the election of officers for the

ensuing year. The following ticket was elected by ballot :

President, Henry F. Osborn.

Tst Vice-President, Nathaniel L. Britton.

2d Vice-President, James F. Kemp.
Corresponding Secretary, William Stratford.

Recording Secretary, Richard E. Dodge.
Treasurer, Charles F. Cox.

Librarian, Arthur Hollick.

Conncilors, Charles L. Bristol, Bashford Dean, Charles A.
Doremus,, William Hallock, Harold Jacoby, Lawrence A. Mc-
Louth.

Curators, Harrison G. Dyar, Alexis A. Julien, George F.

Kunz, Louis H. Laudy, William D. Schoonmaker.
Finance Committee, Henry Dudley, John H. Hinton, Cor-

nelius Van Brunt.
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Annual Address of retiring President, J. J. Stevenson.

On the announcement of the election, President Osborn took

the chair and assumed control of the meeting. Retiring Presi-

dent Stevenson then delivered the annual Presidential Address

upon the subject, The Debt of the World to Pure Science.

The address appears in the Annals, Vol. XI, pp. 177-192. At

the conclusion of the address. President Osborn expressed the

thanks of the Academy to the speaker, and the meeting ad-

journed.

REGULAR BUSINESS MEETING.

March 7, 1898.

President Osborn in the chair, fifteen members present. Min-

utes of last meeting read and approved.

The amendments to the by-laws proposed at the February

meeting were both carried.

The Secretary presented for the Council the following names

for Resident Membership, and he was authorized to cast one

ballot for the list, which was done.

Resident Members Elected.

Robert H. Cornish, 123 Claremont avenue, Montclair, N. J.

Henry Mitchell MacCracken, D.D., LL.D., New York Uni-

versity.

Dr. Joseph A. Blake, 437 West 59th street.

Mrs. M. A. P. Draper, 271 Madison avenue.

Members Proposed.

The following nominations were read and referred to the

council :

Life member, Miss Catherine W. Bruce, 810 Fifth avenue;

nominated by J. K. Rees.

Resident 7)iembers, S. B. Hoffman, Morristown, N. J. nomina-

ted by Harold Jacoby.
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Douglass Burnett, 42 Livingston street, Brooklyn, N. Y.;

nominated by P. H. Dudley.

The following paper was read by title, and referred to Publi-

cation Committee : The Northrop Collection of Crustacea,

by Professor Walter M. Rankin, of Princeton, illustrated by

three plates.

The Section of Astronomy and Physics then organized.

Richard E. Dodge,

Sccretarv.

SECTION OF ASTRONOMY AND PHYSICS.

March 7, 1898.

Meeting was called to order by the Chairman, Mr. P. H.

Dudley, there being eighteen persons present. The first busi-

ness of the meeting was the election of officers for the ensuing

year. Nominations being declared open, J. K. Rees nominated

P. H. Dudley as Chairman. There being no other nominations,

the Secretary was empowered to cast one ballot for Mr. Dudley;

and he was declared elected Chairman. R. Gordon was nomi-

nated Secretary by W. Hallock. There being no other nomi-

nations, the Secretary was empowered to cast one ballot for him;

and he was thereby declared elected.

The next business was the reading of papers.

Romeyn Hitchcock read a paper entitled, Industrial Appli-

cations OF Oxygen in which he described a gas enriched by

oxygen for the purpose of increasing its heating power. He
compared the composition of this gas, with which experiments

have been carried on recently, with that of several of the usual

gases commercially employed for lighting and heating. After

brief discussion, W. Hallock described a Make-Circuit Pen-

dulum, and showed a working model of the same. After some

discussion, the meeting adjourned at 9:20 P. M.

^ R. Gordon,

Secretary of Section.
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STATED MEETING.

March 14, 1898.

President Osborn in the chair.

Secretary read the following nominations of committees made
by the President, from the body of the Council for the en-

suing year.

Connnittce on Publicatioji : President and Secretary, Professors

Dean, Jacoby, McLouth, Kemp and Britton.

As representatives of the Neiv York Academy of Sciences in

the Scientific Alliance : The President, Professor Stevenson and

Mr. Cox.

Secretary then made announcement of the proposed grant of

the Newberry Fund for the ensuing year.

Section of Biology then formed.

Richard E. Dodge,

Secretary.

SECTION OF BIOLOGY.

March 14, 1898.

Professor Wilson in the Chair. Twenty-three persons pres-

ent. The following program was offered :

1. B. B. Griffin, A Description of Some Marine Nemer-

TEANS FROM PUGET SoUND AND AlASKA.

2. W. H. Hornaday, The Destruction of Birds in the

United States.

3. N. R. Harrington, Report on the Crustacea of Puget

Sound.

4. H. E. Crampton, Jr., An Important Instance of Insect

Coalescence.

In the absence of the author, Mr. Griffin's paper was read

by title.

Mr. Hornaday first described the method employed to reduce

bird loss to figures. Circulars containing the following ques-

tions were sent out to trappers, guides, sportsmen and natural-

ists in all parts of the United States, (i) Are birds decreasing
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in your locality ? (2) How many birds are there now com-

pared with fifteen years ago ? (3) What are the most destruc-

tive agents ? (4) Are any birds becoming extinct ? The

answers came from all but four States and territories, and

showed surprising agreement. The most destructive agencies

are sportsmen, plume-hunters, boys after eggs, pot-hunters,

fire, English sparrows, etc.; and through these it has been esti-

mated that there has been a decrease of about 4.6J0 during the

last fifteen years. It was shown that game and edible birds are

becoming scarce, and that song birds are being used for food in

their stead ; that plume-birds are becoming extinct, and that de-

structive agencies are increasing. Mr. Hornaday concluded

with an appeal for more drastic measures in our game laws and

for their careful execution. The paper was discussed by the

Chairman, by Professor Osborn and by Mr. Mathews.

Mr. Harrington's report was based on the Crustacea col-

lected at Puget Sound in 1896, and worked up by W. T. Cai-

man, University College, Dundee, Scotland. It dealt with sixty-

three species, some three of which were new. One of the new
species, a parasite, Pseitdione giardi, is interesting because males,

female, and larva, were all found on a single specimen of its

host Eupaguriis ochotensis ; another new species, Polycheria os-

borni is interesting because the only other known representative

of the genus is found in the Antarctic region. The entire col-

lection was made up as follows: Macriira, 15 species (13 of

which were shrimps) ; Brackyura, 34 species ; Isopoda, 6 spe-

cies ; Aniphipoda, 3 species ; Copepoda, i species.

Mr. Crampton spoke of his experiments on insect-grafting,

and of one case in particular where the colors of the scales of

one species were imposed upon the scales of another. The
paper was discussed by Dr. Dyar and others.

The Secretary of the Academy notified the Section that the

income of the John Strong Newberry Fund of the Council of

the Scientific Alliance is to be awarded this year to a paleon-

tologist or a zoologist ; and that a candidate should be chosen

before the Council meeting of April 2d.

Gary N. Calkins,

Secretary of Section.
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STATED MEETING.

March 21, 1898.

President Osborn In the chair. Minutes of meeting of Feb-

ruary were read and approved. Secretary read the following

paper by title :

The Physiology of Secretion, by Albert P. Mathews.
Section of Geology and Mineralogy then formed.

Richard E. Dodge,

Secretary,

SECTION OF GEOLOGY AND MINERALOGY.

March 21, 1898.

Professor Kemp in the chair. Thirty-four members present.

Minutes of the last meeting were read and approved. Secretary

read a letter from the Secretary of the Scientific Alliance in

reference to the Newberry grant for paleontology or zoology.

The paper of the evening, illustrated by lantern, was by Dr.

Heinrich Ries, entitled The Clay and Kaolin Deposits of

Europe. Dr. Ries sketched briefly the geographical distribu-

tion of the Kaolin deposits, and their relation and comparison to

similar deposits of America. He then gave special attention to

the deposits of Great Britain, Belgium, Denmark, Germany and

Austria, and mentioned briefly those found in other regions

He described particularly the deposits of Cornwall, which are

found in association with veins of Tin and Granite in regions

where it is supposed that the Feldspar has been changed to Kaolin

through the influence of fluoric fumes rising from below. These

products are very pure, containing g7 Yzfo of clay substance. He
also spoke of the ball plastic clays found in southwestern Eng-

land, which occur in lenses in large beds of sand, and are used

to mix with non-plastic kaolins. Refractory clays are found in

England and Scotland in the Carboniferous rocks, and are worked

by underground mining. Impure clays, used for bricks, are par-

ticularly found in the vicinity of London. The Staffordshire
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blue brick, Fuller's earth and Bath brick deposits were sketched

briefly, and the technological treatment in Great Britain, Ger-

many and the United States was compared. The latter part of

the paper was devoted to a rapid summary of the position, quality,

uses and manner of mining of the famous clays of Bornholm,

Denmark
; of the Glasspot clays of southeastern Belgium ; of

the Kaolin deposits of Limoges, France, and the deposits of

Prussia.

The paper was discussed by Dr. Julien, the Chairman, and

Professor Hallock.

Professor Henry F. Osborn described the progress this year

made through international effort in correlating the larger divi-

sions of the fresh water Tertiary deposits of Europe by a study

of the vertebrate remains.

Professor J. F. Kemp was nominated for Chairman of the Str-

tiofi for the ensuing year. There being no other nomination he

was unanimously elected.

Dr. Heinrich Ries was nominated for Secretary of the Section

and unanimously elected.

Academy adjourned at 9:15.

Richard tl Dodge,

Secretary of Section.

SUB-SECTION OF PHILOLOGY.

March 28, 1898.

Meeting called to order by Chairman, Professor T. R. Price.

Officers for the ensuing year were elected : Lawrence A. Mc-
Louth, Cliairman ; A. V. Williams Jackson, Secretary.

Moved and carried to request Council of Academy to pro-

vide for four meetings of Philological Section for 1898-99.

The following papers were read and discussed :

E. G. Sihler, The latter part of Lucretius, and P>icurus

J. R. Wheeler, The Newly Discovered Poems of Bacchv-

LIDES.
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B. D. Woodward, The Vowels of the Rumanian ani>

OTHER Romance Languages.

On account of the lateness of the hour, the reading of the

last paper on the programme was postponed.

Lawrence A. McLouth,
Secretary of Section.

REGULAR BUSINESS MEETING.

April 4, 1898.

Academy met at 8:10, President H. F. Osborn in the chair.

Minutes of the last meeting were read and approved.

Secretary submitted the following list of names that had

been approved by the Council for election, and was authorized

to cast one ballot for the same, which was done.

Members Elected.

Miss Catherine W. Bruce, 810 Fifth avenue. Life Member
Douglas Burnett, 42 Livingston street, Brooklyn.

S. V. Hoffman, Morristown, N, J.

Members Proposed.

The following candidates for membership were read and re-

ferred to the Council under the rules :

Francisco G. P. Leao, Chancellor of the Brazilian Consulate.

C. E. Tripler, 121 West 89th street.

Dr. L. T. Chamberlain, 128 Fifth avenue.

The President appointed Mr. P. H. Dudley as the represen-

tative of the Academy in the Scientific Alliance, in the place of

Professor J. J. Stevenson, resigned.

The Secretary made announcement of the changes to be in-

corporated in the eleventh volume of the Annals, now under

way, with certain new regulations in reference to the printing of

papers, and gave a statement of recent business transacted by

the Council.

Section of Astronomy and Physics then organized.

Richard E. Dodge,

Secretary.
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SECTION OF ASTRONOMY AND PHYSICS,

April 4, 1898.

The Section organized with Mr. P. H. Dudley, the Chairman,

presiding. There were sixteen persons present. After the

reading of the minutes of the last meeting, the following papers

were presented :

Mr. W. G. Levison showed a Photographed Eye-Piece

Micrometer, and described the construction of it, also speaking

of micro-organisms as a complication in washing photographic

plates. He, in addition to this, described and showed a model

of a simple phosphoroscope. The discussion on these subjects

was participated in by W. Hallock, C. F. Cox, H. F. Osborn,

and C. C. Trowbridge.

The next paper was entitled A Modification of Mance's

Method of Measuring Battery Resistance, by W. S. Day.

This was treated mathematically by Dr. Day at considerable

length. After this Frank Schlesinger read a short paper upon

The Pr.esepe Group, mentioning the measurement and reduc-

tion of the Rutherford photographs of this group. After a few

questions by members on the subject of the measurements the

meeting adjourned.

Reginald Gordon,

Secretary of Section.

SECTION OF BIOLOGY.

April i i, 1898.

Professor Wilson in the chair. Eighteen persons present.

Election of sectional officers for ensuing year. Dr. Dean sec-

onded by Professor Stratford, moved that Professor Wilson and

Mr. Calkins be reelected to their respective offices, and the

Secretary was directed to cast one affirmative ballot.

The following programme was announced :

I. 0. S. Strong, A New Point on the Innervation of

the Lateral Line Organs.

Annals X. Y. Acad. Scl, XI, January 18, 1899—31
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2. A. p. Mathews, The Physiology of Secretion.

3. G. N. Calkins, The Origin of Protozoan Nuclei.

4. F. C. Paulmier, Spermatogenesis in Hemiptera.

Dr. Strong explained some exceptions which have been urged

to the view that the lateral line organs are innervated exclusively

by special roots having a common center in the medulla.

Among these exceptions is the innervation of a certain canal

-

organ by a branch of the glossopharyngeus instead of by a lat-

eral line nerve proper. Dr. Strong showed that, close to the

medulla in the young dog-fish (^Sqitahis acantJiias) a small intra-

cranial bundle of fibers becomes detached from the lateral line

root, and fuses with the glossopharyngeus. This bundle retains

its identity, shown by greater calibre, etc. On emerging from

the auditory capsule the bundle becomes detached and passes

to a canal organ. Similar fibers described by Kingsbury in

Aniia, would probably be found to have the same history.

The three other papers were read by title, the authors not

being present.

H. E. Crampton,

Secretary of Section^ pro tein.

FIFTH ANNUAL EXHIBITION.

April 13 and 14, 1898.

The Fifth Annual Reception was held in the American Mu-
seum of Natural History, April 13 and 14, 1898, under the

control of the following committee, assisted by the chairmen of

fifteen departments of science : Henry F. Osborn, Reginald

Gordon, Charles F. Cox, Gary N. Calkins, and Richard E.

Dodge, Chairman.

The exhibition lasted two evenings and one afternoon, and

was attended by an estimated number ofmore than 6,000 people.

The annual lecture was given April 14th by Professor George

E. Hale, of Yerkes Observatory, on " The Function of Large
Telescopes." Several demonstrations of Liquid Air were given

by Mr. Charles E. Tripler.
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The programme and catalogue of this exhibition is printed as

an appendix to Part I of Vol. XI of the Annals.

Richard E. Dodge,

Secretary.

STATED MEETING.

April i8, 1898.

Academy met with Vice-President Kemp in the chair, in

Schermerhorn Hall, Columbia University.

Minutes of the meeting for March were read and approved.

Letters of thanks from Professor J. P. Iddings and Erank P.

Adams, accepting the honor of being elected Corresponding

Members were read.

Having no further business, the Section of Geology and

Mineralogy then formed.

Richard E. Dodge,

Secretary.

SECTION OF GEOLOGY AND MINERALOGY.

April 18, 1898.

Professor Kemp in the chair. Thirty-five members present.

Professor Kemp made a few opening remarks and was fol-

lowed by Dr. A. A. Julien who read a paper entitled The
Elements of Strength and Weakness in Building Stones.

Dr. Julien called attention to the fact that in the testing of

building stones little consideration is given to the causes influ-

encing their various properties. In judging the resistance which

a stone shows towards weathering, care should be taken to rec-

ognize the character of the forces to which it has been sub-

jected. The strength of a stone bears no relation to its mineral

components, but is dependent on the shape and arrangement of

the mineral grains and the character of the cementing material.

In considering the strength of a stone four facts have to be kept

in mind, viz. : interlockment of the particles ; coherence, de-
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pendent on the character of the cement and adhesion of the

grains; rigidity and tension. The " quarry sap," Dr. JuHen be-

lieves, plays a more important role than has hitherto been rec-

ognized, as it probably carries much of the cement in solution

and deposits it only when the stone is exposed to the air. This

accounts for the hardening of the stones after being quarried.

A distinction should also be made between porosity due to

cavities between the grains and interstices in the individual min-

erals. The former is a source of weakness, the latter not, al-

though either may cause the rock to exhibit a high absorptive

capacity. All of these points, which have an important bearing

on the strength of building stones are best studied with the

microscope. The paper was illustrated by means of sections

thrown on the screen with a polarizing lantern. Discussion

was by Professor Kemp and Mrs. Dudley.

The second paper of the evening was by J. D. Irving on

CONTACT-METAMORPHISM OF THE PaLISADES DiABASE.

Mr. Irving referred to the work done by Professor Osann and

Andrae some years ago and stated that his results agreed with

theirs, but recent railroad excavations at Shadyside had enabled

him to obtain additional facts. The Diabase flow becomes

denser, finer grained and porphyritic towards the contact, with a

decrease of Hypersthene. In addition to zones found by Osann,

Mr. Irving found : i. A normal hornfels zone rich in Spinel.

2. A hornfels zone with brown basaltic hornblende layers.

3. Hornfels with an undeterminable isotropic mineral resemb-

ling Leucite. 4. Hornfels with Andalusite, gradually chang-

ing to Arkose farther from the contact. The Diabase is to be

considered as an intruded mass and not a surface flow. The
paper was discussed by Professors Kemp, Dodge, Dr. Hovey
and Mr. White.

Owing to the lateness of the hour the reading of the other

two papers on the programme was deferred until the next meet-

ing.

Academy adjourned at 10:15.

Heinrich Ries,

Secretary of Section.
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SUBSECTION OF ANTHROPOLOGY AND
PSYCHOLOGY.

April 25, 1898.

President Osborn in the chair.

After some discussion, the section asked the chair to appoint

a committee of four to confer with the council in reference to

the number of meetings to be held by the Section of Psychology

and Anthropology during the coming year. The committee

appointed consisted of Messrs. Bliss, Farrand, McLouth and

Boas.

The following papers were then presented :

J. D. Prince, Some Passamaouoddv Documents.

L. McWhood, A Method of Studvkxg the Motor Effects

OF Music.

After the papers Charles B. Bliss was elected Secretary of the

subsection for the coming year.

Charles B. Bliss,

Secretary of Section.

REGULAR PUBLIC LECTURE.

The third public lecture of the year was delivered Friday

evening, April 29, 1898, at the Mott Memorial Library, by

James Douglass, Esq., of New York, on the subject : Fifty

Years' Progress in Mining and Metallurgy in the United

States.

The lecture was copiously illustrated by lantern slides, and

was both descriptive and statistical. The changes in centers of

production and the improvements in furnaces were shown for

iron, copper and the precious metals. At the conclusion of the

lecture there was passed a vote of thanks to Mr. Douglass.

Forty members and friends were present.

Richard E. Dodge,

Secretary.
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STATED MEETING OF THE ACADEMY.

May 2, 1898.

Academy met at 8 P. M., Mott Memorial Library. President

Osborn in the chair. In the absence of the Secretary, Mr.

WilHam Hallock was appointed Secretary, pro teui. Minutes

of the last meeting were read and approved.

Members Elected.

The following candidates for election, approved by the Coun-

cil, were read by the Secretary who was authorized to cast one

ballot for them, which he did.

Dr. L. T. Chamberlin, 128 Fifth avenue.

Francisco G. P. Leao, 23 State street.

Charles E. Tripler, 121 West 89th street.

Amendments to By-Laws.

The following amendments to the by-laws recommended by

Mr. C. F. Cox, Mr. Wm. Hallock and Mr. Edmund B. Wilson,

a committee acting for the Council, were read and laid on the

table for one month, in accordance with the rules :

1. That Section 2 of Chapter I of the by-laws be repealed.

2. That a new section be added to Chapter I, entitled Sec-

tion 2, as follows :

*' Any Resident Member or Fellow, who shall resign because

of removal to a distance from the city of New York, may be re-

stored to Membership or Fellowship at any time upon his own
application, by a vote of the Council, and without payment of

initiation fee."

A series of letters of acceptance were read by the Secretary

from several of the new Corresponding Members.

Section of Astronomy and Physics then organized.

William Hallock,

Secretary, pro teni.
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SECTION OF BIOLOGY.

Meeting of May 9, 1898.

Professor Wilson in the chair, twenty-three persons present.

The following programme was offered :

1. C. L. Bristol, Measurements of a Large Lobster

Caught off Sandy Hook.

2. H. L. Clarke, Notes on Bermuda Echinoderms, pre-

sented by C. L. Bristol.

3. F. P. Keppel and G. N. Calkins, Report on the Hy-

droids Collected in Puget Sound.

4. E. B. Wilson, On the Structure of Protoplasm in the

Eggs of Echinoderms and Some Other Animals.

5. In addition to the above Professor Osborne reported on

some facts concerning a huge herbivorous Dinosaur, bringing

out in particular the discovery of some hitherto unknown char-

acters of the caudal vertebrae, and the peculiarly avian structure

of the posterior cervical and the anterior dorsal vertebrae.

