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Introduction

In studying the phylogeny of Paleozoic crinoids, the worker is greatly

hampered by the difficulty of obtaining information about the early stages

in ontogeny. By the time the young crinoid is sufficiently calcified to be

preserved in the fossil state, the calyx has nearly, if not quite, all the

plates which are to be present in the adult. This fact is illustrated by

a calyx of Batocrinus svhrpqnal'is only 4 millimeters in height which pos-

sesses all the plates of the adult, with the full number of arms and a

well-developed tegmen and anal tube. The present paper is concerned

with results which were obtained from a study of adult, or of late neanic

stages of camerate crinoids.

In order to determine the exact amount and character of the varia-

tion occurring in the number and arrangement of calyx plates, about one

hundred specimens of Batocrinus and Cactocrinus were examined and

the position of each plate carefully recorded. From this investigation, it

was found that there is very little variation in the plates concerned in the

sujiport of the anus. In the specimens of Cactocrinus examined, the only

variation in the radial series was found to be due to the presence of an

extra arm or one arm less than the normal number for the ray, necessi-

tating a greater or smaller number of plates in the calyx. In each case,

the plates present followed the normal order for a similar ray or half ray

'
MiiniiKcript rpceivtvl liv tlu» Krtitor. 4 I'obniarv. 1014.

(1)
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in another species. In I'xihiinmus. the nmst
t'i-c(|ii('iit

vnrialion in the

radial series was (hie to the absence of tiie first costal, or rarely, to the

presence of an extra distichal below the axillary one. A greater amount

of variation occurs in the number of interbrachials, as these are simply

space fillers, and iIhmi- number depends mainly on the relative height and

width of the cu]). The most marked variatixjn^ was found in the anal area.

Of the seventy-live specimens of Halu<rinus studied, Idiii- had two plates

in the second row of the anal series, as in the Ai'linocrinida'. and one of

twenty-five specimens of Cactocrinus had three plates in the second row,

after the manner of the Ratocrinida". As will be readily seen, this amount

of variation furnishes little evidence which can be used for working out

phylogeny, except in the most general way.

The ornament' on the surface of closely related species differs in degree

rather than in kind, and hence does not show changes sufficiently definite

to furnish satisfactoiy results.

The stems of crinoids often show very definite and well-marked changes

from the proximal to the distal portion, but it is so comparatively rare to

find the crinoid stems intact for any considerable distance from the calyx

that they are only occasionally helpful.

A study of crinoid arms has shown that in some genera, at least, more

satisfactory results may be obtained. It has long been recognized that

the uniserial condition at the base of many arms which later become

biserial is reminiscent of ancestral species whose arms were uniserial

throughout. Applying the same principle to other characters, it is be-

lieved that changes in the form and ornament of the arm are indications

of changes through which the ancestors of a species have passed and that,

taken in connection with other characters, they may bo used to determine

the phylogeny of the group to which the species belongs. This method of

study will obviously be most useful in genera having highly modified

arms, and the genus Cactocrinus has furnished the material upon which

the present paper is based. No single character can be used alone in

working out relationship, and in this study constant reference has been

made to the characters of the calyx as well as of the arms. The columns,
in nearly all the specimens available for study, were not presented-

In the descriptions of species of Cactocrinus which follow, a reference

is given to the original description and to a later full descri])tion and fig-

ures. Only such facts are added here as have a bearing upon the present

investigation, except in the case of new species and Cactocrinus prohosci-

(JaJis. which may be used, as a standard of comparison for other species

and is fully described.
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Description of Cactocrinus and Six Species of the Genus

Cactocrinus Wachsmuth and Springer

1897. Cactocrinus Wachsmuth and Springer, North American Crinoidea

Camerata, p. 600.

The species included in the genus Cactocrinus were, with few excep-

tions, originally descrihed under the genus Actinocrinus. and for the

present purpose, the genus is sufficiently defined by enumerating the fea-

tures by which it is distinguished from' Actinocrinus. The most notice-

able of such distinguishing characters seems to be the arrangement of the

arms, which form a more or less continuous row around the calyx ; that is,

the interbrachial and interambulacral plates do not meet between the

arms as is the case in Actinocrinus. Another distinguishing feature is

that, in species having more than foiu- arms to the ray, the third bifurca-

tion takes place on the second or third plate above the distichals in Acti-

nocHnus. while the axillary palmar immediately follows tlie axillary

distichal in Cactocrinus. The two genera are also said to differ in the

structure of the pinnules, but the spines on the proximal pinnules of

Cactocrinus are represented also on many species of Actinocrinus. as well

as on other genera as far removed as Dorycrinus and Eretinocrinus.

Hence this cannot be used as a distinctive feature.

The type of the genus is Cactocrinus prohoscidalis (Hall).

Cactocrinus prohoscidalis (Hall)

Plate I, fig. 1 ; plate II, figs. 1, 2, 2a, 26

1858. ActinocrinuH prohoscidalis Hall, Rept. Geol. Surv. Iowa, Vol. 1, pt. 2,

p. .^)84, pi. 10, fig. 13.

1897. Cactocrinus prohoscidalis Wachsmuth and Springer, North American
Crinoidea Camerata, p. 601, pi. 58, figs. .3, 4, 5, 6, 7 a-d.

The calyx of this species has a width slightly greater than its height.

There are, as usual in the genus, three basals, five radials and five each

of first ahd second costals. The axillary distichals rest directly upon the

second costals, and each of these gives rise to two arms, making four to

the ray. The surface of the calyx is ornamented by a node at the center

of each plate from which simple carinas radiate across the margins and

become continuous with the caringe from adjacent plates. The entire

surface of both cup and arms is covered with extremely fine granules.
The arms are long, three or four times the height of the calyx. Be-

yond the first palmars, from one to three plates pass entirely across the

diameter of the arm, hence the biserial condition is attained early in this
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species. In form, the arms arc cylinflrical at the base, but at a distance

from the base varying from the third to the tenth plate, they become flat-

tened laterally, and the individual plates are elongated, producing a

marked expansion of the arm at about half its height which may be taken

to represent the adult stage. Beyond this, the arm tapers- gradually to a

point, at the same time becoming more nearly circular in cross section

than at its middle portion. In the growth of the crinoid arm, new plates

are formed at the tip, and these small, nearly cylindrical plates are in an

immature condition. Their resemblance in fonn to the plates near the

base of the arin probably indicates that they are passing through a stage

comparable to an early stage in the development of the entire arm. That

such localized stages occur in other genera has already been pointed out

by Grabau.-

Immature plates were observed only in Cactocrimis prohoscidalis and

C. haccaiun. Others of the species studied had the arms strongly in-

curved and the tips concealed by the matrix, except in the C. multi-

hrachiatns series where the arms were imperfect at the ends.

Each plate of the arni of (\ prohoscidaJis bears a distinct transverse

ridge running the entire widtli of the plate and situated about one-third

of its height from the upjier margin. The ornament a])pears on early

plates, at distances from the base differing somewhat in different speci-

mens, and continues to the extreme tip of the arm. The proximal pin-

nules, as in other species of the genus, bear strong overlapping spines.

C^olumn cylindrical. 'I'he proximal nodals project but slightly beyond
the internodals, but at a distance of about 20 millimeters from the calyx,

the nodals have twice the diameter of the internodals and have their

margins extended into a thin, knife-like edge. At a distance of 85 milli-

meters from the body, the n\nnber of intercalated plates has increased

•Qntil there are seven between successive nodals. and at this point the

nodals have blunt margins projecting but little beyond the internodals.

Tegmeii moderately high, covered with numerous nodose plates. Anal

tube long and slender.

Horizon and locality: T.owcr Bnrlinfitou liinostone, Burlington, Iowa. No.

415. Musouin of ConiiiMrative Zoology oollection.

' Cactocrinus baccatus sp. nov.

Plate I. fig. ."i: plate TT. figs. .3, 4. 4a, 4?)

Calyx similar to that of CuctdcririuK prohnxridaUa in form. Rasals variable

in size, .sometimes minute with the calyx resting upon the radials, sometimes
as large as in Cactocrinu.<< prohn-tcidaliH.

»A. W. Grabac : Amer. .lonr. Sii.. 4th ser.. Vol. 16, pp. 289-300. 1903.
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In arrangement of the plates and surface ornament, this species does not

differ essentially from C. proboscidalis, there being the usual number of plates,

five basals, five each of radials, first and second costals and ten axillary dis-

tichals each of which bears two arms, making four to the ray. The arms of

the two species are similar in form, being cylindrical at the base, strongly

flattened laterally throughout the greater portion of their length, tapering

and becoming more nearly cylindrical near the tips. The most characteristic

difference is in the ornament of the arms, for while the arm plates of C.

proboscidalis bear a single transverse ridge throughout, the arms of G. baccatus

have this simple ridge only near the base of the arm. At a distance from the

base varying from 6 to 20 millimeters in different specimens and varying to

some extent in different arms of the same specimen, the transverse ridge is

broken up into a row of small nodes of which there are five or six on each

plate at the greatest diameter of the arm.

The column was not preserved with any of the specimens found.

Horizon and locality : Lower Burlington limestone, Burlington, Iowa. No.

558, Museum of Comparative Zoology collection.

Cactocrinus platybrachiatus, sp. nov.

Plate I, fig. 2 ; plate III, figs. 1, 2, 2a, 2b

The basals of the only specimen representing this species are not preserved.

Of the plates above the radials, only those of two rays and one interradial

area are preserved. Their arrangement seems to be the same as that usual in

the genus for five or six armed rays ; that is, in one of the half-rays present,

the axillary distichal is followed, without intervening plates, by an axillary

palmar which gives rise to two arms. The palmar resting on the other axillary

face of the distichal bears one arm giving three arms to this half ray. The
same arrangement is seen in another half ray, but whether there were two or

three arms in the other half of the same ray cannot be determined. There is

one small interdistichal, and the formula for the interbrachials is 1, 2, 2, 1.

The ornament on the calyx is essentially the same as that of Cactocrinus

proboscidalis, but since there are more plates due to the greater number of

arms, and a ridge crosses each suture line between the plates, the costse ap-

pear more crowded than on the latter species. The node at the center of each

plate is also less prominent.
The arms are cylindrical near the base but expand rapidly in the median

portion. They are flattened laterally but less strongly so than the arms of

Cactocrinus baccatus. The form of the arms changes gradually, until in the

upper portion they are flattened dorso-ventrally. Their tips are incurved

toward the anal tube and buried in the matrix. The biserial condition is at-

tained early, only one or two plates at the base passing entirely across the

arm. The surface of the arm is smooth at the base. A little later a transverse

ridge appears which soon breaks uj) into a row of nodes like those of Cacto-

crinus baccatus. This type of ornament persists for the greater portion of the

length of the arm. but by the time the dorso-ventral flattening is established,

some of the lateral nodes become confluent, reducing their number until there

are but three on each plate, and on some of the latest plates visible, there are
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ouly two, a shorter node uear the median line of the arm and an elongated

one placed laterally.

The column is unknown.

IToKizoN AND locality: Lower I'.urlinKton limestone, P.urlington. Iowa. No.

HGS, Museum of Coiui>arative Zoillogy collection.

Cactocrinus platijhrachialus is distinguishccf from C. baccatus by the

greater number of arms, the dorso-ventral flattening of the arms and the

confluence of their surface nodes in the upper part of the arm, probably

representing a late stage of develo])nicnt. It is distinguished from C.

reliculalus by tlie many nodes on the ai'ms at the maximum differentia-

tion in structure, rei)resenting the adult stage, the less strongly flattened

arms and the absence ot lateral spines on the arms near their tips.

Cactocrinus reticulatus (Hall)

Plate III, ligs. :;, 4, 4a, 4b, 4c

1861. Actinocrinus rrticultitus Ilali, Description of New Species of ("rinoidea,

I'reliminary notice, p. 2.

1897. Cactocrinus rcticuUitux Wachsmuth and Springer, North American

('rinoidea C^amerata. p. (tcri. pi. ."s. tigs. 2(;, 2h.

The arrangement of the calyx plates in this species is somewhat vari-

able, owing to the fact that it has sometimes five and sometimes six arms

to the ray. Of six specimens selected at random, three had 28 arms, one

27, one 24 and one 22 arms. When there are five arms to the ray, it is

always one of the median palmars which is axillary and bears two arms,

while with six arms to the ray, both median palmars become axillary and

the lateral pahnars bear a single arm. On the calyx of large individuals,

the prinuiry costae are sometimes bordered by a second series producing
a smaller triangle within a larger one. The nodes at the centers of the

plates are inconspicuous or sometimes absent.

In form, the arms are cyliniirical at the base, but soon their plates are

elongated as in Cactocrinus prubo.scidalis (see Plate II, fig. 1). A little

later, the plati^s are curved, forming an arm equal in lateral and dorso-

ventral diameters. At a slightly higher point, the arms are flattened

dorso-ventrally, and the latest of the exposed plates are strongly flattened

in the same direction. The ornament begins on the early plates of the

arm as a strong transverse ridge or elongate node near the lateral margin,
and a few plates later, a new node appears near the median line of the

arm. As growth continues, these two nodes appear on successive plates
nearer and nearer to the lateral margin, and when they have receded far

enough to leave a jilain space near the iiKMJiaii line, a new node appears in
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that position. This node continues to increase in size at the same time

that the lateral node diminishes. Later, as the arm approaches its dorso-

ventrally flattened form, the lateral node disappears, the former median

node is elongated into a projecting spine and the newly introduced median

node is now a prominent feature of the ornament. The remainder of the

arm is incurved and buried in the matrix, hence the character of the

latest formed plates is unknown.

The column is not preserved on any of the specimens at hand.

HoEizoN AND ix)CAi.iTY : IjOwer Burlington limestone, Burliug1:ou, Iowa. No.

527, Museum of Comparative Zoology collection.

Cactocrinus denticulatus Wachsmuth and Springer

riate IV, figs. 1, la, 2, 2a, 2b

1897. Cactocrinus denticulatus Wachsmuth and Springer, North American

Crinoidea Camerata, p. 606, pi. 57, figs. Tk;. 5h.

Caciocrinus- denticulatus is closely related to C. reticuJatus. The ar-

rangement of the calyx plates is the same, except that in C. denticulatus

six arms to the ray form a constant feature necessitating a greater num-
ber of plates for their support. The ornament is somewhat more elabo-

rate from the fact that small nodes are present on the costae of the upper

part of the calyx, and these sometimes extend as irregularly placed nodes

over the base of the arms.

The arms pass through the same series of changes in form as those

described for Cactocrinus reticidatus, except that the early condition with

elongat-e plates is not present, and the successive changes up to the dorso-

ventral flattening appear at a relatively earlier period in the development
of the arm than in the preceding species. The latest exposed plates of

the arm have a more extreme form than the corresponding plates of C.

reticuJatus. They are more strongly flattened dorso-ventrally, have longer

spines, and the nodes are so high and pointed that, in some specimens,

they might almost be called spines. Still further differences appear in

the lateral spines, which are often alternately longer and shorter, and
when this is the case, the nodes also alternate in size, the larger node

occupying the plate with the shorter spine. This alternation in size of the

spines and nodes is not perfectly regular, but it is a pronounced tendency
which manifests itself to some extent on all the specimens studied. The
nodes are not, as in tlie preceding species, close to the median line but

have receded to some distance from it.

The column is missing from all the specimens studied.

HoHizoN AND LOCALITY : Lower Burlington limestone, Burlington, Iowa. No.
r»34, Museum of Comparative Zo()logj' collection.
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Cactocrinus opusculus (Mall)

Plate I, fig. 4; plate IV, figs. 3, 4, 4o, 4b, 4c, 4d

I860.' A cHnocrinut opugrulus Hftll. Suppl. (Jeol. Kept. Iowa, see description of

pi. L'.

1897. Cactocrinus opunculus Waclismuth and Springer, Nortli American Crinoi-

dea Camerata, p. 607, pi. 56, figs. 5a, r}b.

The calyx of this species bears a close resemblance to that of Cacto-

crinus reticulatus, except in the greater number of plates necessary for

the support of six anns to the ray, which is the normal number for C/.

opusculus. The surface of the calyx is ornamented by a single node at

the center of each plate with connecting carinse^ as in C. reticulatus.

At the base, the arms are, as usual in the genus, cylindrical and smooth,

but they soon become flattened laterally, as in C. prohoscidalis, and in

retarded specimens bear the strong transverse ridge on the arm plates

characteristic of that species. One specimen retains the C. prohoscidalis

type of ornament for 35 or 30 plates, while in accelerated individuals this

condition is represented by only 2 or 3 plates, or may be absent altogether.

In average individuals, at a distance from the base varying from the

tenth to the twentieth plate, a slight angulation appears on the arm near

the median line. This slight elevation increases in size on succeeding

plates until it foruis a distinct node. At the same time, it recedes far-

ther and farther from the median line. The lateral node continues to

increase in prominence until it Ixicomcs a distinct sj)iiu', and accoTn})any-

ing this change in the node, and partly in consequence of it, the form of

the arm changes until it is strongly flattened dorso-ventrally. Mean-

while, another row of nodes has come in close to the median line on each

side, as in Cactocrinus reticulatus. At the highest point observable the

arm is strongly flattened dorso-ventrally with a row of spines along each

lateral margin and a row of nodes on each side of the median line.

From the lime the angulation appears until it develops into a distinct

node, the surface of the plates is distinctly corrugated, although the

strength of the corrugation varies greatly in different specimens. The

specimen figured in Plate 1. fig. 4. and Plate IV, fig. 3, is a highly accel-

erated individual showing all the characters at the acme of their develop-

ment.

Horizon and locality : liowor Turlington limestone, Burlington, Iowa. No.

523, Museum of Comparative Zoology collection.
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Comparison of the Pkeceding Six Species

A study of the first five of the species just described shows a series of

gradations in structural characters which is here interpreted to mean that

they form a continuous phylogenetic series in which the tendency of

evolution has been from the simpler forms to the more complex.

Throughout the comparisons which follow, changes in structural fea-

tures are assumed to represent stages in development, and the complete

series of such changes to express the evolution of the arm as a whole.

The calyces from Cactocrinus proboscidalis to C. deuticulatus show a

progressive increase in the number of features to be considered. The

greater number of calyx plates is due to the increase in the number of

arms developed, from four in C. proboscidalis to six in C. denticulatus.

The elaboration of surface features is expressed in additional carinas and

fine nodes covering them in C. denticulatus.

The arms furnish more conclusive evidence of relationship. In study-

ing the arms of crinoids, we have to consider several distinct characters,

such as the stage at which the biserial condition is introduced, the form

of the arm as expressed in its transverse section, the thickness of the in-

dividual plates and the surface features or ornament of the arms. Each

of these characters may develop at a different rate of evolution in differ-

ent specimens or even in different arms of the same specimen, but in the

same phylctic series new features for each will appear in the same order

but not, as already stated, necessarily at the same time. For example, we

may find in one arm of Cactocrinus denticulatus the median row of nodes

well developed on the twenty-fifth plate, while in another arm they are

not distinct until the thirty-fifth. The lateral row of nodes may be de-

veloped on the sixth plate or not until the fifteenth plate, but the median

row never appears before the lateral row.

Comparing the arms of the five species in detail, we find that Cacto-

crinus proboscidalis has a laterally flattened arm with simple transverse

ridge. C. baccatus retains the same form and, according to the interpre-
tation of the facts here given, passes through the same early stages as its

ancestor, C. proboscidalis; that is, first cylindrical, then laterally flattened

with a transverse ridge on each plate, but this species goes a step farther

in the breaking up of the transverse ridge into a row of nodes. In both

these species, the arms taper to a point. The arms of C. platybrachiatus

pass through the same early stages as its ancestors, repeating the trans-

verse ridged stage of C. proboscidalis, the nodose stage of C. baccatus and

adding a feature of its own in the confluence of the nodes at a late stage of

development. In form, the arms present entirely new features in their
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oxpaii.-ion Ileal- tlir |)uiiit
(if ciij-Nal lire and tticir dorso-vcntral flattening.

In till' aims of ('. rd iiiihil us. ilic stage of the cylindrical snioulli arm is

followed 1)\ one ill which each |date bears a short jjroniiju'iit ridge ni-ar the

lateral margin which i> helieved lo represent tlie eonHnent nodes of its ;in-

eestor, now reduced to one elongate node, or short ridge, placecl close lo tlu:

lateral iH\<rp of the jdate. A i'ew plates later/a^rnall node appears near the

median line. This stage is represented on Plate 111. fig. .'!. In successive

plates (tf the arm, these two nodes api)ear nearer and nearer to the lateral

margin until a plain s]»aee is left into which a new row of nodes is intro-

duced near the median line. The median nodes increase in streng-th, while

the (Uiter ones diminish in size as they recede toward the lateral margin

until they disappear. Meanwhile, the form of the arm has changed, be-

coming flattened dorso-ventrally so that the former median node occupies

the lateral margin and is elongated into a. spine. The line of nodes of

latest origin remains near the median line. These changes are illustrated

on Plate 111. figs. ;5, 4. \a-\c. It thus appears that, in this group at least,

new features arise near tlie median line of the arm and on successive

plates seem to moNc laterally until they disappear and are replaced by

features of later origin. This fact has led to the conclusion, stated above,

tliat the elongate node on early plates of Cactocritnis rcfii ulaliis repre-

sents confluent nodes in a late stage of their evolution and soon to disa])-

pear, rathei" than that it has any relation to the transverse ridge present in

early stages of its predecessor, C. plali/hrarhiaius. The smooth space thus

left on the nie<lian half of the plate, in the preceding species, becomes a

field for the introduction of new features which appear successively as

lines of nodes.

In the aiMii (d' <'. dciiluiihil us. the earliest stage to appear is that with

an elongate node and a shorter one. both near the lateral margin of the

plate. The ancestial features are, in this species, somewhat obscuicd by
the presence, on early plates, (d' nodes which are the continuation over

the base of the arms of the irregularly ])laced nodes present on the calyx

of this species. They constitute a feature of later origin qnite distinct

from the two nodes near the lateral margin of the* arm plates. These

irregularly placed nodes are present only on early plates of the arm, and

by the time the eighth plate is reached, they have disappeared, as shown
on Plate IV, fig. 1 . The two nodes remaining after the disappearance of

the irregularly phn vd nodes are, in the specimen figured, sharply pointed,
but this is not a constant feature for the species. Beyond this point, the

evolution of the arm for the greater portion of its length is the same as

that described for C. rclkulaius, except that it is more accelerated, new
features appearing at an earlier poricMl than in the latter .species. The
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final stage in the evolution of the arm of C. den I leu la I us is more extreme

than that of C. retkulaius in that the arms are more strongly flattened,

the spines are longer and there is an alternation in the size of both spines

and nodes. The lateral movement of surface features is further illus-

trated in this species by the fact that on the latest plates observable, the

line of notles last introduced does not remain near the median line as on

C. reticulatus but has receded to some distance from it.

This series of five species of crinoids appears to constitute an excellent

illustration of the principle of recapitulation, each member repeating the

life history of its ancestor until, in the later members, early stages are

crowded out of the ontogeny to be replaced by characters of later origin.

Cactocrinus opusculus, the sixth of the species described above, bears

a strong general resemblance to C. reticulatus, but it has always six arms

to the ray and consequently more plates in the calyx. The arms at the

latest stage observable are closely similar to those of C. reticulatus at the

same stage, but they have arrived at this condition along a different path

from that traversed by the latter species, as shown by a comparison of the

figures on Plate IV, fig. 3, with those on Plate III, fig. 3. The early stages

lack the strong lateral node seen on C. reticulatus, and there is no indica-

tion in the ontogeny of the species that it has passed through the stage

with rows of nodes present on C. haccatus and C. platyhi-achiatus. C.

opusculus seems to have been descended from C. prohoscidalis but as a

lateral branch, following a different line of evolution from that of the

C reticulatus series. The resemblance between the final stages in the

arms of C. opusculus and C. reticulatus may be considered a case of

parallelism.

Another line of evolution from C. prohoscidalis, divergent from that

of the reticuJatus series, is represented by C. clarus. This species closely

resembles C. prohoscidalis in the calyx and in the strong lateral flatten-

ing of the arms, but it is a much larger species and has five or six arms

to the ray. The arms have on their early plates a transverse ridge which

is strong near the lateral margin and is faint or absent near the median

line. On successive plates this ridge becomes shorter and shorter, i. e.,

apparently moves laterally on the arm like the nodes of C. reticulatus

until, between the thirtieth and fiftieth plates, it disappears altogether,

and the arm plates are smooth. These facts are here inteipreted to mean
that C. clarus is descended from C. prohoscidalis but diverges from other

lines of descent in the direction of loss of the ornamental feature repre-

sented l)y tlie transverse ridge.

Having followed certain lines of descent from Cactocrinus prohosci-

dalis, it would be interesting to trace its ancestry, but I have, as yet, seen
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no specimen which seems to fulfil all the requirements for such an an-;

cestor. We may, however, reasonably infer what were some of its char-

acteristics. The arrangement of the calyx plates was probably the same

as that of C. proboscid^lis, and the plates were nodose, either with or

without connecting carina). The arms were cylindrical, smooth, tapering
at the tips and the biserial condition was attained late, i. e., more than

two or three plates passed entirely across the diameter of the arm. Such

an ancestor would be expected to occur in strata older than those con-

taining C proboscidalis, and we should naturally look for it in the Kin-

derhook, but the species of Cactocrinus recorded from tlie Kinderhook,

C. nodohracliiatus, C. ornaiii^simus and C. arnoldi, have ornamented

arms of a type quite different from those of C. proboscidalis or any of its

descendants. This indicates that the ancestor of Cactocrinus must have

lived at a period considerably earlier than the Kinderhook.

Cactocrinus thetis, of the Lower Burlington, has arms which in form

and surface are like those of the hypothetical ancestor of C. proboscidalis,

but they are biserial almost from their point of origin, and there are six

arms to the ray, while C. proboscidalis has but four. C. thetis was prob-

ably descended from the same ancestor as C. proboscidalis, but while the

latter has developed in the direction of surface ornament and modifica-

tion in the form of the arms, C. thetis has been retarded in surface orna-

ment and has advanced in the direction of number of arms and in the

early attainment of the biserial condition. The two species represent

divergent lines of evolution.

Another species of Cnctocrintis whicli probably occupies a relation to

C. proboscidalis similar to that of C. thetis is C. thalia. The latter spe-

cies has long, slender, cylindrical, smooth arms, only four to the ray, but

it does not seem to be an ancestor of C. proboscidalis, since it is a larger

species with longer and more slender arms which become biserial at an

earlv stage."{s"-

Cactociunus MUL'i'ii;uA(iiiATi;s Si';i!ii:s

Cactocrinus multibrachiatus (ITall)

1858. Actinocnnus multibrachiatus Hall, Rept. Geol. Surv. Iowa, p. 580, pi. 10,

fig. 10.

1897. Cactocrinus multihrnchiatns Wadisinuth and Springer, North American

Crinoidea Camerata, p. 617, pi. ,56, tigs. 6, 7 ; pi. 58, fig. 8.

The calyx of this species resembles that of C. proboscidalis except in

the greater number of plates necessary for the support of eight arms to

the ray, this being the normal number for the species, although a smaller
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number is frequently present. The post-palmars, palmars and axillary

distichals rest one upon another without intervening plates, following the

usual plan in the genus Cactocrinus. The nodes at the centers of the

plates are not prominent, and the costaa are simple, except on the lower

half of the radials, where there are sometimes two or three passing to the

basals.