Gary N. Calkins,

Secretary of Section.

SECTION OF GEOLOGY AND MINERALOGY.

May 16, 1898.

Professor Kemp in the chair. Ten persons present.

Minutes of the last meeting w^ere read and approved.

Mr. Geo. F. Kunz exhibited specimens of Quartz crystals in

massive Gypsum from Gallineo Springs, N. Mex., and announced

the discovery of a new meteorite from Ottawa, Kansas.

The first paper on the programme was by Professor D. S.

Martin on The Geology of Columbia, S. C, and its Vi-

cinity. Professor Martin described the granitic and gneissic

rocks of that region, and their residual products. He also com-

mented on the character of the Potomac, Lafayette and Colum-

bian formations which are well exposed in the railroad cuts

south of the city.
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The paper was discussed by Mr. Dodge and Dr. Ries.

The next paper of the evening was by Professor Kemp, en-

titled Some remarks on Titaniferous Magnetites. The
speaker discussed the formula of Ilmenite, and stated that it was

probably a mixture of FeO, Ti02, and n FeOg. The amount

of Titanium present in the titaniferous magnetites is very variable,

running sometimes as high as 405^ ; in the Adirondack ores it

running 10- 20/^.

Magnetic methods of separation for the elimination of the Ti-

tanium have not yet proved successful. Nearly all of the titanif-

erous magnetites show small amounts of MnO, Cr^O^, CoO, NiO,

V2O3 and MgO. The latter suggests the presence of Spinel. Si02

and AI2O3 have also been found, but Phosphorus and Sulphur

are rare. Professor Kemp suggested that the rarer constituents

might have some influence on the metallurgical behavior of the

ore. The native and foreign occurrences of these ores were

also alluded to.

Discussion of the paper was by Professor Martin, Dr. Ries

and Mr. Kunz.

Owing to Dr. Ries' removal to Cornell University, his resig-

nation as Secretary of Section was accepted, and Mr. Geo. F.

Kunz elected Secretary for the remainder of the year.

Meeting adjourned at 10 P. M.
Heinrich Ries,

Secretary of Section.

SECTION OF PHILOLOGY.

May 23, 1898.

The Section of Philology held its closing meeting for the

year 1897 and 1898 on Monday evening. May 23d. The at-

tendance numbered fifteen persons. Professor J. F. Kemp
opened the session and presented Professor L. A, McLouth,

the Chairman of the Section, who thereupon assumed the duties

of presiding officer for the coming year.

Professor T. R. Price brought forward a contribution in
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which he gave the results of his study of Shall and Will in

Living English Usage. Dr. Price's investigations were con-

fined to works that have appeared since 1850, in order to get

the results of present usage. He chose as typical writings (i)

a file of the London Spectator irom August, 1897, to January,

1898; (2) The Poems of Stephen Philips; (3) The Essay of

Henley on Robert Burns
; (4) The Poems of Matthew Arnold

;

(5) The Idyls of Tennyson that have appeared since 1850. He
presented only that part of his paper which dealt with the first

person; the second and third persons are reserved to be printed.

His results showed that shall^ should are the normal usage in the

first person
; / zuill and / would in best usage are regularly con-

fined to the idea of volition. The distinction seems to be quite

sharph' made in the best writers ; and the number of occur-

rences is equally balanced. Several of those present took part

in the discussion that followed.

The second paper of the evening was by Professor L. 'A.

McLouth, and was entitled, Notes on E. Joseph's Kuren-
BURG Theory. Dr. McLouth emphasized the strong points in

Joseph's monograph, but criticised the tendency which the

writer showed at times, it seemed, somewhat arbitrarily to re-

construct the text on the basis of a preconceived theory. Dr.

McLouth favored rather a more conservative method.

Shortly after ten o'clock the meeting adjourned.

A. V. Williams Jackson,

Sccrctaiy.

STATED MEETING.

June 6, 1898.

Academy met at 64 Madison avenue,Vice-President Britton in

the chair. Minutes of the last meeting were read and approv^ed.

The changes in the by-laws which were to be brought up for

adoption at this meeting were laid over until October, a legal

quorum not being present.
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After a notice by the Secretary about the meeting place for

next year, the Section of Astronomy and Physics organized.

Richard E. Dodge,

Secretary.

SECTION OF ASTRONOMY AND PHYSICS.

June 6, 1898.

Regular monthly meeting of the Section was held on Mon-
day, June 6th, at 8 P. M., the chairman, Dr. P. H. Dudley,

presiding. There were nine members and guests present.

The minutes of last meeting were read and approved.

Dr. P. H. Dudley read a paper on Strap Rails of the Mo-
hawk AND Hudson Railroad, and showed a specimen of the

rail, rolled in the year 1826.

After a {^w general questions and remarks, Dr. Dudley de-

scribed the improvement that has been made in the condition of

the track of the Boston and Albany Railroad, by the use of

heavy rails, especially on steep grades.

Professor D. S. Martin then read a paper entitled, Archeo-

LOGiCAL Notes near Columbia, S. C, and showed specimens

of curiously marked pieces of pottery found in that locality
;

also, a very interesting shell that had probably been used as a

drinking cup.

After brief discussion, the meeting adjourned at 9:25 P. M.

R. Gordon,

Secretary.

REGULAR BUSINESS MEETING.

October 3, 1898.

Academy met at 12 West 31st street, at 8 P. M., Vice-Presi-

dent Kemp in the chair. The minutes of the last meeting were

read and approved.

Proposed changes in the by-laws in reference to Correspond-
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ing and absent Members were referred back to the committee on

by-laws, on request of the Secretary.

Section of Astronomy and Physics then organized.

Richard E. Dodge,
' Secretary.

SECTION OF ASTRONOMY AND PHYSICS.

October 3, 1898.

Section met on Monday evening, October 3, 1898, at 8 P. M.,

Vice-President J. F. Kemp in the chair. There were eighteen

members and guests present.

The minutes of the meeting of June 6, were read and ap-

proved.

The Secretary then read a paper by Mr. P. H. Dudley on

Stremmatograph Records, giving some recent results obtained

with the instrument under locomotives, and entire trains. Brief

remarks were elicited by the paper, after which another by the

same author was read by the Secretary, entitled Oxydation of

Rails in Tunnels. After a few remarks on the subject, the

Section adjourned.

Reginald Gordon,

Secrctajy.

SECTION OF BIOLOGY.

October 10, 1898.

In absence of the chairman, Professor Wilson, Professor Os-

born presided. Twenty-four persons were present.

Professor Osborn referred to the loss sustained by the Acad-

emy, and the Biological Sciences in general, through the death

of Professor Baur, of Chicago, and of Dr. Arnold Graf, of New
York.

Following the usual custom the meeting was devoted to ac-

counts given by various members of their summer's work.
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Professor H. F. Osborn described the different museums which

he visited in Europe, giving a very brief account of the good and

bad points of each. At Stuttgart he saw a unique and unde-

scribed fossil Hyrax which Professor Fraas very generously gave

him the pleasure of describing. The description was presented

at the Meeting of the British Association in Cambridge.

Professor Osborn was followed by Professor N. L. Britton,

who gave a resume of the work accomplished during the sum-

mer on the building and grounds at the Botanic Garden in

Bronx Park.

Professor B. Dean reported on a few results on the embryol-

ogy of the Hag Fish, which he thinks is similar to that of the

sharks. He also described the appearance of a South American

Lung Fish (Protoptcriis) which was sent to him in a ball of dried

mud.

Dr. 0. S. Strong and Mr. H. E. Crampton reported briefly

on the nature of the work accomplished at the Marine Biolog-

ical Laboratory at Wood's Holl, bringing out particularly the

fact of the cordial relations between the investigators of the

Fish Commission and those of the laboratory.

Mr. N. R. Harrington related some interesting experiences

in connection with his expedition to the Nile valley in quest of

Polypieriis bisJiir. The expedition, which was made possible by

the generosity of Mr. Chas. H. Senff, was undertaken by Mr.

Harrington and Dr. Reid Hunt. As guests of the Egyptian

government they enjoyed unusual advantages in securing then-

ends, but only after repeated trials and discomforts and many
disappointments did they finally get the fish.

Other brief reports were made by Professor Lloyd (on the

botanic gardens of Germany), Dr. Brockway and Mr. Calkins.

At the suggestion of Professor Osborn and Dr. Dean a

series of nominations for corresponding membership was sent to

the Council.

Gary N. Calkins,

Secretary.
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REGULAR MEETING.

October 17, 1898.

Academy met at 8 P. M., Vice-President Kemp in the chair.

Twenty-five persons present. In the absence of the Secretary,

reading of the minutes was dispensed with.

Members Proposed.

The following nominations for new members were presented

for the Secretary by the chair :

Jacob M. Rich, 50 West 36th street; Ernest Foley, 108 East

62d street.

The nomination of Dr. Henry S. Washington, of Locust, N.

J., was made by Mr. George F. Kunz. These three names we:e

referred to the Council under the rules.

The following paper was read by title : Annotated Cata-

logue OF THE Family of MuricidtE North of the Isthmus of

Panama, by Frank C. Baker, Chicago.

Section of Geology and Mineralogy then organized.

Richard E. Dodge,

Secretary.

SECTION OF GEOLOGY AND MINERALOGY.

October 17, 1898.

Section met at 8 P. M., Professor Kemp in the chair, and

twenty-two members present.

The first paper, by Professor J. F. Kemp, on the Minerals

of the Copper Mines at Ducktown, Tenn., gave a brief his-

tory of the mines, and described some of the processes em-

ployed in treating the ores and the character of the rocks and

the associated minerals. The paper was illustrated with an ex-

tended series of lantern views of the mines and the works, and

with a suite of specimens. Professor Kemp referred particularly

to the extremely interesting crystals of Almandite Garnet which

he showed, in which the faces of the hexoctahedron are strik-
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ingly developed, giving 48-sided forms, sometimes with small

faces of the rhombic dodecahedron in addition. Zoisite also

occurs in fine terminated crystals, and Limonite of remarkable

iridescence.

The second paper, by Dr. Arthur Hollick, was entitled Notes

ON THE Glacial Phenomena of Staten Island, and embodied

the general results of several years of study and exploration by

himself and others. The author outlined the topography of the

island and the distribution of drift material upon it, and de-

scribed the transported contents of the drift with relation to their

sources. Most of the drift material is made up of the Triassic

sandstone and shale from the adjacent mainland, ground up by

the ice-sheet ; but the boulders are largely brought from afar.

They comprise material from all the fossiliferous beds of central

New York, from the Potsdam to the Hamilton, but there is a

great preponderance of Lower Helderberg and Schoharie grit.

The fossils are in many cases finely preserved, have been col-

lected in large quantities, very carefully studied and determined.

The question as to the route by which they have come, over

the hilly and almost mountainous regions lying between their

source and their resting place is one of much interest.

An extended discussion followed the reading of this paper.

Mr. van Ingen claimed that the course had probably been down
the Mohawk Valley to that of the Hudson and then down the

latter, rather than over the highlands of southern New York.

Professor Stevenson suggested that the transportation over this

long distance may have been due to repeated glacial movements,

each transporting over a moderate distance.

The next paper was by Mr. Francis C. Nicholas, on the

Sedimentary Formations of Northern South America, and

dealt with 2 }^rgc area of rittfe-expforecf country^ between the

Caribbean coast and the Northern Andes. It was illustrated by

a most extensive and carefully labeled series of rocks, ores and

minerals from many localities and horizons, to which it was im-

possible to do justice within the limits of the evening. Among
many interesting points described and illustrated with speci-

mens was the agency of sun's heat as a rock-disintegrator

;
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the changes of day and night temperature in high regions in

the tropics producing a fracturing of the superficial portions of

exposed rocks, comparable in result to the action of frost in

higher latitudes.

The last paper was by Mr. Geo. F. Kunz, upon A Meteoric

Stone that fell at Andover, Maine, on August 5, 1898,

with exhibition of the stone, or rather about half of it. The

fall took place early in the morning of a cloudy and threatening-

day, so that the sound made by the meteor, which was heard

for many miles around, was generally supposed to be thunder.

A dark cloudy trail, like a dense smoke, followed and marked

the path of the body through the air. Its course was from the

north, southward, and in coming down it tore its way through

a group of large trees, struck a heavy stone in a wall near the

ground and buried itself in the earth. Here it was found two

days later, by that time entirely cooled. The specimen is a

typical stony meteorite, with a thin black crust on the outside,

and of a bright pale gray on the broken surface, with very little

iron. It weighs about 7 pounds, and its description will appear,

latei

.

j^ T-> T7-
Geo. r. Kunz,

Secretary.

REGULAR MEETING.

October 24, 1898.

Academy met with President Osborn in the chair. Read-

ing of the minutes was dispensed with.

Members Proposed.

The following nominations for Resident Membership were read

by the Secretary and referred to the Council under the rules :

Maturin L. Delafield, Jr., 56 Liberty street.

R. Ellsworth Call, 201 Lenox avenue, Flatbush, Brooklj^n.

After a notice from the President in reference to the forth-

coming meeting of the American Society of Naturalists, the

Section of Psychology and Anthropology organized.

Richard E. Dodge,

Secretary.
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SECTION OF ANTHROPOLOGY AND PSYCHOLOGY.

October 24, 1898.

At the close of the regular meeting of the Academy, the Sec-

tion of Anthropology and Psychology organized by appointing

Professor Osborn Chairman pro tcni.

Professor J. McKeen Cattell presented a paper entitled

Some Anthropological Tests and Measurements, showing

two new instruments. Reports of summer field work in an-

thropology were then made by Dr. Livingston Farrand and

Mr. Harlan I. Smith, who spoke of their work on the northwest

coast, and by Dr. H. M. Saville and Dr. Carl Lumholtz, who
gave an account of explorations in Mexico.

Charles B. Bllss,

Secretary.

PUBLIC LECTURE.

October 31, 1898.

The first public lecture of the season of 1 898-99 was given by

Professor George W. Blodgett, of the Boston and Albany

Railroad, on Railway Signalling, Past and Present. The

lecture was under the auspices of the Section of Astronomy

and Physics.

The lecturer was introduced by the Chairman, Mr. P. H.

Dudley, who gave a brief summary of railway progress within

the last few years.

Professor Blodgett spoke simply and very interestingly for an

hour and a-half, sketching the various systems of railway signals

in use on the more important railroads, and illustrating his re-

marks with an extensive series of well-chosen lantern slides.

The lecture was free from technicalities, and very pleasing.

About sixty guests were present, and at the close of the lec-

ture a vote of thanks was unanimously extended to Professor

Blodgett. -P, T- TA^ Richard E. Dodge,

Secretary.
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REGULAR MEETING.

November 7, 1898.

Academy met with Mr. P. H. Dudley presiding.

There not being a quorum present, the business meeting was

postponed to Monday, November 14th.

Richard E. Dodge,

Secretary.

SECTION OF ASTRONOMY AND PHYSICS.

November 7, 1898.

Stated meeting, Monday, November 7, 1898, Dr. P. H. Dud-

ley presiding. Eight members present.

Professor J. K. Rees read a paper on Variation of Lati-

tude AND the Constant of Aberration. In this he ex-

plained the scope of the work that had been done in this direc-

tion at Columbia University during the years 1894-98, gave a

summary of the results, and stated that in future these observa-

tions would be carried on chiefly at Government observatories.

Accompanying the paper were plotted curves to show the dis-

placement of the earth's axis from time to time, based upon

these observations.

The Section then adjourned. R. Gordon,

Secretary.

ADJOURNED BUSINESS MEETING.

November 14, 1898.

Academy met at 8 P. M., President Osborn in the chair.

Reading of the minutes of the previous meeting was dispensed

with.

Members Elected.

The following names for membership were reported from the

Council, and the Secretary was instructed to cast one ballot for

the list, and they were thereby elected.

Annals N. Y, Acad. Sci., XI, January 19, 1899—32.
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M. L. Delafield, Jr., 56 Liberty street. Life Member.

Ernest Foley, 108 East 626. street.

Dr. H, S. Washington, Locust, N. J.

Jacob M. Rich, 50 West 38th street.

R. Ellsworth Call, 279 Winthrop street, Flatbush, Brooklyn.

Members Proposed.

The following nominations for membership were made and

referred to the Council :

Rev. A. B. Kendig, ^6 Vernon street, Brookline, Mass.

Daniel C. Beard, 204 Amity street. Flushing, L. L

B. Talbot B. Hyde, 82 Washington street. Life Member.

J. D. Irving, Columbia L^niversity.

Professor Graham Lusk, New York University Hospital and

Medical College.

Marshall A. Howe, Columbia University.

Dr. L. H. Renter, Merck Building, New York City.

Mason A. Stone, 20 East 66th street.

M. H. Beers, 408-410 Broadway.

Dr. Ivan Sickels, 17 Lexington avenue.

Alfred Douglas, 170 West 59th street.

Dr. Max Meyer, 159 West 103d street.

William L. Mason, 170 Fifth avenue.

William Wicke, First avenue and 31st street.

Edward R. Hewitt, 119 East i8th street.

Professor Charles H. Judd, New York University.

A series of proposed by-laws, presented by the Council, were

read by the Secretary, and laid on the table until the next

business meeting, according to the rules.

Richard E. Dodge,

Secretary.

SECTION OF BIOLOGY.

Meeting of November 14, 1898.

Sixteen persons present.

The resignation of Professor E. B. Wilson was read and ac-
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cepted by the section. Professor Frederick S. Lee was unani-

mously elected chairman of the section.

The following programme was then presented :

1. H. F. Osborn. On the Presence of a Frontal Horn
IN ACERATHERIUM InCISIVUM KaUP.

2. H. F. Osborn. On Some Additional Characters of

DlPLODOCUS.

3. W. D. Matthew. On Some New Characters of Cl/E-

NODON AND OxV.ENA.

4. W. E. Ritter. On the Ascidians Collected by the

Columbia University Puget Sound Expedition of 1896.

Presented by Dr. Dean.

5. J. P. McMurrick. Report on the Hexactinle of the

Same Expedition. Presented by Dr. Calkins.

Professor Osborn described the appearance of an hitherto un-

recognized frontal horn on the skulls of AceratJierumi inciskmin

Kaup ; a discovery of great importance as it practically removes

AceratJieriiun from the group to which it gives its name and

ranges it with the rhinoceroses. Professor Osborn suggested

that it may possibly be an ancestor of Elasmotheritim.

In discussing the paper Dr. Wortman criticised the common
tendency to create types based an a single character, citing in

support of his suggestion the considerable variations to which

single individuals of a species are subject, and giving one or two

instances where errors have occurred.

In his second paper Professor Osborn described the structure

of the vertebrae of Diplodoais^ bringing out in considerable de-

tail the variations in the sacrum of the herbivorous Dinosaurs.

Dr. Matthew briefly described the characters of the teeth,

manus and pes of ClcEnodon^ a form belonging to one of the

three families, Arctocyonidae, which gave rise to the present-day

Carnivora. The structure of the wrist bones in particular brings

this form almost within the limits of the Carnivora and Dr. Mat-

thew regards it as a primitive bear which lived on fruits, honey

or other soft foods.

Oxycena another typical Creodont, was also described by

Dr. Matthew, the principal points brought out being the dispro-

portion of the brain case, limbs and low^er jaws.
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In the discussion which followed, Professor Osborn showed

that while Clcenodon undoubtedly possesses many precocious

bear-like structures there are many difficulties to be pushed aside

before it can be considered the direct ancestor of the bear. There

are transitional forms for example between dogs and bears, as

shown in certain types of teeth (Ampliicyoii)^ while on the other

hand there is a marked difference in the size of the brain of the

Arctocyonidae and that of the bears ; the brain of the former re-

sembling more closely the brain of the marsupials. If the Am-
phicyon evidence is of a sufficient phylogenetic value the bear

line must have arisen much later than Dr. Matthew believes.

Dr. Lee also questioned the advisability of ascribing particular

functions to specialized structures, a criticism which Dr. Mat-

thew met by saying that in this case the relation of structure to

function was in the nature only of an hypothesis ; an explanation

supplemented by Professor Osborn's statement that in all such

cases it is necessary to have some working hypothesis, although

each hypothesis is considered merely tentative.

At the request of Dr. Dean, Mr. Richard Weil was asked to

give the main results of his observations on the Development

OF THE OssicuLA AuDiTus IN THE Opossum. Mr. Weil finds that

both the malleus and incus are derived from the mandibular arch

and have no connection with the hypidean, thus confirming the

older German view.

The other papers on the programme presented by Dr. Dean

and Dr. Calkins were strictly technical and received only brief

mention.

Gary N. Calkins,

Secretary.

REGULAR MEETING.

November 21, 1898.

Academy met with Vice-President Kemp in the chair.

Reading of the minutes was dispensed with.
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Members Proposed.

The following nominations were read and referred to the

Council :

Fred W. Franklin, 700 West End avenue.

John I. D. Bristol, i Madison avenue.

Rudolph Keppler, 28 West 70th street.

Academy adjourned.

Richard E. Dodge,

Secretary.

SECTION OF GEOLOGY AND MINERALOGY.

November 21, 1898.

Section met at 8 P. M., the Chairman, Professor Kemp pre-

siding. Minutes of last meeting were read and approved.