The arms are long and slender, tapering very gradually to the tips and

but slightly incurved. They are cylindrical for a distance of about twenty

to thirty plates from the base and then become somewhat flattened dorso-

ventrally, developing an obtuse angulation along the lateral margin. At

about half their length, the arms are somewhat expanded laterally, and

at this point or a little higher, tliey develop a narrow transverse ridge

close to the upper margin of each plate. These ridges give the arm an

appearance of being serrated along its lateral margin with each plate

slightly inset above its predecessor. The arm of C. multibrachiatus is

well represented by the figures of C. ccelatus spinotentacului^ on Plate V,

fig. 1, except that it is all on a smaller scale.

Horizon and locality : Lower Burlington. Burlington, Iowa. No. 548, Mu-

seum of Comparative Zoolog.v collection.

Cactocrinus ccelatus var. spinotentaculus (Hall)

Plate V, figs. 1, 2, 2a

1860. Actinocrinus spinotentaculus Hall, Suppl. (Jeol. Rept. Iowa, p. 86.

1897. Cactocrinus cnclatus var. spinotentaculus Wachsmuth and Springer, North

American Crinoidea Camerata, p. 619, pi. 59, fig. 10.

This species is closely similar to the preceding, except that it is much

lai'ger and the calyx is proportionally higher. The proportion of height

to width in C. ccelatus var. spinotentaculus is about 1: IV7 as compared
with 1 : 13/2 in C*. multihrachiatus.

In arrangement of plates and surface ornament, the two species are

the same. The arms are eight to the ray and so similar to those of C.

multihrachiatus that the same drawing serves to represent the character-

istics of both, keeping in mind the fact that the present species is more

than twice the size of C. multihrachiatus. and the corrugations of the

surface, in common with other features, are much coarser.

Horizon and locality: Lower Burlington. Burlington. Iowa. No. 552, Mu-

seum of Comparative Zoology collection.
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Cactocrinus limabrachiatus (Hall)

Plate V, figs. .*{, 4. 4(/, ih

1861. Actinocritius limabrachialux H.ill, 1 ><>s(iii>ii«>n of New Species of Crinoi-

dea, Preliminary notice, p. 2.

1897. CactocrinuH Uvinbritchiatux Wuchsmuth and Springer. North American
C'rinoidea Camerata. p. <!0S. j)!. ,-),s, li«s. 9, 10a, 10^.

The arrangement of ])]ates in (he calyx of this species is the same as

that already described for species having six arms to the ray. The sur-

face is highly ornamented with strong nodes and carinre, which, on the

larger calyces, are of two series. The carinji? leading to the arms are

much stronger than the others.

The arms of each ray are grou[)e(l together, suggesting the arrange-
ment in Adinocrinus. although the spaces between the rays are still nar-

row. The arms are long and slender, cylindrical at the base, but they

soon become flattened dorso-ventrally. They are slightly expanded at a

distance of about half their length from the base and taper very gradually
to the tips. The biserial condition is reached late in the development of

the arm, there being from four to seven plates at the base which pass

entirely across its diameter. At a distance of from 5 to 8 millinu'ters

from the base, varying on different arms, each plate is ornamented by a

projecting transverse ridge near its upper margin, and the surface is (;ov-

ered by strong vertical corrugations. This type of ornament persists to

the tip of the arm, while its form changes from cylindrical at the base to

strongly flattened above, as shown by the transverse sections, Plate V,

figs. 4, 4a, 46.

Horizon and locality : Lower P.urlington, liurlingtou, Iowa. No. 528, Mu-

seum of Comparative Zoology collection.

Comparison of tite Preceding Three Species

A comparison of Cactocrinus itiullibiuchmtus and C. ccelatus var.

spinotentaculus shows the relationship between the two to be so close that

they might be considered the same species, were it not that in a large

series of specimens, C. inultihrachi-atiis shows all the characters of an

adult individual, while it is only about half the size of C ca'Iatus var.

spinoientaculus. The proportionally much higher calyx of the latter is

also a distinctive feature. The arms of the two s]>ecies pass through the

same structural changes, which are iiiter]iroted as stages of development

and are closely similar, exccjpt that in (\ ccrJatita vm'. spinotentaculus,

they are biserial nearer the base and are larger.
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It seems reasonable to assume that C. ccelatus var. spinotentaculus is a

direct descendant from C. muUihracliiaius, differing but little from the

latter, its immediate ancestor. I have not seen the arms of Cactociinus

ccelatus; hence comparisons are made with its variety, of which well-pre-

served material is available.

Cactociinus limabrachiatus resembles C. multibrachiatus in the form

of the calyx and in the changes in form through which the arms pass.

The ornament on the surface of the calyx and the arms of the former

species is similar in kind to that of the latter, but is more extreme, the

costae being stronger and more numerous and the corrugations of the

arms coarser. In this respect, it is more highly differentiated than ('.

inultibrachiatus, but in the number of arms and in the late attainment

of the biserial condition it is more primitive. My interpretation of these

facts would be that both are descended from a common ancestor but rep-

resent divergent lines of evolution, Cactocrinus Umahracliiatus having

developed in the direction of a high degree of surface ornament, while

C. multibrachiatus has advanced in number of arms and earlier develop-

ment of biserial plates.

Relation of Cactocrinus to Teleiocrinus

'J^he derivation of the genus Tehiocnnus from Cactocrinus has already

been suggested by Wachsmuth and Springer,^ and it is interesting to note

that the development of the arms confirms the evidence derived from the

calyx and the mode of branching of the arms.

In Teleiocrinus unibrosus (Hall), the type of the genus, the arms are

more numerous and more slender than those of Cactocrinus ccelatus var.

spinotentaculus. Their slenderness is perhaps due to their greater num-

ber, both on account of economy of material and the crowding due to fre-

quent branching near the base. The method of branching in Teleiocrinus

follows the Cactocrinus plan, each axillary being succeeded by another

without intervening plates of the same order until there are fifteen or

sixteen arms to the ray. In form, the arms are cylindrical at the base, or

in accelerated individuals somewhat flattened even at this point. Higher

up on the arms, they become strongly flattened dorso-ventrally and de-

velop a narrow transverse ridge near their upper margins. The corruga-

tions on the surface of the arms are much finer than those of Cactocrinus

ccelatus var. spinotentaculus, as might be expected from the more delicate

structure of the whole arm. The arm of Teleiocrinus umbrosus is figured

on Plate V, figs. 5, 5a. A comparison of these figures with those of

^Wach.smuth and Springkr : North American ("rinoidea ('amerata, p. fi27. Cam-

bridge, 1807.
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Cactocnnus co'lalu.s var. spiiiolentaciilns on the same plate shows the

close similarity between the amis of the two species throughout their

entire development. Teleiocrinus. umbrosuH seems to have been developed

from Cactocrinns ccelatus var. spinotentaculus by an increase in the size

and thickness of the calyx plates and a more frequent branching of the

arms near their base, which produced the expanded rim of the calyx char-

acteristic of Teleiocnntis.

^
^

Te/e/ocjinus i/moroiuih

C. coc/olas
rt I , I , spinotcnl o coJus
6. cfe nticu/ati/s

^5

C opus c L//as C- retlcu/atus

C.platubro ch i aius

C.thet/s C. fjoccatt/s

C. ?7Tl//t/6/OC/^/oh/S

C. J/?rJoI)/ oc/?/Q-

tus

Cprohoscfcfa/is

Smooth armed ancesio?

Fi(!. I. —Relationship of species of (.'actocriniis and Teleiocrinus

Teleiocrinvs allhcca (Hall) is represented in the collection of the Mu-
seum of Comparative Zoology by only one specimen which preserves the

arms. From this, it appears that the numerous anns are flattened dorso-

ventrally at the base but become larger and cylindrical in form above.

This suggests that we have in Teleiocrinus althcea an actual advance in

evolution expressed in a simplification of form rather than in greater

complexity.

The general relations of the species mentioned above are expressed in

'diagrammatic form in Fig. 1.
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Conclusion

The consideratious presented in the above paper constitute only a be-

ginning in a line of investigation which seems to promise good results, if

followed out in genera which have highly modified arms. From the

proximal to the distal portion of the arm, we find a series of changes in

structural features which succeed one another in a definite order. These

changes may be interpreted as stages in development, each individual re-

peating the stages present in its immediate ancestor and adding, in the

distal portion, new characters of its own until the number of characters

becomes too great for representation in the life history of a single organ-

ism, and certain characters, usually the earlier ones, are greatly abbre-

viated or are omitted from the ontogeny of highly modified descendants.

When thus intei'preted, the arms of crinoids furnish evidence from which

the phylogenetic relations of different species and genera can be inferred.

With the attention once drawn to the subject, it will probably be found

that the number of genera which may be studied by this method and the

degree of modification existing are greater than would appear at first

thought.
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Original Description

Camarasaurus was originally described by Edward D. Cope in "Pale-

ontological Bulletin 25," published August 23, 1877. The type species

is Camarasaurus supremus, and the type specimen consists of a cervical,

three dorsal and four caudal vertebra. These l)ones were found near

Canyon City, Colorado, and in the same quarry a considerable number

of bones were excavated, belonging to three or more individuals. These

bones were more or less associated with the type and it is impossible to

say which belongs to one individual and which to another. The vertebrae

of the original type may not all belong to the same individual. The

various remains are of the same general character and there need be no

hesitation in referring them to the same genus and species. Some of

these later bones were described in a subsequent paper in the American

NaturOilist for February, 1878, and figures of vertebrae, scapula and pubis

were given. All of these remains together now constitute numbers 5760,

5760', 5761, 5761', 5761", 5761a, of the collections of the American Mu-

seum of Xatural History.

The original description by Cope confounds to some extent the generic

characters of Camarasaurus with the characters of the Sauropoda as a

whole. The hollow centra, and lightly built, laminated neural arches and

spines are possessed by all the Sauropoda, some members of the group

possessing the lightening structures to a much greater degree than does

Camarasaurus.

The general characters of Camarasaurus, without giving detailed de-

scriptions, are as follows:

Cervicals: Number probably thirteen, of moderate length, of considerable

height, with spines double, without a median tubercle,

(19)
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Dorsals : In the restoration made by Cope the number of dorsals was placed

at twenty. Later the series was studied at the American Museum, and a com-

posite column was made up by placing together vertebrae showing progressive

fore-and-.-ift cluu-ncters. At this time tlio number was estimated to be four-

teen, of which thirteen were actually represented, dorsal two being absent. In

the fall of 1913, opportunity was given tlie present writer by Profe.ssor Henry
Fairfield Osborn to restudy these vertebra' in preparation for his monograph
on the Sauropoda. It was tlien found tlint by the elimination of duplicate

bones tlie number is probably ten.

EELATIONSIIirS

The close similarity of ('nniaya><(tnni>^ with Morosaiirus has loner boon

considered ground fni- [jUu-ing Iho two genera in the same family. At

the present time, it a|)|)ears that this similarity is close enough to force

the conclusion that the two animals belong to the same genus. Among the

characters common to Camamsauni.'^ and Morosaunis. the following may
he mentioned :

1. Centra of dorsals increasing gradually in opisthocoelianism from the

posterior to the anterior region.

2. Principal lamina> supporting the transverse processes strong, with little

development of accessory lainintT".

3. Spines low and broad, with only one cavity of any imj^ortance on their

sides.

4. Caudals short, with inferior surfaces of centra convex in transverse

direction.

5. Scapulfe short, greatly expanded at both proximal and distal ends.

6. Humerus short and stout, index of maximum length into minimum cir-

cumference about .440.

7. Ulna slightly twisted at the distal end.

S. Femur very stout, index about .440. Katio of length of femur to length
of humerus about .600.

9. Metacarpals long and slender.

10. Sacral spines low and broad.

11. I.scbiuni slender, tapering dist:illy.

The only characters in which the iwo foi-ins differ are those which may
be taken as individual variations or specific characters, such as size, posi-
tion of capitular rib facets on anterior dorsals, presence or absence of a

median tubercle between the two spines of the anterior vertebra, or slight
differences in the laminar supports of the transverse processes.

It is concluded, therefore, that Camarasannis and Morosaunis are

generically identical, and as Camarasaurus has a priority of about one
month, the species now under Morosaurus should be referred to the

former genus.
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Copp:'s Eestoration

A life-size restoration of Camarasaurus was made by Dr. John A.

Eyder under the direction of T'rofcssor Cope about 1878, parts of several

individuals being assembled to make a composite individual.

The material on which the restoration of tke skull was based was very

incomplete, only the posterior portion of the cranium and the anterior

portion of the mandibles being represented. The restoration of the skull

was, therefore, almost entirely hypothetical. The teeth were restored as

of carnivorous rather than herbivorous type, and were placed along the

sides of the jaws instead of in the front as is now knf)wn to lie the case in

the Sauropoda. The teeth extend posteriorly behind the orbit, some of

them even appearing to be rooted in the jugal bone.

The cervical and dorsal vertebrjB are not distinctly separated in the

restoration, nor are the dorsal and sacral. No ribs are represented. The

cervical series as restored contains ten or twelve vertel^rae, no atlas being

represented. The dorsal series contains sixteen, seventeen or nineteen

vertebrae, according to the interpretation of vertebrae eleven and twelve as

dorsals or cervicals, and vertebra twenty-nine as dorsal or sacral. Sixty

caudals are present in the restoration. According to our present knowl-

edge of Camarasaurus, the number of cervicals should be twelve or thir-

teen, the number of dorsals ten, of sacrals five, while the number of cau-

dals is doubtful. In the restoration, there are too many anterior caudals

and too few small distal ones.

The bones of the fore-limb are too long in the restoration. Four hypo-

thetical carpal bones are represented. The phalangeal formula of the

restoration is 4, 5, 5, 5, 5. The ischium is represented as slightly ex-

panded at the distal end as in Brontosaurus. instead of tapering slightly

as it does in the type. The tibia and fibula are each about seven inches

longer than the actual bones. Three tarsal bones, of which at least one

is hypothetical, arc represented. The phalangeal formula as restored is

2, 3^ 3, 5, 4.