The first paper of the evening was by Dr. J. H. Pratt, State

Mineralogist of North Carolina, on the Occurrenxe, Origin

AND Chemical Composition of Chromite. An abstract follows.

Chromite has only been found in the peridotites and allied

basic magnesian rocks and in the alteration products of these

rocks. The mineral occurs in grains or crystals and in im-

bedded masses near the boundary of lenticular masses of peri-

dotite that have been shown to be of igneous origin. The

chromite occurs in the fresh as well as in the altered peridotite.

The theory advanced by the author for the origin of the

chromite is that the mineral was held in solution by the molten

mass of peridotite and crystallized out from the molten magma
as this began to cool.

The fused mass of rock would hold the different minerals in

solution, and as this began to cool, the minerals would separate

out, not according to their fusibility but according to their solu-

bility in the fused magma. The more basic minerals being the

more insoluble would be the first to separate out and in the

present case would be the minerals chromite, spinel and corun-

dum. This crystallizing or solidifying out from the molten

magma would take place first on its outer boundaries, for here
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it would cool first. Convection currents would tend to bring

new supplies of material to the outer zone where the chromic

oxide would be deposited as chromite.

This theory would account for all the vagaries of chromite

deposits, their pockety nature ; the shooting off of apophyses

from the main masses of the chromite into the peridotite, the

widening and pinching of the chromite lodes
; and the appar-

ently non relation or connection of one pocket of chromite with

another. The masses of chromite that are found in the midst

of a peridotite formation, which at the present time are isolated

and have no connection with each other, were at the time of

their formation part of the chromite concentrated near the bor-

der of the peridotite.

In mining for either chromite or corundum it is in that deposit

found near the contact of the peridotite with the gneiss that a

large deposit of either of these minerals would be expected to

be found.

Chemical Composition. —Yrova an examination of the analysis

of chromite it is shown that a nearly pure chromite, with the

composition FeOAO, is rarely found in nature. With the ex-

ception of three, in all the chromite analyses examined, alumina

and magnesia were invariably present, and this would seem to

indicate that the molecule of the mineral now called chromite is

not pure FeOAO, but is a combination of the three isomorphous

molecules; FeOA203 ; MgOAp3 ; and MgOAl,03. The

ratio of the FeOAp3 to the MgOA203 or MgOAl,03 is gen-

erally 8 to lo : I.

An analysis of a chromite from Webster, Jackson Co., N.

C, gave as A2O3 — 95^0 ; AI2O3 — 29.28^0 ; FeO — 13.90, and

MgO — 17.31. This gave for the formula of the chromite,

ratio of the molecule MgOA.,03 observed in any of the chromite

examined.

It was noticed that the magnesia usually varied with the

alumina, those rich in alumina being correspondingly rich in

magnesia.

The second paper was by Professor D. S. Martin, entitled

Notes from the Semi-Centennial Meeting of A. A. A. S.
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Dr. Martin summarized the more important papers in geology

given at the 1898 meeting of the Association, and particularly

the papers devoted to glacial phenomena.

Section adjourned at 9:45.
G. F. KuNz,

Secretarj'.

SECTION OF ANTHROPOLOGY AND PSYCHOLOGY.

November 28, 1898.

Section met at 8 P. M., with President Osborn and the Sec-

retary in charge of the meeting.

The following paper was read by title : A Paleozoic Ter-

RANE Beneath the Cambrian, by Geo. F. Matthew, of St.

John, N. B.

The first paper of the evening was by Dr. Geo. V. N. Dear-

born, entitled, The Emotion of Joy. Brief summary of a

monograph in experimental and descriptive physiological psy-

chology. " Somewhat in proportion to its pleasantness, an

emotional extramotion of * expression ' consists in general ex-

pansiveness and outwardly in contraction of the extensor mus-

cles ; this is, in particular, true of the smile and laugh of joy,

the muscles concerned in which, from the early foetal cervical

flexion are properly of the extensor sort." Four series of ex-

periments (nearly 3,500 in number), on the hands, head, arm,

and leg, prove the correlation between pleasantness and organic

sensation. The regular occurrence of habitual inhibitions, due

to the complex conditions of civilized social development, sup-

plies the apparent deficiency of the kina^sthetic theory in case

of the emotions of man. Human " emotions " are not so in

the biologic sense, but rather concrete expressions of the affec-

tive social consciousness at present quite indefinite.

The second paper of the evening was by Mr. E. G. Dexter,

entitled The Influence of the Weather on Mental Activ-

ities OF Children, and was devoted to the particular study of

the apparent influence of the weather on the children of Den-
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ver, Col., as shown by the study of some 600 cases of punish-

ment inflicted upon children during a period of years. It was

illustrated by diagrams, and created considerable discussion.

The third paper was by Mr. Stansbury Hagar, entitled

The Water Burial. Mr, Hagar paid particular attention

to the evidences of water burial as seen among the Micmac In-

dians, and gave a brief survey of similar customs in all parts of

the world, present and past.

The last paper was by Mr. A. Kroeber, entitled Remarks
ox the Eskimos of the Cumberland Sound. In this paper

Mr. Kroeber compared certain tales of the Eskimos of Cum-
berland Sound with those of other Eskimos, and paid particular

attention to two or three tales which were of unusual interest

because of their variations from the ordinary myths as hitherto

known among the Eskimos.

Section adjourned at 10 P. M.
Richard E. Dodge,

Secretary.

SUBSECTION OF PHILOLOGY.

November 28, 1898.

The meeting was called to order at 8:30 P. M., by the Chair-

man, Professor McLouth.

The first paper was by Professor C. L. Speranza, entitled

Machiavelli. Machiavellism in the odious sense generally

attributed to the word, is misleading and does great injustice to

Machiavelli. It originated in the fact that no notice was taken

of the great man's works except the one " Del Principe," which,

moreover, was misunderstood and judged from the standpoint

of morals instead of that of logic and science, as it ought. The

great aim of the booklet, namely, the formation of a great Italian

state, founded on the universal consent of the people, finding its

legitimacy within itself, independent, autonomous, and defended

not by mercenary soldiers, but by its own citizens, was lost sight

of All importance was attached to what immoral means the
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author, prompted by experience, proposed as best fitted to ob-

tain that aim ; and none whatever was given to the sound and,

in some capital respects, original theory set down by him, ac-

cording to which the ruler of a state must act exclusively as the

representative of that state, propose to himself no other object

than the good of it, ascertain the best means to accomplish it, and

apply these means intelligently and resolutely. While Machia-

velli was convinced that the task of forming a great Italian state

capable of preserving its independence could be carried out

only by one man, and not by a republic, he was also convinced

that it was for the people to consolidate and make fruitful the

work performed by the one man. But the coiner of the word

Machiavellism took no notice of this ; he ignored absolutely

Machiavelli's '* Discors," by which he taught the people how
to govern themselves, and in which he devised the program of

democratic government which is entirely modern. Nor was any

notice taken of the other fact that Machiavelli proclaimed the

necessity of an international code regulating the conduct and

results of war, as well as other mutual relations between states
;

or of the foundation laid by him upon which the philosophy of

history has in modern times been built ; or of the thoroughly

experimental method by which he arrived at his conclusions ; or

the blow inflicted by him upon the artificial literary form of his

days, ^nd the inauguration of the ordinary, direct, natural way
of discourse. In fact, Machiavellism, in its generally accepted

significance, represents what in Machiavelli's system was merely

transitory and dependent upon circumstances of place and time,

instead of representing what was original, characteristic and of

permanent value.

The second paper was by Professor A. Cohn, entitled

Some Reforms in French Spelling. The needed reforms

in French spelling are those that consist in introducing more

uniformity, and correcting mistakes that have crept in through

misapprehension. In the word legs (legacy), for instance, the

g was introduced, in the sixteenth century, by grammarians

who thought this word came from the verb leguer, while it really

comes from laisser (to leave), a good reason for not pronouncing

the^.
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The most important reform needed is the substitution of 5 for

X in the plural, words like cJiapcaitx, and in masculine adjectives

like genereiix, and, in general, at the end of all words where ux

is preceded by a vowel. The presence of the x in these words

is the result of a misapprehension
; in old French texts the letter

X is there for lis, as shown by the interchangeable spellings in

the same texts (for instance, biax, biaiis are both found in

Aiicassin et Nicolette). We see thus that in the spelling diciix,

the letter ii is really twice represented. The advantage of spell-

ing, in the plural dieus, chapcmis, and, in a whole class of adjec-

tives, gcncrcus, odietis, etc., is evident. Besides being a correc-

tion, it would simplify greatly the rules for the formation of the

plural of nouns and adjectives, and of the feminine of adjectives,

as well as the rules of pronunciation. The rule for the forma-

tion of the plural of nouns and adjectives in an, cu, on, would

then simply be the general rule : add an s to the singular. The
rule for the formation of the feminine of adjectives X^^ gaicrciis,

etc., would also be the general rule : add a mute c to the mas-

culine.

Also why spell nez (nose) with .s? This word comes from

the Latin nasiim, and in old French texts z stands for ts. Ety-

mology would rather require to spell nez (Lat. natos) and iics

(Lat. nasiivi), but, of course, no one thinks of substituting )icz

for ncs in the participle.

Silent penultimate letters like / in corps, temps, might be

dropped, and one might also spell clianbre instead of chambre^

substituting n for in before b and p, a spelling that would bring

more uniformity in the representation of nasal sounds. The
Latin origin of these words would be just as clear to scholars

as before.

None of these reforms, however, ought to be considered

necessary, except the substitution of s for x, as above outlined.

This last ought to be introduced at once, for the present spell-

ing is perfectly absurd. This paper was discussed by Professor

Jackson.

Professor E. G. Sihler then read the third paper, on The
Main Lines of Cicero's Political Judgments. Dr. Sihler
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was led to comment upon Mommsen's attitude toward Cicero

and he endeavored to show from history and from Cicero's

writings that the Roman orator's judgments of Caesar were abso-

lutely fair. Professor Sihler went on to show that Cicero ac-

tually had a definite policy, that he put himself on the conserv-

ative side as opposed to the tribunal or democratic party, and

that such were his ideals and such the true convictions that he

lived up to in his career. The paper was discussed by Professor

Cohn.

The subsection then adjourned.

A. V. Williams-Jackson,

Secretary.

REGULAR BUSINESS MEETING.

December 5, 1898.

Academy met at 8 P. M., President Osborn in the chair.

Minutes of the last meeting were read and approved.

The following list of nominations were submitted from the

Council, recommended for election as resident members, and

the Secretary was authorized to cast a ballot for the list and

they were thereby elected :

Resident Members Elected.

Rev. A. B. Kendig, 86 Vernon street, Brookline, Mass.

Daniel C. Beard, 204 Amity street. Flushing, L. I.

B. Talbot B. Hyde, 82 Washington street. Life member.

J. D. Irving, Columbia University.

Graham Lusk, New York University Hospital and Medical

College.

Marshall A. Howe, Columbia University.

Dr. L. H. Reuter, Merck Building, New York City.

Mason A. Stone, 20 East 66th street.

M. H. Beers, 408-410 Broadway.

Dr. Ivan Sickles, 17 Lexington avenue.

Alfred Douglas, 170 West 59th street.
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Dr. Max Meyer, 159 West 103d street.

William L. Mason, 170 Fifth avenue.

William Wicke, First avenue and 31st street.

Edward R. Hewitt, 119 East i8th street.

Charles H. Judd, New York University.

Fred W. Franklin, 700 West End avenue.

John I. D. Bristol, i Madison avenue.

Rudolph Keppler, 28 West 70th street. Life member.

The proposed by-laws, submitted to the Academy for adop-

tion, were adopted with two slight amendments, and will appear

printed in Annals, Vol. XII, No. i.

After certain announcements by the Secretary in reference to

new plans, the Academy adjourned.

Richard E. Dodge,

Secretary.

SECTION OF ASTRONOMY AND PHYSICS.

December 5, 1898.

The meeting was called to order at 8:15 P. M. by the Chair-

man, Mr. P. H. Dudley; 24 members and guests being present.

The minutes of the last meeting were read and approved.

Mr. Wallace Goold Levison presented a paper A System

OF Classification of the Fluorescent and Phosphorescent

Substances, in which he classified as phosphorescent all those

substances that give out rays of shorter wave-length than that

of the rays they have previously received ; and as fluorescent,

all those substances that give out rays of greater wave-length

than those they hav^e received. The system was amplified by

an arrangement of substances under headings with reference to

the circumstances under which they phosphoresced or fluo-

resced. The classification was very clearly shown by lantern

slides of charts on which all phosphorescent and fluorescent

substances were set dow^i, and in addition, remarks about their

behavior under various circumstances. This classification has

required much labor for its preparation, and at the conclusion
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of the paper the members of the Section expressed their appre-

ciation of it in a few remarks, with especial reference to the

logical arrangement of the subject-matter.

There being no further business, the Section adjourned at

9:50 P. M.
R. Gordon,

Secretary.

SECTION OF BIOLOGY.

December 12, 1898.

Thirty-one persons present, Professsor Lee in the chair. The

following programme was offered :

1. F. S. Lee. The Course of Muscle Fatigue.

2. W. K. Brooks. The Embryology of Lucifer.

3. F. E. Lloyd. Studies in the Embryology of the Ru-

BIACE.E.

4. N. R. Harrington and Edward Learning. The Reac-

tion OF Amceba to Light of Different Colors.

Professor Lee showed that in the different types of animals

studied by him in determining the course of muscle fatigue, the

height of the curve, which represents the lifting power, becomes

less and less in all cases. The reduction in height of the curve

is accompanied in the case of muscles from the frog and turtle,

by a concomitant increase of the duration of relaxation. The
duration of contraction is also increased slightly in the frog and

greatly in the turtle. In the cat neither of these secondary

phenomena is represented, the height of the curve, or the lifting

power, alone varying. The experiments show that the diminu-

tion of the latter phenomenon is the essential element in fatigue.

Professor Brooks gave a brief review of his interesting obser-

vations on the development of Lucifer bringing out in particular

the essential features of cleavage and gastrulation which dis-

tinguish this decapod from most of its allies.

In the discussion which followed the paper it was shown by

Professor Brooks that his results on the unusual mode of
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cleavage of this form throw no Hght upon its phylogenetic

position or upon that of its allies.

Professor Brooks' paper was accompanied by a demonstra-

tion of three microscopic preparations.

Professor Lloyd showed that in a number of genera of Rubi-

aceae studied by him the embryo-sac is divided into two regions
;

an upper region in which the pro-embryo is developed, and a

lower part containing numerous nuclei of uncertain origin.

The suspensor of the pro-embryo develops branches which act

as haustoria, taking food from the endosperm. The latter in

turn takes its food from the integument by means of cells spec-

ialized for food absorption.

Dr. Learning showed that light of different colors acts

strongly upon the activities of Amoeba proteiis. Certain colors

(red, orange, yellow and green) accelerate the protoplasmic

flow, while other colors (white, violet and blue) retard it. The
apparatus was fully described and the experiments were re-

peated in part, before the Section.

Gary N. Calkins,

Secretary.

SECTION OF GEOLOGY AND MINERALOGY.

December 19, 1898.

Section met with Professor J. F. Kemp in the chair. Twelve

persons present.

A paper was read by Mr. Henry S. Washington, on The
Igneous Rocks of Essex County, Mass. The rocks were de-

scribed in some detail, and shown to be mainly Granites, Quartz-

Syenites corresponding to the Akerites and Nordmarkites of

Brogger
;
Quartz-Diorites and Diorites, with smaller areas of

Nepheline-Syenite, Syenite, Essexite and Gabbro. These are

cut by numerous dykes of various kinds, including Aplites,

Granite-Porphyries, Paisanites, Solvbergites, Tinguaites, and

many basic dykes, most of which are of Diabase, but some of

camptonitic rocks. There are also extensive flows of Rhyolite,
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accompanied by ash beds and breccias. Twenty-two analyses

of the various types were given.

The character of the region as a petrographical province was

discussed at some length. Chemically it was shown to be rich in

alkalies, especially Soda, low in Lime and very low in Magnesia,

and rather acid. The low Magnesia was commented on, and the

occurrence noted of many minerals in these rocks as varieties

poor in this oxide which are usually rich in it, as Lepidomelane,

Fayalite and Glaucophane. The usually high ratio of FeO to

Fe20.^ was discussed and it was pointed out that in most of the

rocks FeO is extremely high, replacing MgO, while in the

foyaitic group it is much lower. Iron oxides tend to vary with

soda. Soda is constantly higher than Potash, but the molecular

ratio varies a great deal, being about i.io in the granitic rocks,

higher in the foyaitic group, and very high in the basic, the

ratio in nearly every case approximating to whole numbers.

This differentiation of Na.,0 was commented on and its impor-

tance pointed out.

Comparisons were instituted with other regions and the great

resembance to the rocks of southern Norway were described. It

was shown that probably the chemical composition of the magma
as a whole approaches that of a Nordmarkite, and that it is rather

acid, as in Norway. The relations of the rocks of Essex county

to those of the other alkali-rich regions of the Atlantic slope were

also discussed.

The paper was discussed by Professor Kemp and others.

A. A. JULIEN,

Secretary pro tern.
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Algonkin Indians 369-70, 377
AlpheidcB, Bate 246
Alpheus edzvardsii, etc 246, 249-5 ^

Amboy clay series of Block Island.. 56
Amer. Psych. Assoc, report of

meeting 450
Ai7iceha proteus, 389-90, 400

Reaction of, to colored light.... 499
Amphibia ; Coalescence of embryos 219

Skin-glands of, 298, 302, 330-I
Poison-glands of 331

Atnphipoda ; Northrop Coll., 254;
of Paget Sd 261, 265

Amphiporus ; of N. Pacific, 196;
Puget Sd 210-14

Afnphithoe, of Puget Sd.,

261, 271 273, 290
Amphitrite ; Ancestral Reminis-
cence 24
Rudimentary cells, 6, 12; ves-

tigal cells 2

Anal glands 33I
ANCESTRAI, RENIMISCENCE ; CON-
SIDERATIONS ON CELL-LINEAGE
AND, Wilson I

(501)
Annals N. Y. Acad. Sci., XI, March 14, 1899—33

Archaeology of Block Id 70
Archenteron, formation of 6

Archoplasm, of Protozoa 394
Argeia, sp., of Puget Sd 261, 281

Arguhis foliacens ; glands of. 33

1

Aricia ; Ancestral Reminiscence,

etc 3-6, 10-26

Arrochar, Staten Id., Cretaceous

of. 416, 419-20
Artiodadyla ; Bronchial System

of 129, 138
Asclepias pulchra Ehrh., of Block

Id 65
Asia; Pacific Nemerteans of. 191
Asterias atlantica and temiispina

Lamk 408-9, 41

1

Asteroids of Bermuda 407, 411
Astrology and Astronomy 177
Astronomy; sketch of history 177-9
Athanas ortnianni, n. sp 251
Atropine ; action of, and pilocar-

pine, 296, 298, 301, 317, 320, 339, 349
Atlantic; Asterias oi Y.2i'&\.&cx^ 408

Twenty-foot contour of coast,

Plate 88
Atylidce, of Puget Sd 268
Auchenia ; Bronchial System of,

129, 139, 140, 162

Bacteria, nucleus of 382
Badger, Amer.; bronchial tree of. .132-3
Bahamas ; The Northrop col-
lection OF CRUSTACEA FROM,
Rankin 225

Bailey, W. W.; ref 63-4, 66
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Balanidic, Darwin; of Bahamas.. 254
Balfour, W. B. Cor. Mem 461
Ball's Point, Block Id., Paleobot-

any of 57, 60-1, 84
Ballast ; destruction of by, trains... 89
Balccna, bronchial tree of. 129, 135
Baptisia ; absence of bronchial tree

in 66
Barfurth, ref 364
Bate ; Spence, ref 240-1,

244, 246, 250, 252, 264-8, 270, 273-4
Battery Resistance, measurement of 469
Baur, G. Cor. ]Mem 461
Bayliss ; ref., 299; and Hill; ref 364
Beard, D. C. Res. Mem 495
Benedict and Rathbun, ref. 230
Beers, ^I. H. Res. ISIem 495
Beringer's pseudo-fossils, Kemp... 449
Berkely, John, ref 364
Bermuda ; notes on' echino-
DERMS OF, Clark 407

Bernard, Claude, ref 295
Bessemer steel process 182

Biondi-Ehrlich mixture 387
Birds, oil glands of, 331 ; of Block

Id., 71-2; DESTRUCTION OF, IN

THE U. S., Hornaday, 464;
DISTRIBUTION OF, IN VeRA CrUZ,
Chapman 447

Birt, Th.,ref 441
Black Rock Pt., Block Id., Paleo-

botany of 5 6-62

Blake, j. A. Res. Mem 462
BlaSTOIDS AND CRINOIDS ; De -

VONIAN; DESCRIPTION OF, FROM
Milwaukee, Wis.; Weller 117

Blochmann, ref 364
Block Island ; notes on ; Rol-

lick, 55-62 ; further notes on
Geol. and Bot.

, 448 ; Geol. Hist.,

68-9 ; Physiog and Flora, 64 ;

Cretaceous of, 416; ]Maps 74, 88
Blockmann ; ref 394
Boas and Zimmermann ; ref. note 145
Bonite ; ref d 230
Bopyridce, of Puget Soun 274

Bopyrina virbii 278
Borlasia, of Puget Sound 198
Born; ref. 219
Boston and A*lbany R. R. ; rail

tests on 90, 95. 105
Botallian duct, in pulmonary circu

lation 145
Botany; economic value of 186

Of Block Id 63-7
Boveri ; ref 394
Boyd, T-, Res. Mem 451
Bowditch ; ref 360

Brac/iyura, of Puget Sd 227, 230, 262
Bradypiis ; Bronchial tree of. 129
Brandt; ref 267
Brant; ref 376
Brauer, A.; ref. 392, 395, 397
Bremerton; Lineus, ceribj'atulus 2X 215
Brinton ; ref Vl^l
Brissiis unicolor Kl., of Bermuda.. 413
Bristol, J. T. 1)., Res. iSIem 496
Bristol ; ref. 407-9
British Geol. Survey; basis of 184

Sessile-eyed Crustacea 280
Columbia ; Recent Archaeol.

Investigation in 450
Bronchial System of Mammalia

;

The Eparterial, Huntington 127
Symmetrical series of types,

142; Plate 144
Aeby's classification of B. Tree 1 29

Brooks, W. K., Hon. Mem 460
Brooks, \A^. K.; The Embryology

of Lucifer 497
ref 253

Brown, A. S., Res. Mem 451
Brown; ref 339
Brown-Sequard ; ref. 365
Brunton

;
quoted 351

Bruce, C. W., Life Mem 468
Budde-Lund ; ref. 282
Bud-scales of Pinus 47
Building Stones, Elements of
Strength and Weakness, in

Julian 471
Bull Pine, Hypertrophied Scale-

leaves in 45

Burger, O.; ref.

197' 199, 201, 205, 207, 215, 217
Burnett, D., Res. Mem 468

Butschli, O.; ref. 382-3, 390. 393-4, 397
By-Laws, Amendments to 451, 474

Cajal; ref 364
Calbuco, Chili ; Emplectoiiema of.. 209
Calkins, Gary N. The Phylo-
genetic Significance or Cer-
tain Protozoan Nuclei 379
The Origin of Protozoan

Nuclei 470
and Keppel, Report on Pu-
get Sd. Hydroids 475

Call, R. E. Res. Mem 486
Callaway Co., Mo. JSIelocriniis gre-

geri from II9
Calliajiassa californiensis Dana... 261

and gigcis Dana 260
CaUinectes larvattis and itimidiis,

Ordway 232
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Callosamia protnethea ; Grafting of 219
Caiman, W. T., Ox a Collec-
tion OF Crustacea from Puget
Sound 259

Cajicer ganwianis galba, Montague 265
axid producius, Randall 259, 262

Cancrion inisc)\ of Puget Sd 279-80
Canis ; Bronchial Tree of 135-8, 156
Capucin Monkey; Bronchial Tree of 140-

1

Cardiac bronchus ; Division of 144
Cardisoma giuDihiimi (Latreille), 228
Grr^jf, of Block Id 66
Caj'ineUa, 198-9 ; superba (Kolli-

ker^, 201-2 ; anmdata, 202-3;
nibicunda, 203; rubra n. sp.,

polyviorpha, miniata Hubrecht,

203 ; and sexlineatan. sp 201
Carinoma; of Puget Sd 197, 199
patagonica, 200, 204 ; arnianda,

200, 206, miitabilis n. sp., 204,
2o5 ; inutabilis argiUitia n. var.

,

205 ; viiitahilis vasculosa n. var. 206
Carniz'ora ; Bronchial tree of. I29
Carp- louse ; Glands of 331
Carruthers, W. Cor. Mem 461
Cat; Secretion Physiology of. 89, 303
^ ^-4, 309. 317-18, 322, 327, 349, 350
Catalogue, Exhibits, N. Y. Acad.

Sci Appendix
Cattell, J. McK., Some Anthro-

MORi'Hic Tests and Measures. 484
Cayuga Indians 376
Cebus capticinus; Bronchial tree of

140, 164, 170
niger ; do 141, 168, 170

Cecrops Latrellei, Leach 261

Celastrtis Arctica, Heer, of Block
Island 60, 78

Cell Lineage ; Considerations
ON, AND Ancestral Reminis-
cence, Wilson I

Cenobiia diogenes ( Latreille ). 238
Centrodesmits ; origin of 394
Cephalo7iei)ia, of N. Pacific 196
Cephalopods, cleavage in, 24 ; sal-

ivary glands of 331
Cepon, of Puget Sd 280
CeratitiDi tripos^ 390 ; fiisctis 400
Cerebratulus oi 'S . Pacific 196

viarginatus Reiner and sp 215
Cervical sympathetic nerve 295
Cctacea ; Bronchial tree of 127
ChcDiia teres ; nucleus of 381, 2

Chamberlin, L. T. Res. Mem 474
Chamberlin, T. C. Cor. Mem 461
Chapman, F. M., Distrib. of

birds in the State of Vera
Cruz 447

Chemistry and Alchemy 177
Chester, F. D., Krennerite
FROM Cripple Creek 455

Chilian Coast, Nemerteans of 197
Child, C. M.; ref 25, 27
Chiloiiionas 384-9, 392, 394, 396, 400
China, Nemerteans of. 196
Chiroptera , Bronchialtreeof 129
Chlorodhis floridia)nis Gibbs 231
Chorda, paralysis of, 317; tympani

nerve 295-7, 3^1
Chromatiuvi 382, 3
Chromite ; Occurrence, Origin
AND Chem. Comp. of, Pratt 489

Cidaris tribidoides Bl. of Bermuda 412
Cirolana californica Hansen (?) 261, 274
Cirripedia of Puget Sd 261
Clark, Herbert L., Notes on
Bermuda Echinoderms 407, 475

Clark and page electric generators 181

Claude, Bernard; ref. 365
Clay Head, Block Id., Paleobot-

any of 56-7, 62
Clay and Kaolin Deposits of
Europe, The, Ries 466

Cleavage forms, " mechanical " ex-

planation, 2
;

progressive differ-

ences of, 12 ; stages, 24.

Clibanaritis vittatus (Bosc), tri-

color (Gibbs) 239
Clifford, N. J., Cretaceous of. 417
Cloacal glands 331
Clyvicnella, vestigial and r u d i

-

mentary cells in 2, ii

Coalescence, An Important In-

stance OF I NSECT, Crampton 219
Coal tar products 184
Cohn, A.; some r e f o r m s in

French spelling 493
Cohnheim ; ref 299
Colakovsky ; ref 49
Columbia, S. C.,archeol. notes

near, Martin 478
Geology of, and vicinity,

1^0 475
Conifers; abnormalities in 49
Conklin ; ref 6, 10, 11, 15, 23, 25-6
Conrad and Morton, paleonto-

logic work of. 185
Copepoda oi Vw^<i.\. Sd 261
Copernicus in Astronomy 1 7^-9
Cornacect oi Block Id 66
Cornish, R. H. Res. Mem 462
Corundum, fluorescence of. 402'.

Coromila diadema (L. ), of Puget
Sd 26 I

Cosmocephalia of N. Pacific 196
Cosmogony and Geology ^11
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Crampton, H. E., Jr., an impor-
tant INSTANCE OF INSECT CO-

ALESCENCE 219, 465
ref. , note 14

Crangon franciscorum, Stimpson,

and offinis^ DeHaan 260, 281

Crepidida ; vestigial cells in, 2 ; ru-

dimentary cells in, 6, 10-12

;

"larval mesenchyme," 18 ; rela-

tion to Nereis and Aricia, II
;

cell lineage, 22 ; ancestral remi-

niscence in, 24 ; mesenchyme of, 26
Cretaceous, of Block Id 56, 62
CrINOIDS and BLASTOIDS ; DE-

SCRIPTION OF, FROM M I L -

WAUKEE, Wis.; Devonian
;

Weller 117

Crookes' lubes, in X-Rays, 30, 36, 41, 43
Crustacea from Puget Sound

;

On a Coi-lection of. Caiman.. 259
The Northrop Collection of
Crustacea from the Bahamas,
Rankin 225

Crustacean liver 331
Cryptolithodes typicus, Brandt 260, 263
Ciyptonionidce, nuclei of 385
Cryptoscope of Prof. Salvioni 39, 40
Cuba; Decapoda... 226-30, 234, 236-40

Stomatopod a 253
Cticiiiiiaria ptaictata Ludw., etc.,

411, 413
[Semperia) bervmdiensis, Heilp

Cumberland Sound ; Eskimos of... 492
Cunningham, Dr. R. H.; ref..... 341
Curtis, Prof.; ref 3^^
Cyclas ; cell-lineage of, note II

Cystqflagellates , Aberrant nuclei of.. 389

Daguillon ; ref. 46-8
Damtnara viicrolepsis Heer, of

Block Id 57, 76
Dana; ref 241, 267
Daniell's battery 179
Darwin ; ref 254
Davis, W. M. Cor. Mem 461
Davy 179
Day, W. S.; The Specific Heat
OF Water 453
Battery Resist. Measure-
ments 469

Dean, Bashford, memoir of the

late B. B. Griffin 193
ref 71, 259

Dearborn, G. V. N.; The Emo-
tion OF Joy 491

Debey; ref 57
Debt of the World to Pure

Science; The, Stevenson 177

Decapoda oiVw^tS. Sound 259
Northrop Coll., 226 ; liver of.. 331

De Haan ; ref 263
Delafield, M. L. Res. Mem 486
Delaware Indians 377
De la Rue on cupric sulphate 180
Delia Valle; ref 269
Delphinus delphis ; Bronchial Tree

of 129
De Man ; ref 241, 247
Devoe, F. W. Res. Mem 445
Devonian Crinoids and Blastoids... 1 17
Dewalquea groenlandica^ Heer (

!

)

423, 426
"De Witt Clinton," %., PI. XI,

Expl 112
Dewitt, W. G. Res. Mem 445
Dexter, E. G., The Influence
OF Weather on the Mental
Activities of Chiidren 49

Diadeina setosuni, Gray, 408, 412
Dice/is, oi^. Pacific 196
Dichilus, of N. Pacific 196
Dicotyles torquatus, Bronchial Tree

of 138, 158
Dinoflagellata, nuclei of 381, 389, 390
Ditnophysis, nucleus of 390
Diploinjfia, of N. Pacific 196
Diplopleura, of N. Pacific 196
Discocoelis, cleavage of 16-17, 20-22

Doderlein, Prof. L.; ref 263
Dodge, R. E., Scientific Geog,

IN Education 449
Dog ; Bronchial tree of, 135 ; se-

cretion physiology, 333, 342,

349 ; experiments, 304 et seq.

;

salivary secretion, 303-4, 320,

323* 325. 327-8 ;
submaxillary

secretion, 295 ;
parotid secre-

tion 297
Dogiel; ref.... 365
DomcEcia hispida Eydoux et Soule-

yet 230
Douglas, A. Res. Mem 495
Douglas, James, Lecture on Min-

ing and Metallurgy 473
Draper, M. A. P. Res. Mem 462
Drasch; ref, 33I, 365
Drepanophoriis, of Puget Sd 198
Driesch; ref. 24
Droniiidcc, of Puget Sd 236
Droniidia antiltensis, Stimpson 236
DucKTOWN, Tenn. , Minerals of
THE Copper Mines at, Kemp 481

Dudley, P. H., Rep. in Sci. Alli-

ance 468
Dudley, P. H., The Use of the
Dudley Stemmatograph, 89 ;
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ref., 183; Track relaying on i

THE B. and A. R. R., 446; 1

Strap Rails of Mohawk and
Hudson R. R., 478; Strem- 1

MATOGRAPH, 452 ; StREM. REC-
ORDS 479

j

Dupuy; ref. 365
Dynagraph, of P. H. Dudley 89

Echinocet'us cibarms. White 261

ECHINODERMS OF BERMUDA
;

Notes on the, Clark 407
pedicellaria of. 331

Echinoids of Bermuda 407, 408, 412
Echino7netra stibangularisy Leske

408-9, 412
Echinoneus semilunaris, Lamk 412
Eckhard; ref ..297, 302, 324-7, 365
Edeiitata, Bronchial tree of 129
Edison, fluoroscope 30, 40-2
Edwards et Lucas ; ref 227
Ehrlich methylen blue method 294
Elastic limit of steel rails 93, 99
Electricity, Hist, sketch of 179-81
Elephas, Bronchial tree of. 129
Ellenberger & Hoffmeister ; ref. 365
Ellis; ref. 365
Empire State Express, Rail tests,

etc 94, 102, 114, 365
Emplectone)}ia oi^. Pacific 196, 197

viviae Stimpson 197, 207
violaceum Burger, 197, 209 ;

gracile 208-9
Engelmann; ref. 46-7, 331, 365
Eno, W. P. Res. Mem 451
Enopla and Anopla 197, 199
Entoblast, relat. to primary meso-

blast 10

Entomeres, deriv. of pigment cells

from 10

Entomology, economic value of. 186
Eparterial Bronchial System

OF Mammalia, G. S. Hunt-
ington 127, 453

Epicaridea, of Puget Sd. ...276, 278, 281
Epicurus, and the Latter Part
OF Lucretius iTtpl [lE-Eupuv,

Sihler 431
Epicurean and Stoic 431
Epialtus prodtictus, Randall 260
Eqmis ; Bronchial Tree of 129
Eriphia gonagra (Tab.), of Ba-

hamas 230
Esquimau ; Amphithoe from 2 74
Essex Co., Mass., Igneous Rocks

OF; ^A^ashington 499
Ettinghausen ; ref. 57
Eucalyptus, fossils of, Block Id 57

1 nervosa Newb 61, 78
? augustifolia 61

Enciphidea, of Bahamas 244
Eujlagellala, nuclei of. 394, 396
Euglena, nuclei of,

380, 384-90, 392, 394, 396
Euglenia virides, nuclei of 386
Euglypha, nuclei of 388, 400
Einieiiiertes, of N. Pacific 197
Eupagi0'us ochotcnsis Brandt, etc.

260, 263, 274
Enpagurus bci-nhardtcs ( L. ) of

Puget Sound 280
Eupolia oi N. Pacific 196
Ewart, William ; ref. 148
Exhibition of N. Y. Acad. Sci. Cata-

logue, Appendix.
Eydoux et Souleyet ; ref. 230

Faraday 181

Farrand, Report of Amer.
Psych. Soc. Meeting 450

Fauna Japonica, Crust, ref. 262

Faxon ; ref. 237-8
Fermentation, study of. 187

Ficus ICratisiana, Heer, 59, 76

;

suspecta 59
Woolsoni, Newb 4I9j 4^8

Fishes, functions of ear and
lateral LINE in ; Lee 453

Five Nations 376
Flagellata, nuclei of 381-2, 385
Fleming, W.; ref. 395, 397
Flora of Block Id. ; modification of, 67
Fluorescence ; even and uneven,

36 ; relative values of materials

for 37-8
Fluoroscope ; new form of, 29 ; use

of screen in connection with

Rontgen Rays ; Trowbridge, 39 ;

surgical and scientific uses 30
Foley, E, Res Mem 486
Fontaine; ref. 49, 50
Forest, preservation, and use of

steel 182

Fort Wrangle, Alaska, Emplecto-
nema of. 209

Franchet, A. Cor. Mem 461
Foster, Prof. Michael; ref 303
Franklin, N. C, Corundum from... 402
PVanklin, X. J., Willemite from... 402
Franklin, F. W. Res. Mem 496
Frog' s tongue : capillaries of 339, 341
Fujii, K.; ref. 50

Galacantha dioviedar 281

Ga^athea dispersa, Bate 280
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Galatheidea of Puget Sound 23 7

Gale, Prof.; ref 180
Galvani's experiment 179
Gaiii?uandiC 269
Ga/finianis furcicornis, Dan a 270
Gardiner, E. G.; ref. 14, 27
Gasteropods ; displacement in sinis-

tral, 14; cell homologies, 13; re-

lation to Liptoplana, 16; cleavage

— , 24; liver of 331
Gatschet ; ref 376-7
Gay Head, Martha's Vineyard; Cre-

taceous of 418
Gecarcinidir, Dana, of Puget Sd... 228
Gecarciiius riiricola (L.) 228
Gegenbaur ; ref, 25
Van Gehuchten ; ref •303, 365
Geography, Scientific, in Edu-

cation, Dodge 449
Geolog}' and Cosmogony 177
Geol. Survey of England, 184 ; of

United States 184
Block Island 55

Gianuzzi ; ref ,296, 365
Giard and Bonnier; ref 275-81
Gibbs; ref 229, 231
Gill, David. Hon. INIem 460
Glaiicmui glaucium ( L. ) Karst, of

Block Id 65
Gleichenta gracilis Heer, Block Id 57, 76
Glen Cove, L. I , Cretaceous of. 418
GnaphalUun purpiireiini L. of

Block Id 66
Golgi, methylen-blue method 294
Goniopsis criientatus ( Latreille ) 229
Go)iodactyhis cersttdii Hansen 253

Gotte; ref 16

Gottlieb; ref 298, t.t.i, 365
Grace Point, Block Id., basal clavs

of .'.. 62
Grapsus grapsus (L.) 229
Grapsidce (Dana) of Puget Sd 228
Gramme, induction machine 181

Grave, Caswell; ref 408
Gray, Henry; ref 146
Great Salt Pond, Block Id 70
Griffin, B. B. ; Description of
Some Marine Nemerteans of
Puget Sd. and Alask.4 193

List of Published Writings 104
Marine Nemert. of Puget
Sd 464

and Harrington, ref., note 206

Gruber, A.; ref 382, 389, 392, 397

Grunow, J., instrument maker 38

Grunhagen; ref 365
Guerin; ref 251

Habschek, B.; ref 27
Haeckel; ref 381
Hager, Stansbury, The Water
Burial 492

Haines, E. T. Res. Mem 445
Hale, G. E. Cor. Mem 451
Halation, action of, on Phot. Lines 406
Hale, ref 376-7
Halifax, N. S. ; Littorina littoria of 72
Hall, Prof.; ref I18-19, 185
Hallez; ref

,
16

Hallock, W., A Make-circuit
Pendulum 463

Hamilton group of fauna I17
Hansen, quoted, 252 ; ref 274, 281
Hapalogaster niertensii, Brandt 260
Harrington, N, R,, Report on

Crust, of Puget Sd., 465;
ref., 259, 283-4, and Griffin,

ref 206, 263, 283
Hasse, C; ref 147
Hatcheck; ref., note 12
Hedera sp ? 421 , 430
Heer; ref. 57-8, 60
Heidenhain ; ref

294-9, 304-14, 317, 320, 324-5

»

327, 2>l'^'^y 342, 350-1. 355-7,
36^ 365, 394; quoted notes,

295, 321-3, 308, 316, 333
H eilprin ; ref. 407-1

1

Heliozoa 38
Henderson; ref 237, 239
Henry's telegraph 180
Herbst; ref , 24
Herdman, Prof.; ref 284
Hering; ref 365
Hermann's Handbook on Phys... 294
Herrick; ref 240-1, 251
Herter; ref 335
Hertwig, O. and R.; ref., 12, 25,

27; 1< 392, 394, 397
Heteractaa cej-atopa (Stimpson) ... 232
Heterogropsus nudus (Dana) and

oregonensis 260
Heteroncmertini -. 200, 214
Hewitt, E. R. Res. Mem 496
Heymons, R.; ref., 6 ; note 12, 127
Hibiscus vioschetttos, L. , of Block

Id 66
Hill, G. W. Hon. Mem 460
Hill; ref 299
Hippidct-, Stimpson, of Puget Sd 237
HippolytidcE, Ortmann 246
Hippolyte prionata, Stimpson. .260, 264-5

b I'evissostris, Dana 284
Plippotioc esciilciita, Leske 408, 412
Hitchcock, Romeyn ; Indus-
TRL\L AI'PLIC. OF O.WGEN 463
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Hock; ref 283
Hodgson's bequest 190
Hofmann ; ref 184
Hoftman, S. V. Res. Mem 468
Holley, inventor 182

Hollick, Arthur; Notes on
Block Id., 55; additions to
THE Paleobotany of the cre-

taceous ; notes on the Gla-
cial Phenomena o f Staten
Id.

, 482 ; FORMATION ON
Staten Id., 415; further
notes ON Block Id., 448; ref.

51 ; notes 67.