It is interesting to observe that, at this early date, Professor Cope con-

cluded that the Sauropoda walked upright, instead of crawling, as was

contended a few years ago by Tornier and others, and denied by Matthew

and Holland.
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Introduction

The avowal of Delesse in 1865—"Above all other eruptive rocks, ser-

pentine has hitherto remained a veritable enigma !"—still pertains to all

prevalent hypotheses concerning its origin. Although indeed the existence

of a "serpentine group," as complex as Schweizer's series (picrosmine.

picrophyll, substance e, antigorite, sei-pentine, chrysotile and other sub-

stances a. b, c, d, f) is no longer in common acceptance, there are few

mineralogical authorities even now who are not inclined to favor at least

the dual distinction, "serpentine" and chrysotile, with differentiation as

allomorphs in physical and optical characteristics if not in chemical com-

position. The solution appears to have been long delayed by ignorance
of certain facts :

1). The impurity of specimens.
—The term "serpentine" has been

indifferently applied to all forms of the mineral, and, with the same

freedom, to the massive rock, often designated as "ordinary serpentine,"

in which the proportion of the mineral rarely exceeds 60 to 80 per cent,

and may even fall to 35 per cent, or less. In opposition to this loose

practice, Lacroix has long ago urged the restriction of the term "antigo-

rite" to all forms of the mineral proper, and of the term "serpentine"

exclusively to the rock occurrences. Analogy with tJie precision obtained

by discrimination of calcite from limestone, of dolomite (or miemite, ac-

(23)
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cording to some) from magnesian limestone, of talc from steatite, etc.,

confirms the advantage ot" sucli distinctive use of the two terms, if antigo-

rite as a definite mineral shall be held to comprise all substances of the

com{)Osition H4Mg3Si209.
In most of its specimens, however careful their selection for apparent

purity, as judged by uniform texture, color and translucency, such as

''noble serpentine,'' retinalite, etc., the evidences of large intermixture

with other substances are readily established. As this impurity mainly
consists of other magnesian salts, the usual method of identification of

antigorite by deduction of certain molecular ratios from the analysis is

by far too rude and unreliable. Only by recasting of the analysis/ with

precise reference to the percentage of combined water and, if possible,

with control by microscopic and optical examination of the very material

used for the analysis, can the true constitution be determined for the

aggregate present in almost every specimen of the presumably pure min-

eral. An unfortunate consequence of disregard of these precautions has

been the partial vitiation of many physical and chemical investigations

of the mineral. For example, it is easily determined, by recasting of the

stated analyses, that specimens of the "dark green sei-pentine" from

Newburyport, Massachusetts, selected as typical in experiments for de-

termination of constitutional formula,- actually contained 11 to 32 per

cent, of deweylite, etc.
;
and that the foliated antigorite from Antigorio,

Piedmont, used for determination of the fonn of silicic hydrate existing

in the constitution of true antigorite,^ contained 15 per cent, of prochlo-

rite, deweylite, etc. It may be fairly suspected that this impurity of

material may have led in part to uncertainty attending conceptions of

that constitution.

In regard to talc, its ordinary intermixture with quartz, chlorite, antig-

orite, tremolite, etc., is well known.

2). The ohscunty of the products of decay in lajierite.
—In past dis-

cussions, the grains of antigorite and scales of shining talc detected on

weathered outcrops, though merely ancient elements residual from their

insolubility, have been commonly mistaken for new generations. This

mislicading presumption has hindered recognition of the actual abundant

derivatives from rock decay, magnesia, its hydrate, carbonates and soluble

hydrosilicates. The resulting discordance of inferences from the numer-

ous proposed genetic hypotheses for talc and antigorite, with facts even

lAnn. N. Y. Acad. Scl., XVIII, 129-146. 1908.
» Clarke and Sciinkider : Am. .Tour. Sci. (S). XL, .308. 1890.
» S. IIillebrand: Sitz.-ber. d. math.-naturw. Kl. d. r. Acad. d. WIss., Berlin, CXV,

Abt. I, 697-712. 1906.
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then known concerning the products of weathering of ferro-magriesian

minerals and rocks, may be briefly reviewed in connection with each

mineral.

The Genesis of Talc

In regard to talc, T. S. Hunt'* in 1860 made the following suggestion,

without further elaboration :

"While steatite has been derived from a compound like sepiolite, the source

of serpentine was to be sought in another silicate riclier in magnesia."

In this, his conjecture concerning talc was a happy one and was ap-

proved by Delesse in 1861. By neither was there ever advanced any

explanation or proof and the fleeting suggestion dropped from view.

Taking for example a single mineral, olivine, as the source of talc, as

in the peridosteatites of Maryland and North Carolina, the following

genetic equation, for direct alteration of olivine into talc, has been pro-

posed :^

4(Mg, Fe), SiO,-5(Fe, Mg)0-^H,0=H,Mg3(Si03)4
Olivine Iron oxide and Talc

magnesia

So also the derivation of talc from tremolite or enstatite has been at-

tributed to attack by carbonated waters, as explained by the reactions^

CaMgaSi^Oij+ H2O -f- CO,= H.MgaSi^Oi^+ CaCOj
Tremolite Talc Caleite

Mg4Si,0,2 4- H,0 + CO,= H,Mg3Si,0„+ MgCOs
Enstatite Talc Magnesite

According to another authority :''

"Talc forms in the upper zone of metamorphism. In this respect it is like

chlorite and serpentine. It is especially likely to form under conditions of

weathering. ... It appears to be one of the end products of rock alteration

in the belt of weathering."

Yet in the decay of olivine, for example, on weathered outcrops of

dunite or other peridotite, while there can be no doubt of the removal

of iron oxide and magnesia and of absorption of water, not a trace of

newly formed talc has ever been distinguished among the products of

decay. Furthermore, the above equations take no note of the free silica

which has universally separated in abundance during development of

* Chem. and Geol. Essays. Boston, 206. 1875.
s J. H. Pratt and .T. V. Lewis : N. C. Geol. Survey, I. IfiO.'i.

8C. H. Smyth, Jr.: Sch. of Mines Quart., XVII, .^.SS. 1896.
^C. R. Van Hisb : Treatise on Metamorphism, U. S. Geol. Surv. Monogr. 351. Wash-

ington. 1904.
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talc and has become either a prominent constituent of the resulting-

quartz-talc a<(<^regate, steatite, or a prominent associate in veins or seam&

in close vicinity to a talc-rock.

Tin: (JEiNKsis of Antigorite

For the purpose of this paper it will be inmecessary to discuss all the

hypotheses which have been devised, or to consider but one important

source, olivine. A review of tiie literature reveals, in my opinion, pro-

gressive but still imperfect recognition of the nature and conditions of

the genesis of antigorite, and, on the other hand, a growing consciousness

of the insufficiency of the tentative speculations concerning its location.

These comprise three methods of change of olivine directly into antig-

orite, viz : by weathering, by attack of deep-seated agencies and by com-

bination of both.

FORMATION OF ANTIGORITE DIRECTLY FROM OLIVINE BY HYDRATION

The hydration which antigorite represents toward olivine as the mother-

mineral, the visible evidences of its production by attack from the out-

side upon the olivine grains, the attending oxidation of ferrous iron, the

removal of certain bases and the release of free silica are obvious results

of the decay by weathering. What conclusion more simple and plausible

than that antigorite has been mainly produced in such instances by direct

hydration of olivine?

An early writer (J. Roth,*^ 1869), although he had distinguished vari-

ous processes of weathering as simple and complex, discussed antigoriza-

tion under the former heading, thus.

(lOMgO + SSiO^)— (4 MgO + SiO,) + 4H20= (6MgO+ 4Si02+ 4H20)
5 molecules olivine 2 moleeiiles "sei'pentine"

J. J. II. Teal'' (1S8S) was content to declare:

"The alteration of olivine by surface asencies—water, carbonic acid and

oxygen^j^ives rise to seri)entines and other pseudoinorphs ;"

and

"the formation of serpentine by the. alteration and hydration of feri-o-magne-
sian and magnesian silicates is proved beyond all (piestion,"

with the equation:

"2 (2MgO + SiO.,)-MgO + 2 H,0=(3 MgO+ 2 Si02 + 2 HjO)"
Forsterite "Serpentine"'

»Abh. d. k. Akad. d. Wiss. BorHn, 1809.
"British Petrograpliy, 104-106. liOndou, 1888.
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10
According to a view now in common acceptation,

"the conception of G. I'. Merrill, that 'the formation of serpentine as a rock is

a deep-seated process.' however, does not preclude the generation of dissemi-

nated serpentine, regarded not as a rock but as a mineral species, within the

belt of weathering. . . . The probable reaction is as follows :

2 MgjSiO.-f 2 H,0-l-CO,= Mg3H,SiA+ MgC03"
Olivine Serpentine JIagnesite

With certain variations in detail, the same hypothesis of direct produc-

tion of antigorite by weathering has been favored by G. H. 0. Volger in

1855, A. D'Achiardi in 1874, F. Becke in part in 1878, J. D. Dana in 1883,

H. Eosenbusch in 1892, T. G. Bonney and i'. A. Raisin in 1904, G. Piolti

and K. A. Eedlich in 1908. F. Cornu in 1905 has even pointed out the

'

passage of olivine into antigorite only on the rainy sides of the basalt

peaks of the Bohemian Mittelgebirge. R. Brauns^^ in particular has

maintained a similar view, with the addition that the antigorite formed

during weathering has been at the same time further altered into "web-

skyite"
—1 volume of the former into 1.61 volumes of the latter. As I

Und, by recasting of his analysis, "webskyite," with its supposed formula

HgR^SigOja -|- 6 aq., to be merely an impure aggregate of deweylite and

hyalite, Brauns has thus unconsciously approached the fact that deweylite

is an immediate and essential product of decay of olivine by weathering.

In his study of the decay of a serpentine rock of Bohemia by weather-

ing, a still closer approach to discovery of the genesis of antigorite was

made by A. Schrauf :^^

"In the magnesite originating from serpentine, a magnesia h.vdrosilicate

forms a never-failing constituent."

This he separated through removal of the magnesium carbonate by

"digestion in acetic acid. On analysis of the residue from drying at 130°

C, he found the figures to correspond in molecular ratios to those of

antigorite, H^MggSioOg, in predominance, though leaving 4 per cent, of

'''free or hygroscopic water" ! This appears to be almost the only instance

on record of claimed detection of antigorite among the products of rock

decay. As it happened, by that 4 per cent, apparently of superfluous but

actually of combined water, he missed the identification of the real hydro-
silicate present. An easy recasting of his analysis, on the basis of the

1" F. W. Clarke : The Data of Geochemistry, 575, U. S. Geol. Surv. Bull. 491. Wash-
ington, 1911.

" N. .Thrb. f. Mln., Bell.-Bd. V, 318-324. 1887.

i-'Zts. f. Kryst. u. Mln., VI, 349, 1882.
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combined water, shows that his dried residue consisted to 97 per cent, of

(leweylite, H,.Mii(4Si.,()jg, without any aiitigorite.

FORMATION OF ANTIGOIUTE DIRECTLY FROM OLIVINE BY THERMAL

ALTERATION

The devehjpriieiit of newly t'onued antigowte among the products of

weathering was indeed long ago questioned by Ebelmen and others. T. S,

Hunt declared its entire absence from the weathered coat over the peri-

dotites at Montreal, Canada, d. P. Merrill and T. II. Holland also have

held that it is never found as a weathering product of olivine, or as a

constituent of laterite. Therefore, hypotheses have been devised at the

other extreme, according to which the genesis of antigorite directly from

olivine has been effected solely in a deep-seated zone of special hydi-aiion

below the belt of weathering, 'i'his may have progressed as '•common

liydrometamorphism." at a moderate thermal temperature and depth,

under the iiiiiueuce of moisture permeating rocks below the ground water

level, such waters not favoring oxidation and containing no great amount

of carbonic acid. "Being an essentially deep-seated process, seriicntini-

zation should certainly not be referred to weathering" (\^'. Lindgren).

Its evidences are fctniid in the entire absence of oxidation diiriu'^- the

passage of olivine into antigorite (G. P. Merrill, 189!» ) ; in the gi-cater

production of magnetite than lienuitite from the iron oxide in fcri-jferous

olivine, thus pointing to the scarcity of atmospheric oxygen during the

hydration of that mineral into antigorite (J. IT. Pratt and J. V. Lewis,.

1905).

Other writers look to a still deej)i'r zoiu; of alteration to account for

the high water content of antigorite. as indicating connection with oro-

genic processes (Posenbusch, 1901 ) : there are evidences of pressure,

particularly in altei-ation fi-oin aiigite, which has served as a most im-

portant factor in the d(\('l<i|tmen1 of antigorite (T. (J. Pxinney. 1908) ;

with the chai-acteristics of a dc'('])-seated process, due to waters or vapors:

(toming from considerable dc|itlis. oi- even constituents of the magmas at

the time of their intrusion, which may be distinguished as liydrometa-

morphism (Cf. P. Merrill. 1S99) : an alteration which may have been the

effect of prolonged sul)mei-gcnce in sea-water under high pressure (T. H.

Holland, 1899).

The variety of peridotite "stubachite" has been attributed to

"a post-volcanic, perhaps juK'nmatolytic process, following a period of pneu-

inato-hydrogenic action," "

"E. Weinschexk : N. .Ibrb. f. Min.. 1, 226. 1895.
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even though quite free from the mineralizers, etc., characteristic of that

process. It consists of a crystalline aggregate of olivine and antigorite
—

the latter designated as "primary," i. e., of supposed contemporaneous

intergrowth with the olivine.

All the foregoing forms of the hypothesis of limitation of antigorite-

genesis to a deep-seated zone are, in my Judgment, controverted by in-

ternal evidence, the common survival of deweylite in the chemical compo-
sition and the common association of chrysotile, each with a genetic his-

tory essentially connected with lateritic decay.

Not having yet found any analyses of "^stubachite," we have at least the

evidence that it is accompanied by an abundance of chiysotile, together

with "schweizerite," a substance shown by its analyses to consist of a mix-

ture of massive antigorite, chrysotile and nemalite. "Stubachite" there-

fore appears to pertain to a peridotite (dunite) once partly saturated

with deweylite, brucite and sepiolite in the belt of weathering, which have

been later converted respectively into crystalline antigorite, chrysotile and

talc, at a temperature far less than that attending pneumatolytic action.

DIRECT HYDRATION BY AGENCIES WITHIN TWO BELTS

On account of the strong alliance, rightly suspected, of the associations

and characteristics of antigorite with the processes and products both of

the belt of weathering and of a more deep-seated region, other writers

would embrace a broader zone as the location for conversion of olivine

directly into antigorite. As this has been expressed by A^an Hise •}*

"Serpentine is a product of the zone of katamorpliism, including both the

belt of cementation and the belt of weathering."

In these hypotheses, the dual character is applied only to the locations

and the range of conditions considered requisite for completion of a single

process for derivation of antigorite directly from olivine. This is shown

by the fact that, in every case, a single equation suffices these authors to

explain the supposed reactions. There is a general vagueness concerning
the actual process, but no questioning of its essential unity of reaction.

For the above view, based upon the apparent simplicity of direct addi-

tion of water and oxygen to produce antigorite. the following reactions,

among others, have been suggested by Van Hise:^^

3 Mg^Fe^SijOg + 4 H,0 + 2 = 2 H.MgaSiA+ 2 FegO, + 2 SiO,
Olivine '•Serpentine

"
Magnetite Quartz

" Op. cit., p. .S49.

Op cit., p. 310.15
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Here, as in most equations Vhich have been suggested in discussions

of mineral genesis, the initial colloid condition of most products of min-

eral decay has been disregarded. Besides this, the minerals assumed ap-

parently as derivative within the belt of weathering
—

antigoritc, magnet-

ite, hematite—are those which have surely taken their birth or acquired

crystalline form in a lower and thermal belt'ot alteration. The difference

of view on the common products of olivine decay (omitting double salts)

within the belt of weathering may be contrasted as below :

By common hypofhem. By observation.

Quart., hyalite, opal \ ^''^'^ '1"'"'''
'»y<l'-'>t««; an.orphous hyalite,

'^ ' -^ ' '

I. chalcedony ; quartz.

r Colloid or aiiiorf)hous inan<j;anese hydrate,
Pyrolusite

-|
hydrocarbonates, carbonate and hydrt-.

I silicates; j)yrolasite.

.^ .... •. j Colloid or amorphous nickel hvdrates, hvdro-
"Uentnite, gamiente

^ carbonates and hydrosilicat"es (conna'rite).

C
Colloid ferric or ferroso-ferric hydrates, hy-

-Siderite, magnetite, hematite \ drocarbonate, carbonate, hydrosilicate, in

I part amorphous; siderite.

!

Colloid or amor[)hous calcium carbonate,

hydrocarbonates and hydrosilicates; cal-

cite, dolomite.

i

Amorphous magnesia; amorphous mayrne-
sium hydrate, hydrocarbonates, carbon-

ates; brucite, hyclromagnesite, magnesite.

. ^. ., . , , ,.. .
,•, (Colloid magnesium hydrosilicates (dewey-

Antigorite,talc,deweyl.te,sepiolite. [ y^^^^ sepiolite). in part amorphous.

In the equations above given to illustrate the supposed direct conver-

sion of olivine into antigorite, the calculated volume changes varied from

-|- 12 to -j- 37 per cent. To this expansion and subsequent shrinkage, the

phenomena of fracture, gliding, slickensiding, etc., observed in many
bodies of serpentine, have been attributed by G. P. Merrill and others.

Dual Processes in Genesis of Talc and Antigorith

The object of the present paper is to distinguish and deline my con-

clusions (without the evidences) concerning the dual processes as well as

dual regions of alteration—first, the belt of weathering, ami hil<M- the

lower region, connected with development of both tale ami antigorite

from olivine.

Three other minerals, hitherto treated merely as interesting accessories

during development of talc and "serpentine"
—

viz., brucite, sepiolite and

deweylite
—now offer their claim as es.sential elements, in amorphous or

colloid form, to the genesis of the two minerals in question. The key to
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that genesis, I believe, lies in the relationship in each case of a colloid

magnesium hydrosilicate (Type I), originating from decay of olivine or

other ferro-magnesian mineral, during weathering, to a complementary

hydrosilicate (Type II), containing more silica and magnesia and less

than about half as much water, into which the former has been afterward

converted in a lower region of metamoi-phism.
The four known magnesium hydros ilicates may be thus arranged to

show this relationship of the two types:

Type.
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Essential volume change"' = -\- SO.31 per cent.

It will be noted that incipient development of both sepiolite and dewey-
lite from mineral decay has been attended by separation of a certain,

amount of magnesium hydrate. This was not understood, except by Eoth

and Teal, or included in the formulas previously given; it may serve as a

test of the truth of the reaction here set forth.

Later, with subjection of deweylite to the thermal conditions in a

lower metamorphic bolt, the complementary process of alteration has

taken place:

3(II,2Mg,Hi3O,6 + naq.) + A = 4H,Mg,Si,A+ SiO, + 10H,O + naq.
i;<)ll<)i(l ili'ueylite Meal Antigoiite (ii4.« Hyalite

percent.) or qiiaitz.

Essential volume ehange^^ = — 32.79 per cent.

Reference has already been made to commonly accepted views concern-

ing dynamic effects upon bodies of serpentine by the changes of volume

in progress during passage of minerals into talc and antigorite. It is now

apparent tliat admission into the equations of the hydrated colloids of

sepiolite, deweylite, etc., actually found in nature, would involve an early

liypothetical expansion far greater than hitherto estimated. On the

other hand, the later physical changes which have preceded the birth of

talc and of antigorite have generally culminated in notable contraction

of the rock mass. We have to do here, however, with more than chemical

reactions. The attendant physical processes of solution, leaching, trans-

port and migration of soluble constituents, and their later alteration in

a deeper thermal zone, have resulted in a complex Assuring, and often in

an amount of contraction which has decidedly offset the expansion from

early chemical changes. The observed evidences of internal disruption

and movement in bodies of serpentine may be therefore everywhere ex-

plained, I judge, by successive thi'oes of expansion and contraction—r. g.,

at 8taten Island and Xew Rocliclle, New York ; Montville and Hoboken,
New Jersey, and Thetford, Canada—and also by local strains and faults

produced by orogenic disturbances.

P'or precise definition of processes above considered, I think we need

differentiation of the following terms:

Decay of rocks, to express the result of operations within the belt of

weathering, disintegration, oxidation and extreme hydration. Among
the more important products are the colloid magnesium hydrosilicates of

the first type (colloid deweylite, sepiolite), magnesium oxide, hydrate
and giobertite, besides various forms of ferrous and ferric hydrates, hy-
drocarbon ates, etc.

'" Without repard to n i\q.
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AUeration, to express the interchanges and consequent new formations,

with great loss of water, which take their birtli in a more deeply seated

region. The common products are the mag-nesium hydrosilicates of the

second type (talc, antigorite), hardened deweylite, forms of limonite,

gothite, turgite, hematite, etc.

Decomposition (Zersetziing of Eoth), to express the molecular disso-

ciation, still more complex interchanges, and still greater to complete

dehydration, which have ensued within the zone of anamorphism. Ex-

amples of these products are periclase, spathic magnesite, dolomite,

siderite, breunerite, regenerated olivine (boltonite, forsterite), specular

iron, magnetite, etc.

In regard to the term "hydrometamorphism," whether in the sense of

Lindgren, referring to the action of meteoric or vadose waters, or in that

of G. P. Merrill, referring to the action of waters from deep-seated

sources or from magmas, I find no application for it below the belt of

weathering. There only has originated the highest hydration; below it,

every change has been attended by progressive loss of water.

Genesis of Chkysotile and Eetinalite

In Plate VI, a well-known laminated variety of asbestos-rock from

Thetford, Canada, is presented. Here lie the leaves, silver and green, in

long succession, of the book of the history of asbestos, waiting for inter-

pretation of the mystery of its origin.

If "serpentine," as long believed, is a colloid, incapable of crystalliza-

tion, is this fibrous chrysotile but an alteration product from asbestiform

amphibole or bronzite ? Or are these fibers only "serpentine" wires, pro-

truded through pores in the vein walls, like those of metal in the arts?

Or, along fault planes, has the serpentine been rolled out and sheared

into these silky threads? Or, if there be a cn-stalline paramorph of

amorphous "serpentine," is this its fibrous deposit from lateral infiltra-

tions into rock fissures? Is it possible that these have been generated

by diamagnetic secretion along the vein walls, expelling into the median

fissure of the vein the feebly magnetic brucite, poor in iron, and the

diamagnetic calcite? Or are the fibers in fact capillary or acicular crys-

tals either of "serpentine" itself or of its paramorph, thrust from one

wall to the other, or grown simultaneously inward from each wall ?

It is doubtful whether any one of these conjectures has proved satis-

factorv even to its author.

Toward solution of this part of Delesse's enigma, in my turn, it re-

mains to sketch some of the migrations and transformations of the

magnesian derivatives from rock decay, as they oozed downward from
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laterite into fissures and occupied them as vein deposits. Magnesium

hydrate, the most soluble and mobile, was the earliest to fomi a coating

on each wall, sometimes filling up the entire fissure. So originated the

veinlets of brucite, crystalline at Iloboken, New Jersey, and crystallized

at Hopansuo, Finland, and Texas, Pennsylvania.

The next stage in the process has been connected with the tendency of

brucite, wIkmi subjected to rock-strains, to molecular rearrangement in

direction of the pressure. Its grains become shot through with parallel

lines, without regard to the cleavage, and at last transformed into aggre-

gates of fine fibers. Thus brucite has frequently passed into its fibrous

allomorph, iicmalite, with fibration nonnal to the vein walls, well shown

at Hobokon and Montville, New Jersey, Xettes in the Vosges, etc. From

solution in carbonated waters, veins of the less soluble carbonates, hydro-

magnesite, magnesite, etc., have been also produced, or from the action

of such waters on brucite already depasited, as at Hoboken, many localities

in California, etc.; or whore nemalite has occurred, coating each wall of

a vein, the interspace remains sometimes filled up with laminated brucite,

as at Hoboken, or with magnesite, as at Montville.

Next, by ])assage of siliceous waters, crystalline brucite has been con-

verted into its antigorite-pseudomorph, marmolite (as shown by Volger

and others) at Hoboken and elsewhere, and its crystals into "thermophyl-
lite" at Hopansuo. In the marmolite of Hoboken, pearly fiakes of un-

tdtered brucite can be sometimes plainly distinguished. This again im-

plies the intervention of deweylite, and there is abundant evidence of its

generation by the following process
—reaction of free magnesium oxide,

hydrate or carbonate, or of dolomite, with percolating solutions of silicic

hydrate or of alkaline silicates. Of the resulting equations it will suffice

here to ofl'er the following :

4 H,MgO,-h3 (H,Si03-f n aq.)= iH,,Mg,Si30,6+ n aq.) + H,0
Maeiieniiuii Silicic hydrate Colloid deweylite
hydrate

Volume change (disregarding /; aq. )
=— .'5.7.5 per cent.

Deweylite of this origin, subjected to thermal conditions, passed into

antigorite by the reaction already explained.

Where silicification of nemalite took place, it was converted into dewey-
lite with pseudonioi pilous fibration, and this, by later thermal action,

into its antigorite-pseudormorph. chrysotile. The passage of nemalite

into chrysotile, supposedly direct, was detected by G. H. 0. Volger"' in

specimens from Hoboken in his cabinet, but the intervention of deweylite

was not suspected.

i« Entwlckluuir dcr MiiuMalien der Talk-Glimmer Familie. Ziirich, 254-270. 1855.
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The office of deweylite has not ever been recognized, doubtless in part

on account of the difficulty of detection of a colloidal amorphous sub-

stance, and in part of its general alteration into antigorite. Evidence

of the latter change is revealed by the frequent partial survival of dewey-

lite grains in intermixture, and also by the very chemical composition of

many specimens of antigorite. ,

For example, T. S. Hunt made among others the following analysis'^

of chrysotile

"from a narrow vein traversing the Eozoon rock of Petite Nation seignory,

Quebec : silica, 43.65 ; magnesia, 41.67 ; protoxyd of iron, 1.46 ; water, 13.48 ;

100. 16."

He commented thus, with surprise, on his results :

"these serpentines from the Laurentian limestones are remarkable for their

freedom from iron oxide, for their large amount of water, and their low specific

gravity."'
"

These anomalies are explained by the results of my recasting of his

analysis: antigorite, 95.13; deweylite, 4.G3; hyalite, 0.40. In develop-

ment of the pseudomorphs, niarmolite from brucite and chrysotile-asbes-

tos from nemalite, a steady progression in contraction is shown, to about

one-third of the volume, without disturbance by expansion, from the

original magnesium hydrate to the final product, antigorite. This seems

to be correlated with the perfect preservation of all structural details,

even to the most delicate features of nemalite.

This genetic history of chrysotile, if accepted, enables us to use its

occurreiK^e as a test of conditions which have always prevailed during

genesis of antigorite from decay. Its general association with the other

forms of that mineral, even at the "stubachite" locality, establishes iden-

tity of origin through the dual processes already explained.