Holmes, S. and J.; ref. 2, 6, 27
HolotJiuria siiriiiainensis, 410 ; flor-

idana Pourt, 410, 413 ; captiva

Ludw.; abbreviata, Heilp 413
Hoppin, W. W. Res. Mem 451
Hoplonemertini 1 98

Horace, and Epicureanism 432
Hornaday, W, H.; The de-

struction OF Birds in the
U. S 461^

Horse, salivary secretion of,

303-4, 309, 322
Howard, James E.; ref, 91, 95, 96, 104
Howe, J. M. Res. Mem 451
Huber ; ref 364
Hubrecht, A. A. W.; ref. 198, 217
Howe, M. A. Res. Mem 495
Hubrechtia desiderata 200
Hudsonia tomentosa Nutt. , of Block

Id : 65
Humboldt ; ref 189
Huntington, Geo. S.; The Epar-
TERiAL Bronchial System of
the Mammalia 127, 453

Hyas lyrattis, Dana, of Puget Sd... 260
Hyde, B. T. B. Life Mem... 495
Hyroides, cell-lineage in, note 3
Hylogenesis and Hylogens 303, 320
Hyparterial bronchial tree,

128, 130, 134, 143
Hyperia galba, Mont 261, 265
Hypertrophied Scale-leaves in

PiNUs PoNDEROSA, Francis E.
Lloyd 45

Hystrix ; Bronchial tree of,

129, 134-7, 142-3

Ice age ; S. New England coast 67
after

Ichthyol ; discovery of. 184
Ichthyology; economic value of. ... 186
Iddings, J C. Cor. Mem 461
Idota zvossnessenskii, Brandt, and

reseda, Stimpson 261

Indians ; of Block Id., 70 ; Oral

literature of, 369 ; love song,

375 ; Peace ceremonies, 372 ;

Fairies 373
Induction; discovery of 181

Infusoria, nuclei in 393
Insect Coalescence ; Griffin,

465 ; An Important Instance
OF, Crampton 219

Insedivora ; Bronchial tree of 129
Instructors; modern requirements of 189
Iowa, Johnson Co., Melocriiiiis cal-

vini of 119
Iowa, Devonian Fauna of I17, II9

Iroquois, Indians 370, 11^-1
Irving, J. D. Res. Mem 495
Irving, J. D.; Contact-Meta-
morphism of the Palisades
DiAHASE ,.,. 472

Ishikawa ; ref. 391-2, 397
Island series, strata 417
Isopoda ; Northrop Coll., 254; of

Puget Sd., 261, 274; liver of.,.. 331
Iva frntescens L 66

Jacobi and Spencer, in electro-

metallurgy 180

Jacoby, H.; Phot. Researches
NEAR the N. Pole of the
Heavens 446

Jacobson' s nerve 323-4
Jamaica, Echinoderms of 408-9
Japan ; mountains of, 196 ; Phi-

lyra pisiim of 263
Joessel, G.; ref 147
Johnson, H. P. ; ref 196
Johnson Co., Iowa; Melocrinus

calvini o{ .. II9

Joseph, M.; ref 332, 359, 365
Joy ; The Emotion of, Dearborn 491
Judd, C. H. Res. Mem 496
Juan de Fuca Str., Carinonia of 206
Jiiglaiis artica Heer, of Block Id... 58, 76
Julien, A. A. ; Elements of
Strength and Weakness in

Building Stones 471
Junczis actwiinatus Michx., of

Blockid 65

Juniper, leaf forms in 45~^
Jura, Leptostrobus of 49
Jurassic clays of Block Id 62

Kemp, J. F., On Beringer's
PSEUDO- fossils, 449 ; RE-
MARKS on Titaniferous Mag-
netites, 476 ; Minerals of
THE Copper Mines at Duck-
town, Tenn 481
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Kendall and Luchsinger ; ref., 365
Kennebec River, Indians of ..370, 376-7
Kennedy, J. S. Res. Mem 451
Kepler's discoveries 17^-9
Keppler, R. Life M 496
Keppel, F. P., and Calkins, Re-
port ON Hydroids Collected
IN PuGET Sd 475

Kerguelen, Id. , Ant. Ocean 269
Keuten, J.; ref 394, 397
Kendig, A. B. Res. Mem 495
Kidney? secretion physiology of,

298-9, 335
Kilisut Harbor, Puget Sd., Linetis

at 203, 215
Kingsley; ref., I2(i-^ ^ 229, 246, 249-50
Kitchen middens, of Block Id. 70
Kneiffia linearis and pitmila, of

Block Id 66
Kossel, Prof. ; ref. 303
Kossmann ; ref. 280
Kowalevsky, A.; ref. 12, 27
Kudrewetsky ; ref 360, 366
Kuhne; ref. 295, 335
Kuhne, u Lea ; ref 366
Kunz, G. F,; Meteoric Stone
OF Andover, Maine, 483 ; Re-
cent DISCOVERY OF HUGE
Quartz crystal 454

Krause ; ref....; 366
Kreischerville, S. I., Cretaceous

of 416, 420
Krennerite from Cripple
Creek, Col.; Chester 455

Kraeber, A., Eskimos of Cum-
berland Sd 492

Lamellibranchs, cell lineage in 13, 16
Lang; ref 14-16, 18, 20, 21, 27, 366
Latigia, of N. Pacific. 197-8
Langley,J.N. ; ref.,

29^, 299, 303, 309, 31 1-2,

317, 321, 323-4 335, 350, 356, 366
Langley and Fletcher ; ref. 366
Lankester, E. R. Hon. Mem 460
Laricopsis, fossils of 50-^
Larix, primary leaves upon, 46

;

leaf forms in 50-1
Larval stages, comp. with cleavage

stages 24
Lateral Line Organs, Strong.. 470
Latitude, Var. of Constant of
Aberration, Rees 485

Latreille ; ref 228-9
Laiirits phitonia Heer, of Block

Id 60, 78
Lauterborn, R.; ref.. ...389, 393-4, 397

Lea; ref 335
Leao, F. G. P. Res. Mem 474
Leaf character, as guide to phylog-

eny 47
Leander northropi, n. sp 245

macitlatus and petitinga 246
Leboucq, H.; ref 149
Le Brun, M. M. Res. Mem 445
Lee, F. S., Function of Ear
AND Lateral Line in Fishes,

453 ; The Course of Muscle
Fatigue, 497 ; ref. 303

Leeds, A. R.; ref 405
LeiolopJius planissimus (Herbst) 228
Lenard, Dr.; ref. on fluorescence, 42
Lenape Indians 47^-7
Lepadida, Darwin 254
Lepidopfera, grafting of 219
I.eptoplaita, eggs of, etc 1 5-1 7, 20-22
Leptostrobus, of Juras and Potomac

formations 49, 5

1

Lespedeza 66
Lesquereux ; ref 59
Levison, Wallace Goold ; a sim-

ple and convenient phos-
phoroscope, 401 ; photo-
graphed ocular micromet-
ers, 405 ; phot, eye-piece mi-

. crometers, 469 ; a system of
classification of the fluor-
escent and phosphorescent
substances 496

Levy, Max; ref 357, 366
Leydig ; rel 366
Ligia pallasii, Brandt 261, 282
Liliaceae 66
Lillie, F. R.; ref.. 2, 6, 11-12, 15, 23, 27

Liimioria lignorum ( Rathke ) 261

Limodornm tuberosum L 66
Litickia ^tdldingiiy Gray 412
Litieus striatusy n. sp 214-15

of N. Pacific 195, 198
Linin, of nuclei 379-83
L itJiodid(2 263
Lifhotrya dorsalis, Sowerby 254
Littorina littoria, of Block Id 72
Livoneca vulgaris, Stimpson 261

Llama-alpaca, Bronchial Tree of... 139
Lloyd, Francis E. ; on Hyper-
trophed Scale-leaves in

Pinus Ponderosa 45, 447
Studies in Embryology of
the Rubiace/E 498

Lloyd's Neck, Littorina littoria of, 72
Lockington ; ref 262, 282
Locomotives, weight of, in track

tests 106
Loeb, S. Res. Mem 451
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Long Island ; Amboy clays of, 59 ;

Myrtophylluvi, Laitnis, and IVi-

calycites of, 60-1 ; basal clays

related to Block Id., 62 ; In Ice

age and Geol. Hist., 67-8 ; Cre-

taceous of. 416
Lophactcea lobata (Milne-Edwards) 231
Lephozozyinus belhis ( Stimpson ) 260
Lord, J. K. ; ref. 274
Loricata 440
Luchsinger ; ref 350, 360, 366
Lucifer, The Embryology of,

Brooks 497
Lucretius, The Latter Part

OF, AND Epicurus -KEpl /ne-ecjpuv

Sihler 431
Ludwig, C. ; ref.,

294-5, 299, 330, 337-8, 367
and Spiers, ref 367

Luinbricus, notes 5
Lung, morphology of 142, 145
Lusk, G. Res. Mem 495
Lysiniachia qtiadrifolia L. of Block

Id 65

Machiavelli, Speranza 492
Macintosh ; ref 199, 207, 216-17
Macleod; ref 367
McLouth, L. A.; Notes on E.

Joseph's Kurenburg theory.. 477
McMurrick, J. P.; Report on
HeXACTINI OF PUGET Sd. EX-
PEDITION 48 7

Macra diibia, n. sp 288
MacCracken, H. M. Res. Mem... 462
Macru7'a, of Puget Sd 263
Macrocceloma entheca ( Stimpson ) . .

.

233
Macromeres, of Nereis 32
Macroniicleiis 393
McWhood, L.; A method of
STUDYING THE MOTOR EFFECTS
OF Music 473

Maera fiisca 270
diibia, n. sp 261, 269

Magie, Prof. W. F.; ref 29, 30, 39
Magnolia woodbridgensis, Hollick,

of Block Id 60
and longifolia Newb 422, 428

Maine, Indians of 369, 376
Maioidea, of Puget Sd 233
Malacobdella 197
Malacost7'aca 276
Malisseet Indians 369, 370, 377
Malorchestia californiana, Brandt,

265, 267
Mammalia ; The Eparterial
Bronchial System of the

;

Huntington 127

Origin of; Osborn 447
Manganese and carbon in pig iron.. 182

Marine Nemertkans, Descrip.

of Puget Sd. and Alaska,
Griffin 193

Marinescu; ref 364
Martha's Vineyard, Amboy clays ot

56, 58-59 ; Ficus of, 59 ; Lati-

j tis of, 60 ; Basal clavs relat. to

Block Id., 62; Geoi.-Hist. of, 68

Marston, E. S. Res. Mem 45

1

Marsiipalia, Bronchial tree of 129
Martien, iron refining process of.... 182

Martin, D. S. Life^Mem 451
Martin, D. S., Geol. of Colum-

bia, S. C, and Vicinity, 475 ;

Archeol. notes near do., .... 478
Mason, W. L. Res. Mem 496
Massachusetts, Indians of 369
Masters; ref 45
Matawan horizon 417
Mathews, Albert P., The Phy-

siology of Secretion 293, 466
Matthew, G. F., Paleozoic Ter-
rane Beneath the Cambrian, 491

Matthew, W. D., On some new
Characters of Cl^nodon
and Oxy.f:na 487

Mayer, A. G.; ref. 222

Mead, A.; ref., 2, 6, ii, 12, 15, 21,25,27

Medical News, ref 30, 39
Mediterranean, Asterias oi, 408
Megalorchestia scabt'ipes, Stimpson, 265

Meibo7iiia 66
Meguyiks, see Mohawks,
Mellita sexforis Ag 412
Melocrimis nodosus Hall and Whit-

field, 118; subglobosjis, gregeri,

nodostcs var. , spinosiis n. var.

,

calvini, II9 ; milwaickensisn. sp.

121 ; var. rotundiis n. var 122

Markel, F. ; ref 147

Mesastales 303
Mesenchyme and parenchyme 1 95
Mesentoblasts, primary mesoblasts,

as 10

Mesoblasts, in aurelias and mollusks

3 : bands in Aj-icia and Nereis... 4-5
Mesonemertini 200
Metacarcimcs iiiagister ( Dana ) 259
Metazoa, nuclei of 379-80, 388
Mett ; ref 360, 3^7
Meyer, E.;ref 21, 53, 27

Meyer, M. Res. Mem 496
Micmac Indians 369-74
Microglena punctifera 384, 400
Micromere Quartets in Annelids,

etc 13-16, 24



510 INDEX.

Micrometers, Phot. Ocular,
Levison , 405
Phot. Eye-Piece Microm-
eters 469

Micronucleus 393
j\iic7'ophys bicormitus (Latreille)... 234
Alicrnra fasciolata 214
Miers ; ref 228-9, 252-3
Milwaukee, Wis. ; Devonian

Crinoids and Blastoids of,

Weller 117
Missourij Calloway Co. , M. gregeri

of. 119
Devonian fauna of 1 17

Mitchell, Louis ; ref.,

369-70, 374, 376-7
Mithraadi (?) 235
Mohawk Indians 370-76
Mohegan Blufts, Block Id., bowl-

der clays of 1 2, 79
Moll's electro-magnet 180
Mollusks, Mesoblast and Entoblast

in, 3 ; Micromere-quartets in, 13;
typical development of 14

Monotreuiata, Bronchial tree of. 129
]Montauk Point, Floral analogy to

Block Id 67
Monterey, Cal., Cancer productus

of 262
Moriconia cyclotoxon Deb. and Ett.,

57, 418, 428 ; of Amboy clay

species 58
Morris, Henry; ref 146
Morse's telegraph 180
Morton and Conrad, on fossils,

185, and Vanuxem, Geol.
Studies in N. J 184-5

Moses, A. J., on rare minerals 455
Mucinogen and mucin 303-4
Murray, G. Cor. Mem 461
Muscle Fatigue, The Course of,

Lee 497
Muscle action, mechanism of secre-

tion.... 324, 331
Mushet, iron converting process of.. 182
Music, A Method of Studying
the Motor Effects of, Mc-
Whood 473

Myrica longa, Heer 59, 419, 430
Mynnechophaga jubata, Bronchial

tree of. 138, 142, 160
Myrsine elongata, Newb 420, 430
I\Iyrtophyllum geinitzi Heer 60, 78

Nantucket, Geol. His 68
Naples, Ccrcbratuhis at 215
Narath, Albert; ref... 129-30, 144, 147
Nebenkorper 387-8, 392-4

Nedocrangon alasktJisis, Kingsley 260
Nemerteans ; Description of
Some Marine, of Puget Sound
and Alaska, Griffin, 193 ; tax-

onomy of, 197-9 ; Summary of

distribution and resemblance 216
N^ereis ; rudimentary cells of, I

;

dunierilii, Uinbata and cnugalops

2 ; mesoblasts and macromeres,

3; embryos of, 4, 5, 7, 9 ; ento-

blast and vestigal cells in, II ;

ancestral reminiscence, 1 8 ; cell

lineage 25
Newberry, J. S.; ref

55, 57, 60-1, 417, 420-1
New Brunswick Indians 369
New Hampshire Indians 369, 376
New Jersey ; Amboy clay series,

56, 58 ; Laiirus of, 60 ; Alyrto- .

phyUiuii of, 60; Basal clays relat.

to Block Id. etc., 62; Geol. Sur-

vey, 185 ; Cretaceous of, 416
Newport, Littorina littoria of 72
New York Acad. Sci. Records of

Meetings 445
N. v. C. & H. R. R.R. Rail tests

on 93, 95, 100

New York, Hamilton Group in 1 17
New Zealand, Crustacea of 269
Nicholos, Francis C, Sedimen-
tary Formations of North-
ern S. America 482

Nichols, G. L. Res. Mem 451
Nicolet; ref 268
Nicotine, action of quinine and, in

secretion 296, 311-14, 355
Nobel's work and bequest in chem-

istry 191

Noctiluca, 380-1, 389, 391-6, 400
Northrop, Dr. J. I.; ref. 423
Northrop, Coll. of Crustacea
FROM the Bahamas, Rankin, 225

Norridgewok Indians 369, 376-7
Nova Scotia Indians 369
Novi ; ref 367
Nuclei Phylogenetic Signifi-

cance OF Certain Protozoan,
Calkins 379

Nucleoli of, 379-80, 383, 388-9, 392
Intemiediate type of, 384, 389,

396 ; distributed, 381, 394;
primitive type, 383 ; nuclear

membrane". 379-8o, 383, 387
Nussbaum ; ref 331, 367

Ocypoda aroiaria (Catesby) 226
Ocypodida^ Ortmann, of Puget Sd.. 227
Oersted, in etectricity 180-1
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Oerstedia 19^

Officers elected 461

Old Harbor Pt., Block Id., basal

clays of 62
Olivier; ref 241

Onaora oakesiana (Gray) Britton,

of Block Id 65

Oneida Indians 37^
Onondaga Indians 37°
Ophiactis viillle^'i, Ltk 412
Ophiocoma crassispina. Say 412

zxid. puniila, Ltk 412
Ophiomyxajlaccida, Ltk 412
Ophionereis reticulata, Ltk 408, 412
Ophiosti^j?ia isacantha, Say 412
Ophitira oppressa, Say 408, 412
Ophiurids of Bermuda 407-8, 412
Optical illusions in fluorescence obs. 35-6
Orchestia ( Talitnis) scabripes, and

Spence Bate 267
Orchestoidea californiana, Brandt

261, 265

Ordway; ref 232
Oregonia gracilis, Dana 260

Ortmann, Dr.; ref 225, 262-3

Osborn, H. F.; The Origin of
THE Mammalia, 447 ; Frontal
Horn in Aceratherium Incis-

ivuM Kaup, 487 ; On Some Ad-
ditional Characters of Dip-

LODOCUS, 487 ; ref 225, 269
Osmosis, mechanism of 332
Ostronmoff; ref 367
Othonia aculeata (Gibbes), and

cherminieri, Schramm 234
Oudemans, A. C; ref. ...199, 200, 217
Oxygen, Industrial Applica-

tions OF, Hitchcock 463
Oziidce, Ortman, of Puget Sd 230

Pachycheles pananiensis, Faxon 237
rudis, Stimpson 260

Pachygrapsiis transversiis (Gibbes) 229
Page and Clark, electric genera-

tors 181

PaguridcE, of Puget Sound 238, 263
Fagtiristes tujgidus, Stimpson 261

Palcegyge borrei 275-6, 278, 280

Palcevion savigniji (Bate), etc 244
Palceonemertini 198
Paleobotany, of Block Id., 56;

practical use of 186

Palisades Diabase ; Contact-
M E T a M O R P H I S M OF THE

;

Irving 472
Pancreas, secretion physiology,

362, 329, 360
Pandahis Dance, Stimpson 260, 283

Panicicm sphceroLarpon Ell , of

Block Id.; ^x\^ pidiescens\.2iVCi.... 64
Panopetis herbstii, j\Iilne-Ed\vards.. 230

occidentalis, Saussure, and

aviericanus, S 231

Panulirtis argiis ( Latr. ) 240

Paracrangon echinattis, Dana 260

Paravmba, Tf^T , T,9'^-(i ; eilhardi... 387
Parapagiiridce , Smith 240

Passamaquoddy Documents,
Some, Prince 3^9

Pasteur, in bacteriology 187

Patagonia, Carinoina of. 200

Patella "
Patten, W., ref n, 27

Paulmier, F. C, Spermatogen-
esis IN Hemiptera 470

Pawlow; ref., 298, IZ^- 3^0, 367,

and S. Simanowskaja; ref., 367
Peccary, collared, Bronchial tree in 138

Peckham, W. H. Res. Mem 451
Pelagonemertes 197
Penaeus constricttis, Stimpson 252

Penck, A. Hon. Mem 460
Pendulum, A Make-Circuit,
Hallock 463

Penna. R. R., Heavy rails used

on and tests 93, 105

Penobscot Indians,

369, 370-1, 373-4, 376
Pentremitidea filosa , ^Vhiteaves, 117,122

milwaiikeiisis w. sp 123

Pepsinogen 303
Periceridce, Miers., of Puget Sd

, 233
Pej'idinitim divergens 3S9-90, 400
Perkins, in anilin dyes 184

Personal Equation, in X-Ray Obs., 35
Perth Amboy,'N. J., Cretaceous of 416
Petrochiriis gramilatus (Olivier) 239
Petroleum industries 191

Petrolisthes armatus (Gibbes) and
tridentatiis Stimp. 238 ; cincti-

pes (Randall) 260

Petromyzon, mucous glands of 331

Pfiiiger; ref. 295, 328, 367
Phenacetin, discoveiy of 184
Philyrapistim 259, 260, 262

Phoca, Bronchial tree of, 129, 142 ;

vitulina I4i> 172

Phosphoroscope, a Simple and
Convenient, Levison 401

Photographic Researches
Near the North Pole of the
Heavens, Jacoby 446

Photographed Ocula ]\Iicro-

METERS, Levison 405
Photographed Eye Piece Mi-

i crometers, Levison.
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Photo fluorescence, note 401
Phryxus, Hyndmann 280-I
Phyllolithod s papillosiis, Brandt... 261
Phylloduriis abdominalis, Stimp-

son 261, 282
Phylogenetic Significance of
Certain Protozoan Nuclei,
On the. Calkins 379

Physa, Rudimentary cells in, 6, 12;

vestigal cells in, 2 ; cell lineage

of. 20, 21
Physiology of Secretion, The,
Mathews 293

Pigment cells, derivation of, 8 ; re-
' lation to archenteric wall 8-10
Pilocarpine, action of, in Secretion

Phys 311-12, 321, 335, 349
Pinnixa faha (Dana) 260
Phitis, derivation of, 49 ; leaf

forms, 46 ;
ponderosa, Hyper-

trophied Scale Leaves in, 45 ;

rigida, abnormal leaves of 51
Pistachia aquchon^ensis n. sp 421, 426
Plagiisia depressa (Fabricius). 229
Planorhis 2, 6, 12, 21

Pocock, R. I.; ref. 263
Podo'.eridcE 271
Point Wilson, Carinoma oi. 206
Polina oi^. Pacific 196
Pollicipes polyinerus, Sowersby 261
Polycheria osborni, 259 ; antarctia

( Stebbing ) 268-9
Polyc/uvi'us, cleavage in 19
Polycladcs, early development, I

;

micromere-quartets, and blasto-

mere arrangement, 13, 15 ; typ-

ical development, 14 ; mesoblast
and macromeres 20-1

Polygordius, micromeres in, note 3
Poly/nnia, micromeres in, etc.,

notes 3, 12

Pontoporia blainvillei. Bronchial
Tree of. 129

Popidiis balsaviifera candicans
(Ait.) A. Gray 65
harkeriana Lisk. (?) 419? 426

Porcellaiiida: Henderson, of Puget
Sd. and j'czy^?;/.? Leach 237

Porcupine, European, Bronchial

Tree of 131
Portufiidce, Ortmann, of Puget Sd.. 232
Portunion kossnianni 279
Port Townsend, Washington; Nem-

erteans of. 195
Eniplectonema of, 209 ; Lep-

toplana of, note 1 5 ; Am-
p/iiportcs, 210, 212

;
Linens,

215; Cerebratuhis 275

Potomac, Leptostrobus of, 49 ; P.