Colloid deweylite, the magnesian companion of brucite in migration
from laterite, has likewise been concentrated in simple veins, as at Texas,

Pennsylvania, Bare Hills, Maryland, etc. Where a portion of the dewey-
lite has escaped the subsequent alteration, its intermixture has produced
the waxy, translucent variety of antigorite, retinalite, common at many
localities. Its analyses invariably reveal an unusually high percentage
of combined water, due entirely, as shown by the recasting, to the pres-

ence of several per cent, of unaltered deweylite. Moreover, specimens are

not uncommonly sprinkled with visible grains of that mineral.

"Rpt. Prog. Geol. Surv. Can.. 205. Ottawa, 1860.
18 Am. Jour. Sci. (2). XXVI, 08. 1804.
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Composite Veins

While the separate deposition of both niMgin'siuiii hydrate and coUoid

deweylite has frequently taken place, as described, in siin))Ie veins of each

7nineral, nevertheless their normal niid |)rol)at)]y nion' coininon ino<le of

conveyance from hitcritc downward has Jjccn in intiMinixture. Com-

posite veins have resulted by separation of 'successive deposits of each

from this mixture, niul not, :is mi_t,dit first he judged, by a series of de-

posits upon each wall, now of one mineral, now of the other, in alternation.

A simple form lias consisted of a vein with wall coatings of brucite

or nomalite, with a middle sheet of deweylite. \\\ silicitlcation, the wall

coatings have passed into iihroiis deweylite, and this, by later alteration,

into chrysotile-asbestos, with a sheet of massive antigorite or retinalite

intervening, as at Portchester, New York, etc.

The reverse order of arrangement has been also observed, with sheets

of massive antigorite or retinalite (i. e., originally deweylite) coating the

walls, and a central sheet of brucite, nemalite and sometimes calcite, as

in the Vosges ;
or with a central sheet of nemalite, in part chrysotile, as

at Hoboken.

A proof of the above suggested intennixture of the two magnesian

components is yielded from study of analyses of retinalite. A specimen
"associated with eozoon" at Calumet, Quebec, gave T. S. Hunt the follow-

ing results: silica, 41.20; magnesia, 43.52; ferrous oxide, 0.80; water,

15.40; 100.93. My recasting of this reveals the following constitution:

antigorite, 83.90; deweylite, 11.76; brucite, 5.24. That is to say, a nota-

ble portion of each of the original magnesian components has escaped

alteration and remains intermixed with the antigorite.

An interesting example of such intermixture has been observed in a

symmetrical asbestos vein, two inches in width, in dark green serpentine

containing particles of chromite, on lot 13, Eange V, Thetford, near Rob-

ertson station, Canada. ^^ The first deposit on each wall has been a thin

layer of dark blue antigorite (originally deweylite) "with grains of

chromic iron"; then a layer of chrysotile (originally brucite), with fibra-

tion normal to the wall ; then a thin layer of pale-green retinalite (orig-

inally deweylite) ;
and a central sheet, about \l inch thick, of dark blue

antigorite (originally deweylite mixed with magnesium hydrate), along
the middle of which run minute seamy partings of chrj'^sotile (originally

brucite) parallel to the plane of the vein.

A succession of four passage solutions of magnesia is here indicated:

first, the colloid hydrosilicate ; then the hydrate; then a.gain the hydro-

'» p. CfRKEL: Asbestos, p. 28, Fig. 0. Ottawa. 1S05.
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silicate; and then the main solution, or mixture of the two components.

During consolidation and contraction of the last deposit, disassociation

of the hydrate took place by diffusion into the shrinkage crevices near the

middle of the vein. In fact, however, the separated deposits here found

•on the walls are probably, like those next to be described, derivatives from

mixed solutions, by disassociation higher up the vein.

The most complex variety of composite veins is that represented in the

illustration (Plate VI) and ordinarily found in proximity to laterite

rich in magnesian silicates. It consists of a lamellation, in abundant

repetition, of thin alternating sheets of chrysotile and retinalite, the

"thickest near the vein-wall and thinning outwardly ;
the first very thick

layer of retinalite on the vein-wall is absent, having been broken from

"the specimen. In structure and development the variety is essentially

identical with the lamellation of antigorite ("eozoon") in dolomitic lime-

stone at Grenville, Canada, and other localities, although there the ma-

terial of alternation with retinalite is calcite in place of chrysotile. In

•each case, I have concluded, a rhythmical process of unilateral vein depo-

sition from laterite solutions has originally taken place
—

every pair of

lamellae comprising a film of colloid, magnesium hydrosilicate, with one

'of crystalloid, magnesium hydrate here and calcite in the Canadian oc-

currence, separated from the colloid by dialysis.

The rhythm of deposition has apparently been due to limitation of the

flow into the vein fissure of the mixed solution of the two magnesian salts

in meteoric waters to a certain period of accumulation, perhaps the rainy
reason of the year. After spreading upon the surface of the wall, dis-

association began, the colloid being left clinging as a new coat upon the

wall, while from its outer boundary
—

perhaps through a dried film serv-

ing as a septum—the ciystalloid magnesium hydrate became diffused

more or less completely by dialysis and so formed the companion coat of

each pair of alternations. The amo-rphous magnesium hydrate readily

•crystallized into brucite, and this, by subsequent pressure
—

perhaps by
rock strains, through expansion in neighboring portions of the mass—
was converted into its fibrous variety, nemalite. Other fissures have been

opened by contraction of the rock more or less transversely to this lamella-

tion, but these have been generally filled with magnesium hydrate, amor-

phous and crystalline, as simple veins, changed in turn into nemalite by
rock strains.

By later silicification or alteration under thermal conditions, all these

lamellae and transverse veins have become altered—nemalite into chryso-
tile-asbestos and deweylite into massive antigorite, in part retinalite.
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Conclusions

In review, then, magnesia, in hydrated or carbonated condition, and

deweylite and sepiolite, in colloid form, have always been the only mag-
nesian derivatives from laterite, with tendency to early migration and

transport, in virtue of their solubility.

Antigorite and talc, on the other hand, crystalline and never colloid,

have merely served as insoluble fixatives to harden and record the trans-

formations of their mobile and protean predecessors. Chr\'sotile is but a

pseudo-fibrous variety of antigorite
—in fact, a pseudomorph in antigorite

after a pseudomorph in deweylite after nemalite, the fibrous form of

brucite.

To the list of rock-making minerals, brucite, deweylite and sepiolite

need to be added as important accessories.

The evidences in confirmation of these views from field observations,

optical examinations, etc., together with a review of the literature of

brucite, serpentine, antigorite, and the hydrous magnesian minerals, have

been gathered for presentation in a separate monograph.

Department of Geology,
Columbia University.
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Introduction

Considering the sefies of annual means of temperature, of given local-

ities, we notice everywhere more or less important fluctuations. The
curves expressing graphically the succession of figures show perfectly

well pronounced variations at certain localities differing completely from

other variations of other localities. Some curves go down while others

go up, and the length of time separating the maxima varies from one

curve to the other.

It is impossible, therefore, to discuss the question of climatic variations

with only the data of a selected number of stations. All available data

have to be taken into consideration, and the problem has to be studied

geographically. The problem of the variations of terrestrial temperature

is, indeed, absolutely similar to the problem of the mean elevation of the

surface of the earth crust. The precision gained in the appreciation of

the mean elevation of a continent depends on the precision of the utilized

hypsometrical maps. The precision of an estimate of the mean depth of

an ocean depends on the accuracy of the bathymetrical map, on the num-
ber of soundings. Since, in the case of temperature, we have also to deal

1 Manuscript received by the Editor, 4 March, 1914. (39)
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with depressions below the average and elevations above, the knowledge

of the extent of the areas covered by positive and negative departures is

evidently more necessary for the discussion than the figures for some

isolated stations, where the temperature conditions may or may not cor-

respond to the average conditions of the surrounding countries.

The wofk (lone for a previous publicatio;i was the mapping of all the

teni])('rature data F could obtain for the years' 1891 to 1900.

Considering the means of the decade, 1891-1900, as being qua.si-

normal values, I have formed for each year and each station the depar-

tures from these means. These annual departures have been inscribed

on maps, and equideparture lines have been drawn. The areas of positive

departures have been called thermopleions, the areas of negative depar-

tures, thermomeions or antipleions. The result of the discussion is that

the year 1900 was a year of predominant thermopleions, the year 1893,

on the contrary, a year of most predominant antipleions. Taking the

probable areas into consideration, as well as the probable excess and

deficiency of temperature, I found that the difference in temperature

between these two years must have been at least 0°.5 C.

This was the main result of my memoir "L'enchainement des varia-

tions climatiques,"
-

published in 1909. This practical demonstration

of the fact that the temperature of the earth's atmosphere does not remain

constant leaves a very important question open for discussion.

The annual departure maps of successive years showed in many cases

some striking similarities in the mutual relationship of pleions and anti-

pleions. I presumed, therefore, that pleions might persist from year to

year and that they displaced themselves. In my further researches, I

found it necessary to simplify the reasoning by adopting a way of ex-

pressing graphically the change of a given annual moan into that of

the following year. To avoid the more or less regular annual variation,

we have to take yearly means, but it makes no difference how we count

the year, as long as we compare means of 12 consecutive months. By
making consecutive yearly means for the one-year periods beginning with

January, February, March and so on, and by comparing the curves ex-

pressing the succession of the figures, we can see how a negative departure

of a given year passes progressively to a positive departure of another

year.

I have published such consecutive temperature curves for the entire

series of observations recorded in Batavia^ and "Mew York,* and portions

2 Henhyk Arctowski : L'enchalnement des variations climatiques. Bruxelles, 1009.
» Op. cit., p. 32.
* Hknryk Arctow-ski : On Some Climatic Changes Recorded in New York City. Am.

Geog. Soc. Bull., Vol. 45, p. 117.
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of the curves for many other places are reproduced in tin's memoir. Two
facts of some importance are clearly demonstrated by all these curves:

1) Although there are some most interesting agreements with tlie curve

expressing tlie sun spot cycle, this cycle cannot be considered as being the

main factor producing the pleionian variations, simply because the pleionian

crests and depressions of the temperature curves repeat themselves three to

four times more often than the maxima and minima of the solar curve.

2) The temperature curves for distant stations, belonging to absolutely

different climates, present in certain cases such striking coincidences that it

is impossible to ascribe them to simple chance circumstances. I may add that

the consecutive curves of rainfall, of sunshine records and of atmospheric

pressure display also pleionian variations and demonstrate the fact that we
have to deal with more or less periodical alterations of the atmospheric circu-

lation.

In order to make comparisons, a standard curve was necessary. The

records of the exceptionally undisturbed climate of Arequipa, in Peru,

gave this necessary standard. °

The consecutive temperature curve of Arequipa, for the years 1900-

1910, shows four characteristic crests and four depressions. The curve

of Bulawayo, in Ehodesia, is absolutely similar to the Arequipa curve.

The same may be said about the curve obtained from the Mauritius

observatory' tigures. and for Tananarive, Madagascar. Batavia, Java, dis-

plays also an indisputable resemblance with the Arequipa curve. Xorth

of the equator, Havana gives a similar curve, but the data of San Juan,

Porto Eico, give a slightly retarded curve, and this is a most interesting

fact. Indeed, the pleionian crests of Porto Rico could not be retarded if

these temperature anomalies did not have a tendency to persist combined

with a tendency of displacement.

The question, therefore, was whether all pleionian variations observed

all over the world were not in immediate correlation with the Arequipa
variation. Together with this question, it was necessarv to solve the

problem of the displacement of pleions.

Long-range Variations of Temperature

The waves expressing the changes of temperature are of different

amplitude and different length. If we take monthly means of tempera-

ture, we do not take into consideration the groups of cold and hot waves

which characterize the changes of weather, and we eliminate also the

short diurnal waves of the more or less regular daily variation. If we

*Heneyk Aectowski: The "Solar Constant" and the Variations of Atmospheric Tem-

perature at Arequipa and Some Other Stations. Am. Geog. Soc. Bull., Vol. 44, p. 598.
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take yearly means, the groups of exceptionally cold or exceptionally hot

months are also eliminated, at lea^t to a certain extent. In fact, in a

yearly mean, of a normal value, the effect of a couple of abnormally cold

Tiionths may be balanced by a couple of very hot months, so that the

yearly mean of temperature may remain normal.

The advantage of consecutive twelve mqnthly means* over the calendar

yearly means is that we can detect the effecf of some of the shorter waves

on a yearly mean, giving us at the same time the possibility of locating

seasonal anomalies. Likewise, if we take the consecutive means of groups
of yearly means we will disclose, easier than in any other way, the suc-

cessions of colder and warmer periods during various lengths of time.

Admitting, for the pleionian variations, a period of from two to five

years as the unit of time, we will say that shorter climatic variations are

hra-chyclirone and those that are very much longer than these pleionian

variations are ma^roclione. Besides the ordinary pleions and antipleions

or thermomeions, therefore, we will have to speak of brachypleions and

macropleions, of hrachymeions and macromeions.

The curves of the following diagram (Fig. 1) may serve to explain

more clearly the difference between maeropleionian. pleionian and braehy-

pleionian waves.

The first curve shows the succession of consecutive annual means for

Arequipa. A, B, C, D, are pleionian crests, preceded and followed by

antipleionian depressions. With the exception of the second depression,

which may have been accentuated by the presence of great quantities of

volcanic dust in the higher layers of our atmosphere,^ the depressions, as

well as the crests, show a striking tendency to decrease from 1901 to 1909.

• 1 think that the expression "consecutive means" is just as comprehensilile as the

expression "overlapping means." "progressive means" or "moving averages."
WiLLFORD I. Ki.NC in his "Elements of Statistics" (New York, 1912, p. 160), uses

exclusivel.v the term "moving average."
As far baclv as 1841 Luke Howaro. "On a cycle of eighteen .vears . . ." (Philos.

Trans. Royal Soc. of Ixindon for 1S41. p. 277), utilized consecutive means and called

them "averages on successive cycles."

H. H. Clayton, in his paper "A lately discovered meteorological cycle" (Am. Meteor.

Joum., Vol. 1. p. 130, 1884), used the perfectly comprehensive expression "means of

every twelve consecutive monthly means."
' Many papers have been published recently, concerning the question of the influence

on meteorological conditions of volcanic dust, present in the higher layers of our atmos-

phere. Some information upon the effect of this cause on the observed variations of the

"solar constant" may be found in the following papers :

C. G. Abbot: "Do volcanic explosions affect our climate?" (Nat. Ctnagr. Mag.. Vol.

24, p. 181. 1913.) C. G. Abbot: "The solar constant of radiation." (Trans. Inter-

nat. Union for co-op. in solar research. Vol. 3, p. 201. 1911.) C. G. Abbot, F. E.

PowLE and L. V. Ai-Drich : "The variation of the sun." ( .^stronomische Nachrichten,
Vol. 194, p. 431. 1913.)

C. G. Abbot and F. E. Fowlk : "Volcanoes and climate." (Smithsonian Miscellaneous

Collections, Vol. 60, No. 29. 1913.)
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The punctuated lines show this variation, which is absolutely distinct

from the pleionian variation and may have a period of 18, 19 or any
other number of years. The length of time makes no difference, the only

important fact being that such a long range or macrochronic variation

exists. By eliminating the effect of the pleionian variation, we obtain

macropleionian crests and macromeionian depressions, but it is evident

that for that purpose a long series of meteorological records is necessary.

Fig. 1.—Diaf/rumn of conseciitiie ainiiial ami consecutive monthly means of temperature
at Arequipa

On the other hand, the second curve of the diagram shows the succes-

sion of consecutive monthly means for the years 1906 and 1907 and dis-

plays brachypleions. In the case of Arequipa, the brachypleionian crests

have a mean period of about 55 days.

If we were absolutely certain that the pleionian variations of the equa-

torial regions were due to changes of the energy radiated by the sun, it

Herbert H. Kimball: "Solar radiation, atmospheric absorption, and siiy polarization,

at Washington, D. C." (Bull. Mount Weather Observatory, Vol. 3, p. 69. 1910.)

: "The effect upon atmospheric transparency of the eruption of Katmai Vol-

cano." (Month. Weather Review, Vol. 41, p. 153. 191.3.)

: "A return to normal atmospheric transparency." (Journ. Washington Acad.

Sciences, Vol. 4, p. 17. 1914.)

W. J. Humphreys : "Volcanic dust and other factors in the production of climatic

changes, and their possible relation to ice ages." (Bull. Mount Weather Observatory,

Vol. 6, p. 1. 191.3.)
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would bo reasonable lo restrict the use ol' the word autipleion to tlio

melons due to purely dynamical causes and occurring during the pleio-

nian years of the equatorial regions. In the present state of our knowl-

edge of these variations, however, it is advantageous not to make a dis-

tinction between the direct and the mechanieally proxoked pleions and

melons.

The graphic representation on maps of the positive and negative areas

of long-range variations of temperature gives the position and extent of

the macropleions and macromeions. In connection with thf study of

these maps, expressing long-range variations, the following |ii-oblcins have

to be taken into consideration :

1) The existence of periods of a f^iven number of years, as IS, lit, :i."> or

some otlier number, having been admitted, it is nt'cessary to vorifj- to what

extent the variations of arbitrary selected stations may cliaracterize long-range

variations for a given country or. let us say. the (luestion is to know whether

macromeions and macropleions appear and disappear i)eriodically.

2) Having admitted a presumal)ly universal long-range variation, of al)out

thirty-five years duration. Briickner has called exceptional regions (Ausnah-

megebiete) some continental areas where the departures of lustra-means were

oi>I»osite to the admitted variation. If such is the case, we should observe

macromeions on these areas corresi)ouding in time and location to macr()i)leioiis

of the miiversal variation. The question is whether the maps justify such a

hypothesis.

:{) 1 >iftei-eiit authors. Blanford, Kremser. Lockyer. Ilildebrandsson. Meinar-

dus and Mossman among others, have noticed perfectly ch.aracteristic seesaw

variations between given localities. In most of these investigations, only

seasonal variations have been studied. Supposing, liowever. that there is no

regular periodicity in the variations of long duration, we may ask whether

there are corresi>onding areas of simultaneous occurrence of the macrochronic

I)leions and melons.

Satisfactory solutions of these three problems would advance verv-

greatly our knowledge of the climatic changes. .1 even think that a scien-

tific understanding of these changes would elucidate, lo a great extent,

some of the ditficulties encountered in the study of these very much more

important climatical variations which occurred in prehistoric times and

which are studied from the point of view of geological records.^ and also

such historical variations as those which, recently, have been most suc-

cessfully studied by Ellsworth Huntington.

Unfortunately, the main difficulty lies in the lack of precision in our

meteorological records. In order to discuss the long-range variations of

* Die Veriinderungen des Klimas scit dem Maximum der letzten Eiszett. XI Intern.

Geologen Kongress. Stock lidlni, I'.no.
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temperature in the United States, I took the tables of Frank H. Bigelow*

and, to my great astonishment, found that for some stations the depar-

tures of the annual means from the normal values are misleading.

The yearly mean temperatures of Chicago and Milwaukee, for exam-

ple, illustrate my assertion. On Bigelow's tables the means of the first

decade of years are 49°.5 and 45°. 7 F. For the years 1873-1882 we

have, therefore, a mean difference of 3°. 8. The means of the last decade

(1896-1905) are 48°. 3 and 46°. 1, figures which give a difference of only

2°. 2. Considering decades of years, the increase is 0°.4 in Milwaukee,

whereas there is a decrease of 1°.2 in Chicago. These stations are too

close to one another to admit such a disagreement of figures, and it is

evident that something is wrong in the records of either Chicago or Mil-

waukee. Of course, a difference of 1°.6 is not a very large figure and this

difference may be due entirely to the variations of the town influences.

The records of Port Huron, Detroit and Toledo may serve as another

example of misleading discrepancy. Considering again ten yearly means,

the differences between the means of 1876-1885 and 1886-1895 are 0°.l

for Port Huron, 1°.4 for Detroit and 2°.4 for Toledo. It seems highly

improbable that a decrease of temperature of 2°.4 could occur at Toledo

simultaneously with a decrease of only 0°.l at Port Huron. Now, com-

paring the departures of overlapping ten yearly means, departures from

the general means or normals, we notice that one or two of these series

of observations must certainly be considered non-homogeneous.

Likewise, the departures of Knoxville compared with those of Cincin-

nati, Memphis and Augusta show plainly that the records of Knoxville

are unsatisfactory.

These examples demonstrate how cautious one has to be in dealing with

long-range variations of temperature. The changes of the mean tem-

peratures due to climatic variations of long duration are small and an

apparently insignificant cause of error may modify the values of a series

of observations to such an extent that the actual variation will be com-

pletely disguised. It is therefore easy to understand that even the best

available figures
—such as those of Bigelow's tables, for example

—lead

only to a sort of rough approximation.
T will pass now to the exposition and discussion of the results of my

calculations.

On Bigelow's tables, there are fifty stations having continuous records

from 1873 to 1905, but only five belong to the plateaux and Pacific coast,

namely : Cheyenne, Denver, Portland, San Francisco and San Diego. In

" Report on the temperatnres and vapor tensions of the United States. U. S. Dept.
of Agric. Weather Burea\i, Riill. S. 1000.
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order, therefore, to have a better idea of the variations in tlie far western

states, I had to take fourteen more stations whose records begin a few

years later than 1873. I made, for these sixty-four stations, consecutive

totals of ten-yearly means and the departures of these totals from the

general or normal means of Bigelow's tables, and then I inscribed the

figures so obtained on maps and drew the lines of equidepartures.

When one takes into consideration the facf that some of the departures

are obviously wrong, the series of observations not being homogeneous,
and when one looks on the maps and sees how far apart some of the sta-

tions are and how problematical these departures are, one arrives at the

conclusion that all that may be said about long-range variations of tem-

perature is to a great extent purely hypothetical.

It is undeniable that long-range variations exist, but a search for the

periods of these variations is at present hardly justifiable, as an inspection

of my maps demonstrates at once. The oscillations of temperature are

indeed the product of a dynamical plienomenon, and it is of course only

in the case of stationary oscillations that the phenomenon would be sim-

ple enough to allow the application of statistical methods to its study.

Since, however, the phenomenon is dynamical, all (apparent) knowledge

gained by a purely statistical treatment of the subject is defective and

may be discarded, or must at least be considered as being an insufficient

proof.

Let us examine the maps.
The departures for the decade of 1873-1883 give a map showing the

existence of a macropleion covering practically all the area of the United

States and extending most probably far north into Canada and south

over the West Indies. Negative departures^" are to be observed along

the Atlantic coast, in Boston, New York, Philadelphia and Wihnington,
and also in San Diego, Calif. The positive departures are highest in

Duluth, La Crosse, Chicago, Indianapolis, Cincinnati, Nashville and,

farther south, in Key West, where the departure is -{- 0.9 F. The highest

figures are -f- 1.3 in La Crosse and Cincinnati. The macropleion has a

well marked crest extending NNW.-SSE.

During the following couvsecutive decades, this crest persists with a

striking tendency to assume a N.-S. direction and, at the same time, we

notice a slow displacement of the macropleion toward the south and the

more or less gradual development of a macromeion in tlie west.

A radical change in this nearly stationary situation occurs between the

decades 1877-1886 and 1878-1887. I reproduce the following four maps

" The figures — 0.3 for Pittsburgh and KnoxvlUe are considered as being evidently

wrong.
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to illustrate the fact (Figs. 2-5). These maps show perfectly a circular

movement in a clock-wise direction. This displacement is gradual and

the inspection of the maps leaves no doubt about the dynamic character

of the climatic change. It also appears evident that the phenomenon is

confined to the N^orth American continent : the macromeion takes the

place of the macropleion and both persist and stay on the continent : the

macropleion has been pushed over the West Indies and Mexico in order

to take the place of the macromeion over the western states, but has not

been pushed away, over the Atlantic, toward Europe or Africa.

Fig. 2.—Macropleion. 1878-1887 Fig. 4.^Macromeion. 1880-1889

Fig. 3.—Macropleion. 1879-1888 Fig. 5.—Macromeion. 1881-1890

The maps of the following consecutive decades again show a more or

less stationary situation and a gradual development of the macromeion

toward the south: for ] 883-1892 the departures are already negative in

the southern states and become more so for the decade 1885-1894.

Hence, a rotary movement of this macromeion, similar to that of the

macropleion of 1873-1882 and the following decades, would be expected.

This, however, is not the case. The displacement occurs, but in a pre-

cisely reversed direction. The western macropleion spreads out toward

the south, meets (1888-189?) a macropleion which progressively devel-

oped itself over the southern Atlantic states, and moves rapidly north.
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From 1889-1898 until 189G-1905 we liave once more a nearly station-

ary situation with a gradual and slow contra-clockwise pendulaiioii. The

following maps (Figs. 6-9) will serve to illustrate the ])rogressive change

which takes place.

Insisting oiu-e more upon the fact that, in many ca,<es, the de})artures

utilized are most problematical and that ihe nuips must he considered to

be very inaccurate, 1 cannot refrain from drawing some more conclusions

gained from the inspection of these maps.

Fig. 6.—Marroitlcion. 1893-1902 Fic. 8.—Macropleion. 189r,-i90!,

l"ii;. 7.—MamiitlciiiH. lS'.i',-tmA Fig. 9.—Macropleion. Jfiud-juo:/

The following table (Table I) gives the highest and lowest departures

for each decade of years. The corresponding totals show the amplitudes
of the anamolies of temperature represented graphically on the ten-yearly

maps. The highest figure is 1°.7 F. The amplitude of the macrochronic

variation is therefore very small. In other words, as far as temperature
is concerned, the changes of climate are restricted to narrow limits.

^^

The smallest amplitude is 0.9 and not 0, as it ought to be, if we had to

deal with regular seesaw movements.

" It is interesting to note that T have previously found a similar fijinrc for Furope.
The departure maps for the decades of IS.'".! -liMKl ( I,'(>nclia1in nieiit des variations eli-

mati<iues, p. '.iH\ show a liijiliest ampntiuie of 1".! (\^]''.!'8 F.
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Table I.—Extreme departures

Decades
"'^'"dlpamires'""^

Difference Mean

1873-1882 +1.3 -0.4 1.7 +0.45
1874-1883 +1.3 -0.4 1.7 +0.45
1875-1884 +1.2 -0.5 1.7 +0.35
187G-18S5 +1.0 -0.4 1.4 +0.30
1877-1886 +1.2 —0.4 1.6 +0.40
1878-1887 +0.8 —0.4 1.2 +0.20
1870-1888 +0.7 —0.7 1.4 0.
1880-1889 +0.6 —0.9 1.5 —0.15
1881-1890 +0.5 —0.9 1.4 —0.20
1882-1891 +0.5 —0.9 1.4 —0.20
1883-1892 +0.6 -1.0 1.6 —0.20
1884-1893 +0.5 —1.0 1.5 —0.25
1885-1894 +0.6 -0.8 1.4 —0.10
1886-1895 +0.3 —0.7 1.0 —0.20
1887-1896 +0.3 —0.6 0.9 —0.15
1888-1897 +0.5 —0.4 0.9 +0.05
1889-1898 +0.7 —0.5 1.2 +0.10
1890-1899 +0.6 —0.6 1.2 0.
1891-1900 +1.0 —0.6 1.6 +0.20
1892-1901 +0.9 —0.6 1.5 +0.15
1893-1902 +1.0 —0.6 1.6 +0.20
1894-1903 +1.1 —0.8 1.7 +0.15
1895-1904 +0.7 —0.8 1.5 —0.05
1896-1905 +0.8 —0.7 1.5 +0.05

Now, if we take the colimm expressing the highest departures, or

crests of the macropleions, we notice a well-pronounced variation of

about nineteen years duration. The means of highest and lowest depar-

tures also display a difference of about nineteen years between the wann-

est decades.^"

It is interesting to note that a period of nineteen years was advocated

long ago by H. C. EusselP^ and recently by William J. S. Lockyer.^*

The figures of my table are too uncertain to serve as a strong argu-

ment in favor of Russell's period. I give them simply to illustrate a

method of research which is highly recommendable.