Formation 417
Pratt, J. H. ; OCCURRENCE, ori-

gin AND CHEMICAL COMPOSITION
OF CHROMITE 489

Primates, Bronchial Tree of 129
Primordial leaves, in Piniis 46-7
Price, T. R., Shall and Will,

IN Living English Usage 476
Prince, J. Dynfley, Some Passa-
MAQUODDY DOCUMENTS 369, 473

Prince Edward's Id ; Litiorina lit-

toria of 72
Prince's Bay, Staten Id.; creta-

ceousof. 415, 418, 422
Prosi»ii(S, bronchial tree of 129
Prosorhochniw; 198
Protceoides daphnogenoidcs, Heer, 20, 426
Protista, enucleate 381
Protoneniertini 200-I
Protozoan Nuclei ; Phyloge-

netic Significance of cer-
tain; Calkins 379

Origin of 470
Provincetown, Cape Cod ; Litto-

rina littoria of 172
Pseitdione, Kossmann, 280, I

;

Giardi, n. sp 261, 274, 292
Pseudosquilla ciliata, Miers (^3
Pseitdotsiiga^ type of abnormal

leaves of 49, 51
Psychology, experiments in com-

parative; Thorndike 450
Pteridophyta, of Block Id 64, 66
Pterospermites modestus, Lesq...422, 428
Ptychoptera larvae ; intest. cells of.. 302
Publications, changes in 457
Publications, cost of 458
Puelma u. Luchsinger ; ref 367
Puget Sound ; Description of
Some Marine Nemerteans of,

and Alaska ; Griffin, 193 ; On
A Collection of Crustaceans
from. Caiman, 259 ; Report
on Crustacea of, Harrington,

465 ; Leptoplana of, 15 ; Aniphi-

porus at, 211 ; Dinojlagellata 390
Pi/geltia gracilis, Dana 260
Pulmonary artery ; changes in

branching of 130
lobes; character of division... 143

Punta Arenas, Patagonia ; Cari-

iioma of. 200
PycnantheDiuni, of Block Id 66

Quain ; ref 146
Quartz crystals ; Recent Dis-

covery of ; Kunz 454
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Quinine and nicotine ; action of,

upon secretion,

296, 311-12, 314, 320, 339, 355

Rabbit ; Secretion-Physiology of,

303-4, 307, 308, 328, 333, 335, 349
Rabl, C; ref., note 12, 27
Rahn, C; ref. 367
Rails, Use of heavy, on Amer. Rail-

roads, 93 ; Stresses in, 89, 92,

95-6, 98 ; Tests of, 91, 98, 99,
100, no, 112; deflection under
train loads, 90, 94, 95 ; See
Stremmatograph

Ramsay; ref 191
Rankin, W. M.; The Northrop
Collection of Crustacea
FROM THE Bahamas 225, 463

Ranvier; ref. 303, 331-2, 359, 367
Raphonotiis subqtiadratus^ Dana— 261

Rasle ; ref 376
Rathbun, Miss M. S.; ref

225, 232, 234-6, 262
Rawitz ; ref , 367
Rayleigh ; ref 191

Recording Secretary, report; 1 898 456
Records of Meetings, N. Y. Acad.

Sci 445
Redout Bay,Alaska; Aniphiporics ai 213
Rees J. K.; Variation of Lat-

itude, AND Constants of Ab-
erration 485

Reinipes ciibensis, Saussure 237
Resin ducts ; constant position of., 47
Retinospora ; leaf forms in 46
Retractor-muscles of Cucumaria

etc 411
Retzius ; ref 365
Reusch, H. Hon. Mem 460
Rhizocephalia, of Puget Sd 261, 283
Renter, L. H. Res. Mem 495
Rhizomorphs 423, 430
Rhizopoda 381, 389
Rhode Island, Geol. Survey, note 56
Ribbert ; ref 335, 367
Rich, J. M Res. Mem 486
Ries, Heinrich ; Clay and Kao-

lin Deposits of Europe 466
Rio Janeiro, Aniphithoe from 273
Ritter, W. E.; On the Ascidians

Coll. by the Puget Sd. Exped 487
Robb, J. H. Res. Mem 451
Robinson, Arthur ; ref 134
Rodentia, Bronchial tree of 129
Roentgen Rays ; Use of the
Fluorscopic Screen in Con-
nection with, Trowbridge.... 39
An X-Ray Detector, do.... 29

Rogers, H. H. Res. Mem 451
Rood, Prof.; ref 31, 35
Roosevelt, J. A. Res. Mem 451
Roripa palustris (L. ) Bess, of

Blockid 65
Roux ; ref. 25-6
Rowley; ref 119
Roy; ref. 339
RuBLA.cE^, Studies in the Em-
bryology OF TH E, Lloyd 498

Rudimentary cells, in Nereis, Ari-

cia, etc I, 2, 6

Rumex obtiisifolitis L. of Block
Id 65

Rusby, Henry H.; Public Lec-

ture 450

Saccharin, discovery of. 184
Sacculina 283
Sagadahok Indians 369
Salivary Secretion ; sympathetic,

303 ; rate of, 804 ; decrease by
stimulation, 309 ; augmentation
of, 311 ; Paralysis of Sympa-
thetic, 314; character of, 320;
muscular mechanism of, 324

;

contractile sub. in gland, 328

;

changes in gland cells, 328

;

conclusion, 329 ;
post-mortem

chorda, 337 ; action of atropine

and pilocarpine, 349 ; action of

quinine and nicotine, 355 ; os-

motic, with vaso. dilation, 356 ;

physiology of 358
Saliva; fluidity of, 32 1 ; back flow

of, 324-7, 330; viscous,

307-10, 313, 321-2
Salix cordata, etc., of Block Id.... 65
Salix inceqiialis Newb. of 419, 430
Salix protecefoiia, Jlexuosa, and

lanceolata Lesq 59, 78
Salvioni, Prof. E.; ref. 29, 39
Samia cecropia, grafting of. 219
San Francisco, Emplectonoiia at... 207
Sapindus Morrisoni, Lesq 422, 426
Saussure; ref 231, 237
Say; ref 250
Sayreville, N. J.; Cretaceous of.... 416
Scale-leaves ; Hypertrophied,

IN PiNus Ponderosa ; Lloyd... 45
Schaudinn ; ref. 389, 392-3, 397
Schewiakoff, "W.; ref 397
Schiff; ref. 297,302, 320-2, 367
Schizonemertim 198
Schlesinger, Frank ; The Pr^-

sepe Group 469
Schliiter; ref. 328, 368
Schmidt; ref., note 401
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Schramm; ref 234
Schultz, C. S. Res. Mem 445
Schultze, Max ; ref 197-9
Schwann; ref 25
Schumowa-Simanowskaja ; ref. "^^t^^)

Science, Pure ; Debt o f the
World to, Stevenson 177

inductive and deductive 177
Sclerocrangon f/uaiitus 260, 281, 283

mtirictis, Dana 284
Scott, W. B. Cor. Mem 461
Scyra aaitifroiis, Dana 260
Seal; Harbor, Bronchial tree of. .... 141
Sebaceous glands ; musculature of.. 331
Secretion, The Physiology of,

Mathews 293
Secretions ; sweat, 359 ;

pancreas,

360 ; Sympathetic Salivary, 303 ;

due to muscle action, 331 ; Lit-
erature of S 364

Secretory nerve fibres 294, 300-I, 304
Sedgwick, Adam ; ref 25
Semper; ref 410
Semperia berviudiensis 41

1

Senator; ref 299
Seneca Indians 376
Sericocarpus asteroides ( L. ) , of

Block Id 65
Sesanna cinerea (Say) , 229
Sheep, Secretion physiology of,

.

•••• 303-4, 309, 324, Tc^Z
Siberia; Jura, Lcptosfrobiis of 49
Sickles, T. Res. Mem 495
Siemens' electric machine 181

Signal Service, sketch of. 184
Sihler, E. G.; The Latter Part
of Lucretius and Epicurus
TTfpt /uercupuv 43I> 467
The Main Line of Cicero's

Political Judgments 494
Simonoskaja, S. ; ref 298
Sinistral Gasteropods, displacement

in, note 14
Sisyrinchiuin atlanticum Bicknell.. 65

Sitka, Alaska, EmplectoJtema of. . . . 209
Amphiporus of 210, 212-13

Six Nations 'hl'^-'^

Skiascope of Professor Magie 30, 40-1
Sladen, challenger report ; ref. 408, 412
Slocum, A. W. ; ref. I17
Smilacccc of Block Id 66
Sniilax rotitndifolia L 65
Smith ; ref. 229, 233
Smith, H.J. ; Recf:nt Archeo-
logical Investi g a t I o n s in
British Columbia 450

Smithsonian bequest 190
Smithsonian Ins. ; ref. 263

Snakes, poison glands -of 330
von Sobieranski ; ref 299, 368
Solatium didca))iara L 66
Sooloo Sea, Gammarus from 271
South Amboy, N. J., Cretaceous of

416 ; clay fossils, 57 ; Celastrus of 60
South-East Point, Block Id 59-60
Southport, Eng. ; Valencitiia oi. ... 199
Sowersby ; ref 254
Speranza, C. L., Machiavelli 492
Spermatophyta of Block Id 64-6
Spiders, poison glands of. 331
Spio ; cell lineage of. .1, 3, 6, 10, 12, 24
Sporozoa 388
Sqiiinid(S, Latreille 253
Stabchen, of nucleus

, 386
Starling, E. H.; ref. 299, 368
Staten Island, Amboy clay series

of, 56-7; Lauriis of, 60 ; Alyrto-

phylltim of, 60 ; Tricalycites of,

61 ; Basal clays, relation with
Block Id., etc., 62 ; Notes on
the Glacial Phenomena of,

Rollick ;... 482
Stauffacher ; ref 27
Stebbing, Rev. T. R. R, ; ref.,

259, 268-9, 280
Steel, Hist. Sketch of, 181; use of,

and forest fpreservation 1 82
Stenopns hispidiis ( Latr. ) 240

semilcEvis, von Martins 241
saitellattis n. sp 242

Stcrculia snozvii Lesq. (?) and sp.

422, 428
Stevenson, J. J.; Debt of the
World to Pure Science 177

St. Fi-ancis Indians 369, 376
Stichopus of Bermuda, 409-10

;

diaboli, 409 ; Xanthonicla, 409-
13; t/idbii, ,\lo \ haytiensis 413

Stimpson, Dr. "Wm.; ref 196
217, 233, 236, 238, 252, 264-67, 272

St. John's River Indians 374, 377
St. Lawrence Gulf, Carinella of,

note 216
Stoic and Epicurean 431
Stomach, Secretion physiology of

302, 335
Sfoinatopoda, of Northrop Coll 253
Stone, jNI. A. Res. Mem 495
Strasburger's Kinoplasma 394
Stremmatograph, the Use of
THE, Dudley 89, 452

Determination of Stresses by

96, 100; Records 479
Strong, O. S.; Innervation of
THE Lateral Line Organs... 470

Suetoria 3 8 1 , 392
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Sudoriferous glands of Amphibia... 302
Sweat glands, musculature of 331

Secretion of 298
Sylon ; sp ' 261, 283
Sympathetic Salivary Secretion 303
Synapta vivipara^ Oerst 413
Symira iivella 384, 396, 400

Tatnoskia, of N. Pacific 196
Taxidea americana ; Bronchial

tree of 132, 134-5,152, 154
Tegerstedt ; ref 339
Telegraph, invention of 180
Telnicssiis cheiragoiius (Tilesius).. 260
Teloblasts, archenteric origin, and

relat 12, 13
Teller, E. E.; ref 117

Tetramitus 382-3, 388, 392-4, 400
Tetrasteminaoi^. Pacific... 196, 198
Theil, Dr.; ref 413
T/iiiinfeidia lesquereuxiana Heer,

58, 4I9> 428
Thompson, Prof. D'Arcy W.;

ref 259
Thorndike, E, L., Experi-
ments IN Comparative Psy-

chology 450
Thornell, H. L. Res. Mem 451
T/iryne of Bermuda, retractor

muscles of 410-11
Thuja, \&2ii forms in 46
Tiegerstedt ; ref 368
Ties ; destructive work of trains,

89; spike redriving, note 91
TrrANiFEROus Magnetites;
Some Remarks on, Kemp 476

Tanisoma of N. Pacific 196
Tottenville, S. I.; Cretaceous of

415, 419, 420-3
Toxopneiistes variegatiis Lamk,

408-9, 412
Tozewna caroliiieiise, Kingsley 246
Trachclomonas lagenella, volvocina

and hispida 385-6, 400
TracJielocerca pJiceniicopterus 381
Track-Relaying on the B. &

A. R. R., Dudley 446
Track Indicator car of P. H.

Dudley 89
Trask, S. Res Mem 451
Treasurer's Report, 1898 457
Tricalycites papyraceiis Newb.,

61, 76, 423, 428
Trichocarciniis ore^one)isis (Dana) 260
Trientalis americana, Pursh, of

Blockid 65

Trifolium prociimbctis L. and iti-

carnatum L 65

Tripler, C. E. Res. Mem 474
Trochophore larva

;
pigment area

of 8
Trophic nerve fibres,

294, 299, 301, 304, 320, 323, 337
Trowbridge, C. C; The Use of
the Fluoroscopic Screen in

Connection with Roentgen
Rays, 39 ; An X-Ray Detec-
tor FOR Research Purposes... 29

Trypinogen 303
Tschirwinsky ; ref 351-2, 354, 368
Ticrbellaria ; mesoblast of, note... 21

Tuscarora Indians 376
Tycho Brahe's studies 178
Tyndall, John ; ref 401

Umbrella, cell-lineage of. 2, 6, 12

Unio ; vestigal cells in, 2; rudi-

mentary cells in, 6, ll, 12 ; larval

mesenchyme of, 18 ; ectomesoblast

of, 19-20 ; Ancestral reminis-

cence, 24; mesenchpne of. 26
Unna, P. G.; ref 328, 368
Upogebia piigettensis ( Dana ) 260
Uranium glass; fluorescence of. 403
Usenet, H.; Epicurea, ref 432, 437

Vaccinitcm 66
Vaillant ; ref 207, 217
Valencinia of X. Pacific, 196, 198 ;

ar/nandi n. sp , 200
Vanuxem and Morton; ref 184-5
Vaso-dilator nerves, in Secretion,

332, 356
Velenovsky ; ref 59
Vera Cruz ; Distribution of

Birds in. Chapman 447
Verbascum blattaria L 66
Vernonia noveboracejisis 66
Veronica 66
Verrill, A. E.; ref 197, 218, 407-8
Vestigal cells, and origin of telo-

blasts 12

Vibnrnum, of Block Id 66
Vicia sativa L. , of Block Id 65
Vierheller ; ref. 328, 368
Virchow, R. Hon. Mem 460
Vocator (Herbst) , 226
Volta's pile , 179
von Wistinghausen ; ref 2, 27
von Wittich ; ref 324-8, 335, 368
Vulpian; ref 388

Wabaniki Indians... 369, 370-2, 374, 376
Walcott, C. D. Cor. Mem 461
Walker, A. O.; ref 284
Walz ; ref 279
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Wampum Laws 369-70, 374
Ward, Dr. L. F.; ref 56, 62, 417
Ward, S. L. H. Res. Mem 445
Washington, H. S. Res. Mem 486
Washington, H. S.; The Ig-

neous Rocks of Essex Co.,

Mass 499
Washington ; Leptoplana of Port

Townsend ; note 15
Water, Specific Heat of ; Day. 452
Waterbury, J. T. Res. Mem 451
Watertown Arsenal ; metal tests

;

note 91
W^eber, Max; ref 129, 148
Weber ; ref., on Secretion Phys... 368
Weber, R.; ref. 225
Weil, Richard ; Development

of Ossicula Auditus in the
Opossum 488

Weismann ; cell mosaic theory... 26
Weller, Stuart ; Description of
Devonian Crinoids and Blas-
TOiDS FROM Milwaukee,
Wis 117, 455

Werther; ref. 336, 368
West Berkely, Cal.; Empledonema

of 208
West Indes, Crustacea ot 225
Wharton's duct 295-6
Wheeler, J. R.; The Newly
Discovered Poems of Bacchy-
LiDES 467

Whiteaves ; ref. 123, 216
AA^hitfield; ref. 119
Whitman, C. O. Cor. Mem 461
Whitman; ref 25
Wicke, W. Res. Mem 496
Wiedemann; ref.; note 401
Wiedersheim, R,; ref.... 134, 146, 368
Widdringtonites reichli (Ett. ),

Heer 58

Wierzejski ; ref. 6, 12, 20, 27
Wiggins, F. H. Res. Mem 451
Willemite, fluorescence of 402
Williams, H. S. Cor. Mem 461
\A^ilson, E. B.; Considerations,
on Cell Lineage and Ances-
T R A L Reminiscence, i ; On
the Structure of Proto-
plasm IN THE Eggs of Echino-
DERMS and Some Other Ani-
mals

Literature of Cell Lineage... 27
Wolff, A. R. Res. Mem 451
Woodbridge, N. J ; Cretaceous of 416
Woodbridge, N. Y.; Tricalycites

from 61

Wood's HoU, Littorina littoria of 72
Woodward, C. A. Res. Mem 451
Woodward, B. D.; Vowels of
Roumanian and Other Ro-
mance Languages 468

Wright, L.; ref 401

XanlhidcB, Ortmann, of Puget Sd. . . 231
X-Ray Detector for Research

Purposes, Trowbridge 29

Yellow Pine, see Plnus ponderosa
Yokahama Bay, Philyra piswn of 262

Zabriskie, G. Res. Mem 451
Zacharias ; ref 382, 397
Zimmermann and Boas ; ref.,

note ... 145
Zinin, discovery of Anilin 184
Zittel, K. von. Hon Mem 460
Zoology of Block Id 71
Zostera viarina L. of Block Id 64
Zunstein, J.; ref 147
Zygoneviertes virescens 210
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Committees.

Honorary Committee of Members.

ADDISON BROWN, MORRIS K. JESUP,

CHARLES P. DALY, SETH LOW,
WILLIAM E. DODGE, HENRY M. McCRACKEN,
ABRAM S. HEWITT, WILLIAM C SCHERMERHORN.

Reception and Exhibition Committee.

HENRY F. OSBORN, CHARLES F. COX,

REGINALD GORDON, GARY N. CALKINS,

RICHARD E. DODGE, Chairmafi.

General Committee.

Anatomy: GEORGE S. HUNTINGTON and JOS. A. BLAKE.
Astronomy: J. K. REES, HAROLD JACOBY and H. S. DAVIS.

Botany: GEO. V. NASH.
Chemistry: CHAS. A. DOREMUS.
Electricity: GEO. F. SEVER.

Ethnology and Archeology : FRANZ BOAS and L. FARRAND.
Experimental Psychology : CHAS. B. BLISS.

Geology: ARTHUR HOLLICK.
Mineralogy: EDM. O. HOVEY.
Paleontology: GILBERT van INGEN.

Photography : CORNELIUS Van BRUNT.
Physics : WILLIAM HALLOCK.
Physiography: R. H. CORNISH.
Zoology: E. B. WILSON.



PROORAMME.

April 13.

Reception to Members of Academy and

Invited Guests, _ _ _ _ 8-10 p/m.

April 14.

Afternoon Exhibit, - - - - 3-5 p. m.

Evening Reception, to Members of the

Scientific Alliance, _ _ _ 8-1

1

"p. m.

Demonstrative Address, "The Function

OF Large Telescopes," Promptly at - - 9 p. m.

By Prof. Geo. E. Hale.

Preceded by an

Introduction by the President of the^ Academy,.

Prof. Henry F. Osborn.

AND BY the President of the Mhseum

Morris K. Jesup, Esq^



New York
Academy oe Sciences.

KOUNDED IN 1817.

ORGANIZATION.

The New York Academy of Sciences is fourth in age among
American scientific societies, having been organized in 1S17 as

the Lyceum of Natural History. It embraces all branches of

science and its scope is the same as that of the older Euro-

pean societies. Its publications are of world-wide reputation

and contain the first announcement of many discoveries, which

have proved to be of great importance in their practical and

theoretical relations.

The former Presidents have been : Dr. Samuel L. Mitchell,

1817-1833. Professor John Torrey, 1834-1826; 1836. Major

Joseph Delafield, 1827-1837; 1839-1865. Professor Charles

A. Joy, 1866-1867. Professor John S. Newberry, 1868-1892.

Professor O. P. Hubbard, 1 892-1 893. Dr. H. Carrington Bol-

ton, 1893-1894. Professor John K. Rees, 1894-1896. Profes-

sor J. J. Stevenson, 1896-1898.

MEMBERSHIP.
Honorary members are limited to fifty in number, and are

elected from the representative scientific men of the world.

Corresponding members are also chosen from distinguished men
in different parts of the world engaged in the prosecution of vari-

ous branches of research, the results of which they are invited

to communicate to the Academy from time to time. This list

now includes over 250 names.

Fellows are limited to 100 and are chosen from amonsf the

Resident Members in recognition of scientific attainments or

services ; they form the Council and the main working body,

and conduct the business of the Academy.

Resident Membership is not restricted to specialists, but is
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open to those who take a general interest in science and desire to

promote the work of the Academy by their subscriptions.

The Initiation Fee is $5, and the annual dues are $10. Pay-

ment of these confers upon Members full privileges and the right

to all publications. By payment of $100 a Member may become

a Life Member, commuting his annual dues. Donors of $250
become Patrons, and have all the privileges of Life or Resident

Members.

Members are elected as follows : The candidates are proposed

publicly, in writing, at any meeting, by a Fellow or Member;
and the nominations, together with the name of the person mak-

ing them, are referred to the Council; if approved, the candi-

dates may be elected by ballot at any succeeding business meeting.

PUBLICATIONS.

The publications of the Academy at present consist of two

series

—

The Annals (octavo) and The Memoirs (quarto). All

are distributed to Members and Fellows, and are circulated in

exchange for the publications of nearly all the foreign and Amer-

ican Academies and learned Societies. The Annals, which

opened in 1S24, contain the longer contributions and reports of

researches, together with the reports of meetings. The Trans-

actions^ in which the shorter papers and business reports have

hitherto appeared, are now abolished and the matter appears in

the Annals. The complete volumes of Annals will hereafter

coincide with the calendar year, and beginning with the volume

now in press will appear with a new typography and arrange-

ment of pages.

Under the present system of printing, an author can secure

immediate publication and distribution of a discovery in which

it is important to establish priority. The present edition of the

Annals is 1,000. The Memoirs, issued in quarto form, are

adapted to papers requiring large plates or tabulations. But

one number has thus far been issued.

LIBRARY.

The Library numbers over iS,ooo titles, and is especially

rich in sets of the publications of American and Foreign Societies.



In this respect it is one of the most complete in this country. It

is now shelved in a special room of the Schermerhorn building

at Columbia University, and is accessible to Members from 8 a.m.

to 5 P.M.

MEETINGS.

The Academy at present meets at 64 Madison Ave. in Mott

Memorial Hall. Meetings are held every Monday at 8 p.m.,

from October to May, inclusive. The Academy meets in sections

on successive Mondays in the following order : Astronomy and

Physics; Biology (Zoology, Physiology, Botany) ; Geology and

Mineralogy; Anthropology, Psychology and Philology. Other

sections may be formed by a vote of the Council. Each of the

sectional evenings is devoted mainly to scientific papers and dis-

cussions. All the meetings are open to the public and are an-

nounced, with the subjects of the papers to be read, in the bul-

letins of the Scientific Alliance of New York.

SCOPE OF WORK.
Owing to the increased scientific activity in this city, expan-

sion of the Academy's w^ork is called for along three lines, pub-

lications, lecture courses and grants for research. The Academy
is endeavoring to increase its efficiency in the near future by se-

curing a larger publication fund so that it will no longer be neces-

sary to decline important scientific papers offered for publication,

especially when accompanied by illustrations. A certain sum of

money should also be available annually for lecture courses

—

such as the well known lectures of the Royal Institution in Lon-

don ; and for grants for original research. Our scientific men
give their results freely to the world with no thought of financial

return in most cases, and should be aided in their work by Sci-

entific Academies.

Persons desiring to join the Academy or support its scientific

work by subscription m either of the lines suggested above should

address

The Secretary,

New Yo7'k Academy of Sciences^

Teachers College, New York City.



OFFICERS OF THE ACADEMY, 1898-9.

President,

HENRY F. OSBORN.
First Vice-President

,

Second Vice-President

N. L. BRITTON. J. F. KEMP.
Corresponding Secretary, WM. STRATFORD
Pecording- Secretary, RICHARD E. DODGE.

Treasurer, C. F. COX.

Librarian, ARTHUR HOLLICK.

COUNCILLORS.

CHARLES L. BRISTOL, WILLIAM HALLOCK,
CHARLES A. DOREMUS, HAROLD JACOBY,
BASHFORD DEAN, LAWRENCE A. McLOUTH.

MEMBERS OF COUNCIL, Ex-officio.

Ex-Presidents O. P. HUBBARD, J. K. REES and J. J. STEVENSON.

CURATORS.

HARRISON G. DYAR, GEORGE F. KUNZ,

ALEXIS A. JULIEN, LOUIS H. LAUDY,
WILLIAM D. SCHOONMAKER.

FINANCE COMMITTEE.

HENRY DUDLEY, JOHN H. HINTON,
CORNELIUS VAN BRUNT.

OFFICERS OF THE SECTIONS.

SECTION OF ASTRONOMY AND PHYSICS.

P. H. DUDLEY, Chairman. R. GORDON, Secretary.

SECTION OF BIOLOGY.

E. B. WILSON, Chairman. G. N. CALKINS, Secretary.

SECTION OF GEOLOGY AND MINERALOGY.

J. F. KEMP, Chairman. H. RIES, Secretary.

SECTION OF ANTHROPOLOGY, PSYCHOLOGY AND PHILOLOGY.

L. A. McLOUTH, Chairman. A. V. W. JACKSON,
Secretary for Philology.

CHAS. B. BLISS, Secretaryfor Anthropology and Psychology.



ANATOMY.
In Charge of Geo. S. Huntington and Jos. A. Blake.

1. Radiographs and Diagrams Showing the Topograph-

ical Relations of the Trachea and Bronchi to

THE Thoracic Walls. Exhibited by Dr. Jos. A. Blake,

Department of Anatomy, Columbia University.

2. The Structure of the Fourth Ventricle and of the
Lateral Recesses. Exhibited by Dr. Jos. A. Blake.

3. Recent Studies in the Visceral Anatomy and the
Vascular System of Reptilia. Exhibited by the

Department of Anatomy, Columbia University.

4. The Cerebral Gyres and Fissures of two Natives of

British New Guinea. Exhibited by the Department

of Anatomy, Columbia University.

B
astronomy.

In Charge of J. K. Rees, Harold Jacoby and Herman S.

Davis.

I. Photographic Illustrations of Recent Work. Ex-

hibited by Harvard College Observatory through E. C.

Pickering, Diiector.

a. Vicinity of Eta Carince, photographed with the Bruce

telescope.

h. Large Magellanic Cloud.

c. Arequipa Station, showing new Bruce Building.

d. Bruce Building.

e. Spectroscopic Binary, p! Scorpii.

f. Spectroscopic Binary, A. G. C. 10534.
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£". Spectrum of I Puppis.

h. Spectrum of ISIeteor as photographed.

?'. Spectrum of ^Meteor, enlarged 9 times.

/. Variations in Light of U Pegasi.

k. Proper ^Motion of Z. C. 5I1 243 and occultation of 26

Arietis.

/. Dumbbell Nebula.

1)1. Spiral and Ring Nebulse.

n. Nebula in Andromeda.

2. Photographs of Apparatus and of Stellar Spectra,

Illustrating a New ^Method. Exhibited by Prof.

Charles Lane Poor, of Johns Hopkins Observatory.

a. Concave grating spectroscope; ordinary form attached

to eye end of telescope.

b. Concave grating spectroscope ; direct form.

c. Same as b^ mounted on telescope.

d. Series of spectra of Sirius, including Glass positive, or-

dinary size
;
photograph enlarged three times without

widening; photograph, enlarged and widened; Glass

positive, enlarged and widened ; Series of Spectra of

other stars.

3. Charts axd Sketches. Exhibited by United States Coast

and Geodetic Survey, H. S. Pritchett, Superintendent,.

Washington, D. C.

a. Isogonic and Isoclinic Charts for 1900 A. D.

b. Base map showing astronomical positions and gravity

stations to date.

c. Sketch showing the Triangulation of the Great Transcon-

tinental arc from Cape May, New Jersey, to Point Arena,

California.

4. Glass Positives. Exhibited by the Yerkes Observatory of

the University of Chicago, George E. Hale, Director.

a. Photographs of the Building and Instruments of the

Yerkes Observatory. Thirty positives on glass.

b. Stellar spectra photographed with the 40-inch telescope

and stellar spectographs by Hale.



II

1. Part of spectrum of a Orionis (three prisms).

2. Part of spectrum of o Citi (Mira)— (three prisms).

3. Comparison of the spectra of 78 Schjellerup ( Vogel's

type 3b) and /> Persei (Vogel's type 3a).

5. Bromide Enlargements of Photographs of Recently
Constructed Instruments. Exhibited by Warner &
Swazey, Cleveland, Ohio.

a. 6-inch Meridian Circle made for U. S. Naval Observa-

tory, Washington, D. C.

b. 5-inch Alt-Azimuth made for U. S. Naval Observatory,

Washington, D. C.

c. 3-inch Combined Transit and Zenith Telescope.

d. 4-inch Zenith Telescope.

e. 3-inch Prism Transit.

f. Standard lo-inch Equatorial Telescope.

6. Publications of Various Observatories, showing repro-

ductions of photographs of the Moon. Exhibited by

Columbia University.

a. Plates from Photographs, by M.M. Loew^y and M. P.

Puiseux, Paris Observatory.

b. Plates by Dr. Weinek, of Prague.

c. Plates from the Lick Observatory photographs.

7. Mirrors and Reel Used in the Determination of

the [Constant of Abberration by the Loewy
Method. Exhibited by Professor George C. Coinstock,

Washburn Observatory, Madison, Wis.

c
BOTANY.

In Charge of Geo. V. Nash.

I. Albrecht's Klinostat to Illustrate the Exclusion of

Heliotropic and Geotropic Curvature. Exhibited

bv Dr. C. C. Curtis.
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2. Method of Measuring Root Growth and Nutation.

Exhibited by Dr. C. C. Curtis.

3. Slides Illustrating the Life History of some Fresh
Water Alg.-e. Exhibited by Mr. T. E. Hazen. •

4. Museum Preparations of Seeds and Seedlings of Phce-

nix DACTYLiFERA. Exhibited by Prof. Francis E. Lloyd.

5. Abnormal Cone from Douglas Spruce, Pseudotsuga

MUCRONATA. Exhibited by Prof. Francis E. Lloyd.

6. Hypertrophied Scale-leaves of Pinus ponderosa. Pro-

duced by pruning staminate shoots. Exhibited by Prof.

Francis E. Lloyd.

7. Accessory Buds in Pisum sativum, cultivated variety.

Obtained by amputation of plumule and successive axil-

lary buds. Exhibited by Prof. Francis E. Lloyd.

S. Studies in the Embryology of Sparganium. Exhibited

by Mr. F. C. Paulmier.

9. Set of Slides Showing that the Formation of Cellu-

lose Depends Upon the Influence of a Nucleus.

Exhibited by Dr. C. O. Townsend.

10. Studies in the Development of the Ovule of Larix

LARiciNA. Exhibited by Miss Ada Watterson.

11. Development of the Embryo Sac in Sagittaria.

Exhibited by Miss Louise B. Dunn.

12. New Japanese and American Charace^. With illus-

trations and descriptions. Exhibited by Dr. T. F. Allen.

13. New Species from the Vicinity of New York City.

Illustrated by Specimens. Exhibited by Mr. Eugene P.

Bicknell.

14. Two New^ Saniculas from the Southern States.

Represented by specimens. Exhibited by Mr. Eugene

P. Bicknell.

15. Mosses of Northern Bolivia and Southern Peru.

Collected by Pierre Jay in July and October, 1S93.

Exhibited by Elizabeth G. Britton.
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1 6. Some New Species of Aster. Exhibited by Prof. Edward
S. Burgess.

17. Specimens and Figures Illustrating the Hepatic
Flora of California. Exhibited by Mr. Marshall A^
Howe.

iS. New Species in the Gramine^e. Illustrated by speci-

mens. Exhibited by Mr. Geo. V. Nash.

19. Two New Grass Genera. Illustrated by specimens.

Exhibited by Mr. Geo. V. Nash.

20. New Genera and Species of Plants from South
America. Exhibited by Dr. H. H. Rusby.

21. New Species from Montana. Exhibited by Mr. P. A-
Rydberg.

22. New Species in the Southern United States. Illus-

trated by specimens. Exhibited by Dr. John K. Small ..

23. Recent Discoveries in the Genus Eriogonum. Illus-

trated by specimens. Exhibited by Dr. John K. Small.

24. Two New Genera from North America. Exhibited by

Dr. John K. Small.

25. Specimens Representing Recent Research in the
Asclepiadace^. Exhibited by Miss Anna Murray

Vail.

26. New Species from New Mexico. Exhibited by Mr. E..

O. Wooton.

27. A Fossil Moss from the Tertiary, probably Miocene,.

OF THE State of Washington. Collected near Cle

Elum, Kittetass Co., by Mr. I. C. Russell, July 7th,

1897. Exhibited by Dr. F. H. Knowlton, Elizabeth G.
Britton and Dr. Arthur Hollick.

28. Some Studies on the Bacteriology of the New
York City Water Supply. Exhibited by Smith Ely

Jelliffe, M.D., F. G. Kneer, M.D., and O. Hensel,

Ph.G.

Note.—The more important botanical publications of members dur-

ing the year are exhibited on a table and are open to examination.



D
CHEMISTRY.

In Charge of Charles A. Doremus.

1. Liquid Air with Experimental Illustrations of its

Properties. Exhibited by Mr. Charles E. Tripler.

2. Bomb Calorimeter. Exhibitedby Dr. H. W. Wiley, Chief

of Division of Chemistry, United States Department of

Agriculture.

3. Improved Specific Grav^ity Bottles or Pyknometers.
Exhibited by Dr. E. R. Squibb.

4. Improved Zero Burette. Exhibitedby Dr. E. R. Squibb.

5. ViscosiMETER. Exhibited by Mr. P. H. Conradson.

6. Progress in Manufacture of Artistic Glass. Exhibited

by Mr. Louis C. Tiffany.

7. Specimens of Trithioformaldehyde, Trithioaldehyde
AND Anhydroformaldehyde-anilin ; Sodium Oxy-

methylsulfonate, Trioxymethylene and Sali-

formin. Exhibited bv Dr. L. H. Renter.

8. Specimens of Salicylid, Salicylidchloroform and
PoLYSALiCYLiD. Exhibited by Dr. L. H. Renter.

9. Tables to show the Application of the Periodic Sys-

tem TO THE Study of Analytical Methods. Ex-

hibited bv Professor Robert W. Hall.

10. Models Indicating the Relation Between Volume,
Pressure and Temperature of Gases. Exhibited

by Professor Morris Loeb.

11. Pure Preparations of Tellurium and some of its

Compounds. Exhibited by Professor Morris Loeb and

Mr. J. H. Shipley.

12. Artificial Crystals of Chemical Compounds, Illus-

trating Isomorphism and Enantiomorphism. Ex-

hibited by the Chemical Museum of New York Univer-

sity.
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13- Exhibits from the laboratorv of Columbia Univer-

sity by Professor C. E. Pellew and Dr. S. A. Tucker.

a. Calico Printing. The production of insoluble azo col-

ors in the cotton fibre.

b. Viscose. Exhibition of Process and Samples of the

new form of Soluble and Amorphous Cellulose known
as Viscose.

c. Electrochemistry. The Persulphates and Percarbonates

of Alkaline Metals, Prepared by Electrolysis of the

Normal Salts.

14. Exhibits from the Laboratory of the College of

THE City of New York.

a. Three different types of ray filters to contain either

liquids or gases and suitable for photographic or purely

chemical work. Exhibited by Dr. L. H. Friedburg.

b. Red sublimate of Nitro-diphenylamin and Yellow crys-

tals of quinone-oxim. Exhibited by Dr. L. H. Fried-

burg.

E
ELECTRICITY.

Ix Charge of Geo. F. Sever.

Exhibit of new Apparatus by Qiieen & Co. through Mr.

O. T. Louis.

a. Horizontal Mag^net D'Arsonval GalYanometer.

b. A new Automatic Self-Focusing Arc Lamp.

c. Acme Testing Set.

d. A complete 1 2" X-Ray Outfit with Self-Regulating Tube.

e. A new Lantern Galvanometer.

f, A new Portable Photometer.

g. A new Portable Cable Testing Galvanometer.
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2. American Apparatus for the Transmission of Signals-

AT a Distance avithout Wires. Marconi System.

Exhibited by Mr. W. J. Clarke.

3. Exhibit of new Electrical Apparatus by Prof. M. I.

Piipin.

a. Optical Telephone.

b. Induction Coil with 30" spark.

c. Electrical Oscillators for Selective Signalling.

d. Bridge for measuring phase retardation between current

and electro-motive force.

4. Method of Supporting Galvanometers to Avoid Vi-

brations. Exhibited by Electrical Engineering De-

partment, Columbia University.

5. Exhibit of Recent Electrical Apparatus by Mr. J. G.
Biddle.

a. 1898 Type Willyoung Induction Coil.

b. Willyoung Direct Reading Potentiometer.

c. The Rowland Electro Dynamometer.

d. The Rosa Curve Tracer for Alternatino: Current Curves-

ETHNOLOGY AND ARCHEOLOGY.
In Charge of Franz Boas and L. Fakrand.

1. Exhibit of the Jesup North Pacific Expedition.

a. Facial paintings of Indians of the North Pacific Coast.

Collected by F. Boas and L. Farrand.

b. The Prehistoric Races of southern British Columbia-

Collected by Harlan I. Smith.

c. Conventionalism among the Thompson River Indians.

Collected by James Teit.

2. Symbolism of the Huichol Indians of Mexico. Col-

lected by Dr. Carl Lumholtz and exhibited by the

American Museum of Natural History.
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Q
EXPERIMENTAL PSYCHOLOGY.

In Charge of Charles B. Bliss.

1. An AUTOMATOGRAPH WITH REGISTRATION ATTACHMENTS.
Exhibited by Mr. W. L. McWhood.

2. An Instrument for Studying the Discrimination of

Loudness of Sounds. Exhibited by Prof. J. McKeen
Cattell.

3. An Instrument for the Measurement of the Time of

Perception and Movement. Exhibited by Prof. J.

McKeen Cattell.

4. Vernier Chronoscope. Exhibited by Prof. Edmund C.

Sanford.

5. An Audiometer. Designed by Dr. J. A. Gilbert and ex-

hibited by Prof. Charles B. Bliss.

6. An Adjustable Stereoscope Card. Exhibited by Prof.

Charles B. Bliss.

H
GEOLOGY.

In Charge of Arthur Hollick.

1. Suite of European Clays and Kaolins and Objects

Showing Clay when Burned. Collected and ex-

hibited by Dr. Heinrich Ries.

2. Bauxites from Department of Herault in Southern
France. Obtained and exhibited by Dr. Heinrich Ries.

3. Copper Ores and Accompanying Rocks, from Otto
Shaft, Eisleben, near Mansfield, Germany. Col-

lected and exhibited by Dr. Heinrich Ries.

4. Specimens from the Salt Mines, Staasfurt, Germany.
Collected and exhibited by Dr. Heinrich Ries.
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5. Fuller's Earth from England. Collected and exhibited

by Dr. Heinrich Ries.

6. Bauxite from Styria, Austria. Exhibited by Dr. Hein-

rich Ries.

7. Specimens Showing Transition from Quartz-porphyry
TO Kaolin from Dolan, near Halle, Germany.
Collected and exhibited by Dr. Heinrich Ries.

8. Fulgurite. Summit of Little Ararat, Russian Armenia.

Collected by Dr. E. O. Hovey, Sept. 30, 1897. -^^"

hibited by Dep't of Geology, of American Museum of

Natural History.

9. Granites and Gneisses from Finland. Exhibited by

Professor J. J. Stevenson.

io.^Ores and Rocks from Pelican and Dives Mines,

Georgetown, Colo. Exhibited by Professor J. J.

Stevenson.

II. Photographs and Specimens Illustrating Recent
Experiments in Producing Compressions and Flow-
age of Marble Without Rupture or Destruction
OF Cohesion. Exhibited by Dr. F. D. Adams, Mc.

Gill University, Montreal.

1
2." Suite of Rock Specimens Illustrating the Recent

Petrological Work of Professor W. C. Brogger,

in the Vicinity of Kristiania, Norway. Exhibited

by Henry S. Washington, Locust, N. J.

13. Suite of Rock Specimens Illustrating Recent Petro-

logical Work of the Exhibitor Upon the Leu-

CITIC AND TrACHYTIC RoCKS OF THE ITALIAN PENIN-

SULA. Exhibited by Henry S. Washington, Locust,

N.J.

14. Exhibition of Models and Specimens by Professor J. F.

Kemp, Columbia University.

a. Model of the Franklin Furnace Zinc Ore-body, made

by F. L. Nason for the Lehigh Zinc Co.
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b. Suite of ofold-bearino: cono:lomerates from the so-called

"banket" reefs, near Johannesburg, South African

Republic. Collected by Mr. J. T. Curtis.

c. Specimen illustrating the cross-section oE a tin-bearing

pegmatite vein, Saxony.

d. Specimen illustrating the cross-section of the Half-moon

vein, Pioche, Nevada, collected by Mr. George W.
Maynard.

e. Model illustrating the Black Rock silver vein, Butte,

Mont., secured through the courtesy of Mr. W. D.

Thornton.

15. Geological Model of Nantucket Island. Exhibited

by the designer and maker, George C. Curtis.

16. Model of New York Island. Colored as to Geology

and exhibited by Dr. F. J. H. Merrill, of the New-

York State Museum.

17. Series of Geological Maps vShowing Recent Pub-

lished Results in the United States Geological

Survey, and Exhibited by the Same.

a. Pyramid Peak and Truckee, areal sheets.

b. Eranklin, Va., areal, economic and structure sheets.

c. Wartburg and Briceville, Tenn., areal and economic.

d. Peublo, Col., 8 sheets.

e. Butte Special, Mont., topographic and economic.

18. Set of Specimens. Exhibited by Professor R. E. Dodge,

of Teachers College.

a. Fault breccia from the Quarry Bed, Meriden, Conn.

b. Cinders from the Ash Bed, Lamentation Mountain,

Meriden, Conn.

c. Strain slip cleavage from Wallingford, Vt.

19. A Series of Andesites, Basalts, Tuffs, etc., from the
Anti-Caucasus Mountains and Russian Armenia,
collected in September-October, 1897, ^7-^* ^* Hovey,

and exhibited by the Geological Department, American

Museum of Natural Historv.
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MINERALOGY.

In Charge of Edmund O. Hovey.

1. Petrographic Instruments. Exhibited by the inventor,

Dr. T. A. Jaggar, Jr., Harvard University.

a. Microsclerometer, for determining exactly the hardness

of minerals under the microscope.

h. Instrument for inclining a preparation in the petro-

graphic microscope.

2. Models and Apparatus recently acquired by the Mineral-

ogical Department, Columbia University, and exhibited

by Prof. A. J. Moses.

a. Student Goniometer designed by Prof. P. Groth.

b. Model of Spherical Projection, Isometric Crystal,

c. Model of Spherical Projection, Triclinic Crystal.

d. Model of Positive Uniaxial Ray Surface.

e. Model of Negative Uniaxial Ray Surface.

f. Model of Biaxial Ray Surface.

3. Exhibit of Prof. J. F. Kemp, Columbia University.

a. Chalcanthite, Mt. Wilson, San Miguel County, Colo,

Collected by M. B. Spaulding.

b. Calaverite (?), inclosing Native Gold, Kalgoorlie, Wes-
tralia. Collected by G. J. Bancroft.

4. Exhibit of the Department of Mineralogy, American
Museum Natural History, through L. P. Gratacap,

a. Endlichite, Hillsboro, New Mexico.

b. Pollucite, Paris, Maine.

c. Hamlinite, Paris, Maine.

d. Montmorillonite, Paris, Maine.

e. Beryl, containing Ccesium, Haddam Neck, Conn.

f. Microcline, Haddam Neck, Conn.
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5- Exhibit of Prof. S. L. Penfield, Yale University.

a. Wellsite, Buck Creek, Clay County, N. C.

b. Bixbyite, on Topaz, Near Simpson, Utah.

c. Clinohedrite, Franklin, N. J.

d. Illustrations of some methods for mounting crystals.

6. Exhibit of Lazard Cahn, New York.

a. Herderite, Auburn, Maine.

b. Hamlinite, Oxford County, Maine.

c. Pollucite, Oxford County, Maine.

d. Montmorillonite, Oxford County, Maine.

7. Exhibit of Ernest Schernikow, Brooklyn.

a. Tourmaline Crystals and cross sections, Haddam Neck,

Conn.

b. Beryl, Haddam Neck, Conn.

c. Microcline, with muscovite and lepidolite, Haddain

Neck, Conn.

8. Exhibit of Dr. A. E. Foote, Warren M. Foote, Man-
ager, Philadelphia.

a. Crocoite, Western Tasmania.

b. Massicot, Western Tasmania.

c. Cerussite, Western Tasmania.

d. Gmelinite, Flinders, Victoria, N. S. W.
e. Mesolite, Flinders, Victoria, N. S. W.
y. Vivianite, Falls of Wannon River, Victoria.

g: Ferrocalcite, Near Melbourne, Victoria.

h. Phillipsite, Near Melbourne, Victoria.

I. Phacolite, Near Melbourne, Victoria.

J. Newberyite, Skipton Caves, near Ballarat, Victoria.

k. Stephanite, Lake Chelan District, Montana.

/. Endlichite, Hillsboro, New Mexico.

7n. Marcasite, Near Sparta, 111.

n. Roeblingite, Franklin Furnace, N. J.

o. Meteoric Iron (section), Sacramento Mountains, Eddy
County, N. M.

9. Exhibit of George F. Kunz, New York.
a. Celestite, Put-in-Bav, Ohio.
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b. Meteoric Iron, York County, Nebraska.

c. Sapphire Crystals,Yogo Gulch, Fergus County,Montana.

d. Rutilated Qiiartz, sphere 5}^ inches in diameter. New
Zealand. The property of the Tiffany Co.

c. Qiiartz (Rock Crystal), Mac Elumne Hill, Calaveras

County, Calif.

f. Tourmaline, Smoky Quartz and Graphic Granite, Mt.

Mica, Paris, Me.

10. Exhibit of A. Chester Beatty, New York.
Calaverite, Cripple Creek, Colo.

J

PAL/EONTOLOGY.
In Charge of Gilbert van Ingen.

1. Caudal Vertebra and Limb Bones of the Gigantic

Dinosaur Camarasaurus, Cope, Brontosaurus,

Marsh. Exhibited by Professor Henry F. Osborn,

Department of Vertebrate Palaeontology, American Mu-
seimi of Natural History.

2. Caudal Vertebra and Limb Bones of Diplodocus,

Marsh. Exhibited by Prof. Henry F. Osborn, of the

Department of Vertebrate Paleontology, American

Museum of Natural History.

3. Series of Feet and Skulls, Illustrating the Evo-

lution OF the Camels and Llamas in North
America. Exhibited by Dr. J. L. Wortman, Depart-

ment of Vertebrate Palaeontology, American Museum of

Natural History.

4. Skeletons of tpie Earliest American Ungulates—
Pantolambda and Euprotogonia. Exhibited by Dr.

W. D. Matthew, Department of Vertebrate Palaeontology,

American Museum of Natural History.

5. Restorations of Extinct Reptiles and Mammals.
Seven large water colors exhibited by Chas. Knight,

Department of Vertebrate Palaeontology, American

Museum of Natural History.



6. Models of Extinct Vertebrates by Chas. Knight,

cast by Jacob Gommel. Exhibited by the Department

of Vertebrate Palaeontology, American Museum of Natu-

ral History.

7. Series of Exhibits by Dr. Chas. R. Eastman, of Harvard

University.

a. Fin of new species of Cladodont Shark, from the Hamil-

ton group, near Buffalo, N. Y.

b. Photograph of Egg of Ostrich, Struthiollthiis cherson-

cnsis^ Brandt., from superficial (Pleistocene) deposits,

northern China.

c. Photograph showing variation in Dental Plates of the

Chimaeroid, Ptyctodes calcolus N. & W., from the

Devonian of Iowa.

d. Photograph of the remarkable Psammodont-Cochlio-

dont-Lung-fish, Syiithetodus. From the Upper De-

vonian (State Qiiarrv) Fish-bed, Johnson Co., Iowa.

S. Exhibit in Paleobotany by Mr. Arthur Hollick, of De-

partment of Geology, of Columbia University.

a. Fossil Plants from the Middle Cretaceous clays of Block

Island, R. I.

b. Samples of the Plant Bearing Basal clays. Middle Cre-

taceous, and the Superficial Bowlder-clays, Glacial, of

Block Island, R. I.

c. A new fossil Palm from the Yellow Gravel (Miocene .^)

of Bridgeton, N. J.

9. New Fossil Fungi, Preserved in Silicified Wood and
Exhibited under the Microscope, by Dr. A. A. Ju-

lien. Department of Geology, Columbia University.

a. In wood of the Petrified Forest, at Chalcedony Park,

Arizona.

1

.

Silicified fungus-spore, in act of sprouting.

2. Silicified bacteria. A chain of bacilli crossing lim-

pid quartz.

3. Silicified mycelium, branching along the walls of

the wood-cells, and secreting iron-oxide.
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b In wood of the Petrified Forest, near Cairo, Egypt.

1. Young sporanges on walls of the w^ood-cells.

2. Mature sporanges, enclosing spores.

3. Chain of sporanges.

PHILOLOGY.

In Charge of Lawrenxe A. McLouth and A. V. Williams

Jackson.

The exhibits in each language will represent all or part of

the following: heads:

1. Manuscripts.

2. Facsimiles of Manuscripts.

3. Editions—Old, Rare, or New.

4. Lexical and Grammatical Works.

5. Illustrative Material : Photographs, Engrav-
ings, Autograph Letters, Archaeological Re-

mains.

6. Journals and Periodicals.

A. Philology in General.

1. Some of the More Recent Works on the Subject.

2. Certain Results in the Field of Dialect Study in

America. Exhibited by Mr. E. H. Babbitt, Colum-

bia University (Secretary of American Dialect Society).

B. Special Languages and Literatures.

r. Indo-Germanic.

a. Indo-lranian. With the cooperation of Prof. A. V.

Williams Jackson and Mr. A. Yohannan, Columbia

University.

b. Armenian. With the cooperation of Mr. A. Yohan-

nan, Columbia University.
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c. Greek. With the cooperation of Professors E. D.

Perry and J. R. Wheeler, Columbia University, and

Prof. H. M. Baird, New York University.

d. Latin. With the cooperation of Professors E. G. Sill-

ier, New York University, and E. C. Egbert, Columbia

University.

e. Romance. With the cooperation of Professors H. A.

Todd and A. Cohn, Columbia University, and Prof.

W. K. Gillett, New York Universitv.

f. Germanic. With the cooperation of Professors W. H.

Carpenter and Calvin Thomas, Columbia University,

Prof. L. A. McLouth, New York Uni^'ersity, Prof. T. R.

Price, Columbia University.

2. Semitic.

a. Hebrew. With the cooperation of Prof. J. D. Prince

b. Aramaic, and Mr. Geo. Osborne, New York Univer-

c. Arabic. sity, and Prof. R. J. H. Gottheil, Columbia

University.

3. Other Languages.

a. American Indian. Dr. F. Boas, Columbia University.

1. An Indian Newspaper. Printed in Shorthand.

Edited by Rev. J. M. Le Jeune, Kamloops,

British Columbia. Exhibited by Dr. Franz Boas.

2. Indian Manuscript. Written by a half-blood In-

dian of Fort Rupert, B. C.

b. Chinese. With the cooperation of Prof. J. D. Prince,

New York University.

PHOTOGRAPHY.
In Charge of Cornelius Van Brunt.

I. Exhibit bv Mr. G. Gennert.

a. New developer, " Ortol."
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h. Zeiss telephoto lense, capable of doing instantaneous

work.

c. New Cycle and Hand Camera.

d. New Platini paper—producing Platinotype effects.

e. Series of framed prints, showing the work of Platini-

paper.

2. Exhibits of E. & H. T. Anthony & Co.

a. Farrand Vignetter.

b. New Dalmeyer Stigmatic lense, F. 6th Series, No. II.

c. Frame of Photographs, illustrating New Dalmeyer Stig-

matic lense combinations.

d. Frame of Photographs, illustrating American Aristo-

type paper—with new toner.

3. Exhibit of Bausch & Lomb Optical Co.

a. Iconoscopes—Three sizes.

b. Ray Filters— Styles A and B.

c. Zeiss convertable. Series VII. A, No. 8.—Lense with

diaphragm shutter and telephoto attachment.

d. Zeiss convertable, lense C, set with diaphragm shutter.

All manufactured by the above company.

e. Photographs, showing effects with and without " Ray
filter."

4. The Joly-Sambra Co., Montclair, New Jersey.

a. Demonstration of new color process by electric light.

b. Lantern slides and screens.

PHYSICS.

In Charge of Wm. Hallock.

1

.

Set of Photographs Showing Widening of Spectrum
Lines with Increase of Pressure. Exhibited by

Prof. J. S. Ames, Johns Hopkins University.

2. Photographs of Projection Lantern. Exhibited by

Prof. Le Conte Stevens, Trov, N. Y.
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3. Bheak-circuit Attachment for Pendulum. Exhibited

by Prof. W. Hal lock, Columbia University.

4. Pendulum, Adjustable Period. Exhibited by Prof. W.
Hallock, Columbia University.

5. Torsion Pendulum of Adjustable Period. Exhibited

by Prof. W. Hallock, Columbia University.

6. Improved Apparatus for Determining Battery Re-
sistance ; Mance's method. Exhibited by W. S. Day,

Columbia University.

7. Photographed Micrometer Ocular. Exhibited by Wal-

lace Goold Levison.

S. Apparatus for Showing Phosphorescence. Exhibited

by Wallace Goold Levison.

9. Stremmatograph and Records. Exhibited by P. H.

Dudley.

10. Simple Photospectrograph with Negatives. Ex-

hibited by F. L. Tufts, Columbia University.

11. Bausch & LoMB Microscope Stand with Special Arm
FOR MiCROMETRic MEASUREMENTS. Exhibited by P.

H. Dudley.

12. New Form of Thermometer for Subterranean Tem-
perature Work. Exhibited by Prof. W. Hallock,

Columbia University.

1 3

.

Series of Lantern Slides Illustrating a New Method
OF Coloring by which Uniformity of Tint and
Definition of Outline is Obtained. Exhibited by

C. C. Trowbridge, Columbia University.

14. Set of Scales Provided with Different Types of

Vernier, used in the Physical Laboratory, Columbia

University. Exhibited by C. C. Trowbridge and H. S.

Curtis, Columbia University.

15. Schone's Apparatus for Mechanical Analysis, and
Specime?^s Tested by it. Exhibited by Dr. H. Ries,

Columbia University.
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1 6. Porcelain Mill for Grinding Clay and other Soft-

Minerals. Exhibited by Dr. H. Ries.

17. Suite of Specimens Showing Shrinkage of Clay at

Different Temperatures. Exhibited by Dr. H. Ries.

18. AUDIMETER for THE MEASUREMENT OF THE SENSITIVE-

NESS OF THE Ear. Exhibited by Prof. Alfred G. Comp-

ton, Department Applied Mathematics, College of the

City of New York.

19. Calorimeter for Liquids. Exhibited by R. L. Litch,

Princeton University.

20. Waterman Calorimeter. Exhibited by Prof. F. A.

Waterman, Smith College.

21. Special Electrical Apparatus. Exhibited by J. E.

Moore, Princeton University.

22. Photographs Showing the Penetrability, the Path
AND THE Refraction of Roentgen's Rays, by A.

Bourgougnon.

N
PHYSIOGRAPHY.

In Charge of Robert H. Cornish.

1

.

A Series of Three Models of Typical Land Forms, de

signed and modeled by Prof. W. M. Davis and G. C.

Curtis, and exhibited by the Harvard Geographical

Laboratory.

2. A Model Showing Sea Coast Characteristics. Exhib-

ited by the designer, G. C. Curtis.

3. Model of the State of New York. Executed under the

direction of the New York State Museum, and exhibited

by the same, through Dr. F. J. H. Merrill, Director.

4. Model OF THE Catskill Mountains. Executed under the

direction of the New York State Museum, and exhibited

by the same, through Dr. F. J. H. Merrill, Director.

5. Model of New York Island, Showing Topography in

1776. Exhibited by the New^ York State Museum,
through Dr. F. J. H. Merrill, Director.



6. Exhibit of Recent Topographic Maps, made and loaned

by the United States Geological Survey, Washington^

D. C.

a. Vicinity ot Lake George.

b. Mohawk Valley.

c. Platte Valley, Nebraska.

d. Drumlin Area of Wisconsin.

e. Progress Map, New York and New England,

7. Numbers 36 and 37 of Holzel's Geographische Char
AKTERBiLDER. Loaned by the Teachers College.

S. Two Transparencies for Teaching Astronomical
Geography. Published by the Century School Supply

Co., and loaned by the Teachers College.

9. Panorama of Crater Lake, Oregon. Photographed and

exhibited by Prof. F. E. Lloyd, of Teachers College.

Note.—The more recent books in Physiography and the topographic

maps of New York State thus far published are exhibited on a table.

O
ZOOLOGY.

In Charge of E. B. Wilson.

1

.

Illustrations of the Fauna of Bermuda. From col-

lection made in June, 1897, by the New York Univer-

sity Alumni Expedition. Exhibited by Prof. C. L^

Bristol.

2. Illustrations of Nemertean and Enteropneustan
Fauna of Puget Sound. Exhibited by B. B. Griffin.*

a. Carinella sexlineata n. sp. (fragments).

b. Carinoma mutabilis n. sp. type and var. ai'gilUna with

piece of clay in which latter lives.

c. Einplectonejna viride Stimpson (a few individuals from

San Francisco, showing lighter hue of written speci-

mens) .

* Owing to Mr. Griffin's death this exhibit could not be prepared.
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d. Cerehratulus ma7'ginatus Renler and C. sp.

e. Amphipoms^ several species.

f. Ptychodera sp.

3. Preparations Illustrating Developmental Stages of

THE Cranium and Clasping Organs in the Chim-

^ROiD, Hydrolagus colUei. Material from the Puget

Sound expedition of 1896 of the Zoological Department

of Columbia University. Exhibited by R. W. Shearman.

4. a. Developmental Stages of the Australian Lung-
fish, Ceratodus forsteri^ collected near Gayndah,

Qiieensland.

b. Larv.e of Eels— Congej'^ Congei'murcEiia^ Angzt-

illa—from Strait of Messina. Received through Pro-

fessor Lankester from Professor Grassi. Exhibited by

Dr. Bashford Dean.

5. Effects of Light of Different Colors Upon Pro-

toplasm. Exhibited by N. R. Harrington and E.

Leaming.

6. Exhibition of Teaching Preparations by B. B. Griffin.

Development stages of

:

a. Petromyzon ; b. Shark ; c. Skate ; d. Lepidosteus ; e.

Accipenser; f. Amia
; g. Amiurus ; h, Necturus ; i.

Frog; j. Lizard.

7. Grafting Experiments upon Moths. Compound pup^e

and compound adult moths, illustrated by photographs

and specimens. Exhibited by H. E. Crampton, Jr.

8. Slides Illustrating the Origin of Nuclei in Proto-

zoa. Exhibited by G. N. Calkins.

a. Monad ( Tetramitus) with distributed nucleus.

b. Monad ( Chilo7no7tas') with intermediate type of nucleus.

c. Euglena vii'idis^ with complete nucleus in early stage

of division.

d. Euglena viridis^ with nucleus in anaphase of division.
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9- Preparations Illustrating the Development of Sper-
matozoa IN THE Hemiptera. Exhibited by F. C.

Paulmier.

10. Preparations Illustrating the Development of the
Spermatozoa in Amphibia. Exhibited by J. H.
McGregor.

1 1

.

Preparation showing Alveolar Structure of Pro-
toplasm IN THE Egg. Exhibited by Prof. E. B.

Wilson.

12. Serial Sections of the Head of young Dog-fish
(^Squalus acantJiias') . Prepared for the study of the

Cranial Nerves. Exhibited bv Dr. O. S. Stronsf.

13. Sections of Growing Eggs of an Ascidian, Molgula
fnanhattensis^ Illustrating the Formation of the Albu-
minous Food-material or Yolk. Exhibited by H. E.

Crampton, Jr.

14. Peculiar Stages in the Maturation and Fertiliza-
tion OF THE Egg of an Ascidian, Molgula luaiihat-

tensis. Exhibited by H. E. Crampton, Jr.

15. Exhibit of Cytological Preparations, by Francis B.

Sumner.

a. Fertilization stage of Fundulus heteroclltus. Entrance

of spermatozoon.

b. Abnormal amphiaster in periblast of Ainiurus. A nu-

clear division with no nucleus present.

c. Degenerate mitoses. Transition to amitosis.

16. Maps and Designs of Buildings of New York Zo-
ological Society. Exhibited by Prof. H. F. Osborn
and W. T. Hornadav.
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