To sum up the results obtained by the inspection of the maps, I will

say that the long-range variations of temperature of particular stations

in the United States are due to irregular pendulations of macropleions
and macromeions, that these pendulations are complicated by the exist-

ence of slight seesaw movements (or vibrations) which increase or de-

crease the departures, making the macropleions more or less accentuated,

and that, finally, the entire system of macropleions and macromeions

m.oves up and down. This last movement is shown on the maps by an

increase in size of the macropleions and a decrease of the macromeions

or vice versa. This is the real long-range variation. The decade of

12 The lustra means of the temperature ohserved in New York City demonstrate this

variation very clearly. (Am. Geogr. Soc. Bull., Vol. 45. p. 124. New York, 1913.)
" H. C. Ris.SEr.L : "Meteorological periodicity" (Journ. Roy. Soc. of N. S. W., 1876,

p. 151).
" Solar Physics Committee. A discussion of Australian meteorology, p. 66. London.

1909.
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1873-1882 is a typical example of a widely spread-out macropleion, while

the decade of 1883-1892 shows a predominant macromeion.

The next problem to be taken into consideration is whether the maxi-

mal deveh)})ment of macropleiona occurs simultaneously on the different

continents.

I have already published the departure maps of the five decades from

1851-1900 for Europe/'^ but I think that it would be useless to make

comparisons without the aid of consecutive maps. Therefore it may be

that the increase in temperature is simultaneous on both sides of the

Atlantic or that, on the contrary, there are compensations,
—it may also

be that there are correlations in the movements of the macropleions or

even pendulations of a higher order. I have to leave these questions

unsolved. They concern the last and most important of the three prob-

lems of long-range climatic variations mentioned at the beginning of

this discussion. I may venture to add that this is also the only prol)lem

which remains to be solved, because the second problem concerning long-

range variations, mentioned above, does not harmonize with the dynam-
ical conception of climatic variations which must be admitted.

European Temperature Data for 1900-1909

It is really astonishing that after all the efforts which are made, all

over the world, to organize and maintain meteorological stations, mainly

for the purpose of collecting data, the actual results of the work which is

done are as inaccessible as they are.

It seems to be a very simple matter to take into consideration the

European temperature data for the years 1900-1909 in order to discuss

the results, but it is not so. I had in view the yearly means of these

years. One would think that in a town like Xew York City all the pub-

lications where these figures are recorded could be easily found. This is

a mistake. In order to have the necessary data I had to obtain them by

correspondence. I express therefore my thanks to the Directors of the

different meteorological institutions who helped me in my work by pro-

viding me with the necessary data.

In the following tables (Table II) I give the annual means in form

of departures from the means of the decade 1900-1909. All the figures

are degrees centigrade.

" Op. cit., pp. 40-42.
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The records of France, Spain, Portugal, Italy, Servia, Turkey and

Greece have not been taken into consideration. For Kussia, Austria,,

Belgium, Holland and Switzerland I had only a small selection of data..

For Russia, in particular, the number of utilized stations is absolutely

insufficient.^*' For Great Britain I have taken the district means. In.

reality, then, I have taken into consideration only Scandinavia and Cen-

tral Europe, and European Russia simply for the sake of orientation.

It would seem that the figures of more than four hundred stations;

ought to give a very accurate idea of the variations of temperature which

occurred during 1900-1909 in Central Europe.

This is true only to a certain extent.

First of all there are some local complications due to orographical con-

ditions. To try to discuss these complications would lead me too far

afield and would necessitate still more data.

I had in view simply to get a general idea of the geographical distribu-

tion of the annual departures of temperature and, for that purpose, I had

just enough data.

The area covered by Scandinavia and Central Europe is absolutely in-

sufficient to give the necessary maps for a clear understanding of the

climatic variations which take place. Europe is but a fragment of an

immense continent : the old world of Asia, Africa and Europe, and the

variations of temperature which occur in Central Europe evidently de-

pend on those which occur in Asia, in the Arctic regions, on the Atlantic

and perhaps also of those which occur in Africa, in Equatorial Africa

and the Sahara in particular. Central Europe is probably the least favor-

able spot on the earth's surface to be taken into consideration for the

study of climatic variations. There, the variations are far too compli-
cated to be understood easily. It would have been a great advantage to

me, if I had had the data of all the Russian stations, those of Siberia and

Turkestan in particular, and also the Indian data; but then I would

have had to face such a number of new problems that it would have been

quite impossible to stop the research work in order to write down the

results obtained.

The ten European departure maps which I publish now (Figs. 12-21)
are simply first material for further researches. These maps are most

suggestive for many special investigations. In order to advance, how-

ever, I will avoid details as much as possible and will pass at once to the

main question : the cause of pleionian variations.

^' It Is my intention to study more in detail tbe variations of temperature which oc-

curred during the years 1900-1909 in Poland, the Russian Empire and India as soon as
circumstances permit.
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Besides the Scandinavian countries, for which I had the complete
record of observations, I had at my disposal the monthly means of tem-

perature of Bucarest, Kazan, Warsaw, Odessa, Aachen, and Geneva. I

made consecutive twelve monthly totals for these stations and also for

Bodo, Sydvaranger, Haparanda, and Vestervig. On the following dia-

grams (Figs. 10 and 11) I i-eproduce these totals graphically, together

with the curve of Arequipa, wliich will serve as a type of the direct solar

variation in equatorial regions.

Fig. 10.—Curves of the conaevtitive means at liucharest, Odessa, Warsaw, Kazan and

Arequipa

The striking fact which is exhibited on these curves is that the varia-

tions of the European regions having a frankly continental climate are

radically different from those which lie under the prevalent influence of

the Atlantic. The curve of Kazan exhibits tendencies of increase of

temperature followed by tendencies of decrease in regular successions,

a variation repeating itself independently of the seasons of the year, just

as in Arequipa. In Bucarest and in Warsaw we have also the typical

pleionian variation. The curve of Aachen, on the contrary, is absolutely

different. There we have small ups and downs entirely disfiguring the
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pleioniaii curve. The Aachen curve is characterized by brachychronic

variations of small amplitude.

In northwestern Europe, then, the brachypleions must have a pre-

dominant importance, whereas they do not affect eastern Europe very

greatly. The curves of the Scandinavian stations, on the other hand,

belong to a mixed tvpe of pleions and brachypleions. Here we may have

Fig. 11.—Consecutive temijeratnre curves at Geneva, Aachen, Vestervig, Bodii,

Haparanda and Sydvaranger

a succession of several years during which the changes of temperature
will be slow and great, as in Russia, followed by a succession of years of

shorter and more irregular changes entirely different from those of Russia.

It would seem that there are pleionian and brachypleionian areas and

that the border between them may temporarily beldng to one area or the

other. In reality, however, things are more complicated because the

pleionian and brachypleionian variations are coexistent over more or less

large areas. The comparison of the curves shows this very plainly.
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If we now compare more closely the curves of Kazan, Warsaw, and

Bucarest with the Arequipa curve, we notice sufficient similarities to

grant that tlie primary cause of the Kussian variations is most probably

the same as that which produces the equatorial variations. The main

cause of the complications in the geographical distribution of the excess

and deficiency of temperature has to be ascribed to the perturbations of

atmosplieric circulation and transport of water vapor. We have to admit

that if the value of the solar radiation changes, the temperature at the

earth's surface must change; but the total atmospheric pressure remains

the same. Consequently, a rise or fall of temperature must produce

abnormal changes in the distribution of atmospheric pressure. These

changes will affect the winds, the rainfall, and also the temperature.

The normal, or let us say the Arequipa, variation of temperature must

therefore undergo, in different regions, all sorts of modifications due to

the local conditions of atmospheric circulation.

This fact explains the coexistence, and mutual dependence, of pleions

and antipleions and explains also, to a certain extent, the persistence and

more or less progressive displacement of the pleions from one region to

another.

On the other hand, some, at least, of the brachypleions may be con-

sidered as peripheric trepidations of the pleions.

At present this interpretation is evidently but a simple working hy-

pothesis for investigations yet to be made. It will, however, be suffi-

cient to compare the curves of Aachen and the Scandinavian stations

with those of figures 59 and GO to arrive immediately at the conclusion

that the brach^'pleionian oscillations are not at all a particularity cliai-

acterizing the purely maritime climate of oceanic islands, as at first one

would have been inclined to think.-

The temperature scale not being indicated on the diagrams (Figs.

10 and 11)1 give in the following table (Table III) the values of the

highest and lowest consecutive means and their differences. These fig-

ures are °(*. It would have meant too much work to reduce all the fig-

ures utilized to draw the curves into mean temperatures and into °C.

The utilized figures are simply totals of twelve monthly means. In the

ca.se of °('. T added fifty to all figures in order to avoid the negative

values of the winter months. For totals of °F. the figures of course give

an apparently greater amplitude of variation to the curves. The pre-

ceding table will serve to make comparisons possible in case anyone would

like to examine the amplitudes of individual crests. For my present

purpose such comparisons are unnecessary.
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Table III.—Extreme values of consecutive means

Highest Lowest
Difference

Geneva 10.3 8.4 1.9
Aachen 9.7 8.2 1.5
Vestervig 8.3 6.1 2.2
Bodo 5.2 2.9 2.3
Sydvaranger +0.8 —3.5 4.3
Haparanda +2.1 —2.3 4.4
Bucharest 11.0 9.0 2.6
Odessa 11.9 8.4 3.5
Warsaw 9.3 6.4 2.9
Kazan 0.0 1.4 4.6

Passing now to the description of the maps, we will immediately
realize the usefulness of the curves of consecutive means, because these

curves eliminate the possibility of hazardous speculations about the dis-

placement of the pleions from one year to another. Instead of such

superficial considerations, we will find the way to study systematically

the progressive transformation of the maps, a task which I cannot under-

take at present not having the monthly means for all, or at least a large

number of stations.

The map giving the distribution of the departures for 1900 (Fig. 12)

is practically identical with the map of the same year I have traced,

utilizing the departures from the means of 1891-1900.^^ This demon-

strates very clearly the fact that annual departures from ten yearly

means serve perfectly to indicate the position and shape of pleions and

antipleions.

On the present map the quasinormal line crosses Denmark, Soutliern

Sweden, Curland, and forms a cun-e across Eussia toward the Azof Sea.

Xorth and east of this line the departures are negative, south of it they
are positive. The antipleion forms an immense wave with two centers

of lowest values, one in Scandinavia, the other in Eastern Eussia. In

Sweden the greatest negative departure occurs at Quickjock and is

— 2.0 C. The Eussian data do not permit of locating the eastern center

of the antipleion exactly. In Kazan the departure is — 1.0. The

highest values of the pleion are + 1.5, in Hungary. The pleion is

broken up in central Europe by an area of low values. In southern

(lermany and Bohemia, the departures are below -f- 0.5 and decrease

to 0. along a line extending from the Belgian frontier into Bavaria.

The map of 1901 (Fig. 13) shows a radical change in the distribu-

tion of temperature. Where we had a negative wave we now have a

positive wave. The pleionian departures are + 1-2 in Swedish Lapland
and -|- 1.3 in southern Eussia. The quasinormal line goes from Gre<at

Britain across Germany and Austria towards Eumania. The lowest

departures of the antipleion are — 0.7 in Erfurt and — 0.8 in Gottschee,
in Krain.

17 Op. cit., p. 121.
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B"'iG. 12.~Tem perature ilei)arturc>< fur the year JUOO

Fig. 13.—Temperature departures for the year 1901
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Fig. 14.—Temperature departures for the year 1902

Fig. 1.5.—Temperature departures for the year IVOS
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Naturally one asks whether the antipleiuii of 1900 went down or the

pleion went up. The consecutive curves will orive some indication about

the displacement which took place: The j)lci()iiiiiii crest passed Kasan at

the consecutive mean: Sept. 1900-Aug. IIMH. In lTa))aranda, Bodo

and Sydvaranger the crest occurs at the mean of Nov. 1900-Oct. 1901.

In Vestervig and Aachen, Feb. 1901-M^rch 1902.

We must admit therefore that, most pr(?bably, the displacement went

from northeast to southwest, but the map shows the existence of an

antipleion over the White Sea. Moreover, in 1901, the consecutive curve

of Kazan is on the descent. The same is true in northern Scandinavia.

If we consider the dates of the occurrence of the minimum, we find:

Sydvaranger, Maparanda, Bodo, November, 1901-October, 1902
; Kazan,

1902; Vestervig, Warsaw, Bucarest, February, 1902-January, 1903;

Geneva, May, 1902-April, 1903. There is, therefore, a progressive in-

vasion of a negative wave coming from the White Sea and spreading out

towards the southwest and south. The map of 1902 shows plainly the

importance of this antipleion.

This characteristic antipleion, with a departure of— 3.1 at its center in

Mezen, follows closely the first depression of Arequipa. Therefore, a de-

tailed study of the meteorological phenomena of 1902 would be most

instructive if one took, besides the European data, those of Asiatic Russia

and India. The distribution of the equideparture lines on the map (Fig.

14) shows plainly the dynamical character of the phenomenon.
It would not be veiy difficult to find out how this antipleion invaded

Europe and the reason why could be traced as well, and correlated with

the equatorial variation of temperature.

The map (Fig. 15) of the departures for 1903 is just as interesting as

the map of 1902. There is an important rise of temperature over all the

area with the exception of southwestern Europe, Ireland and Scotland.

Now there is a pleion centered over Russia, where the departures are

-|- 1.5 in Pernau, Vologda and Vychnyi Volotchek.

^Vhat became of the antipleion of 1902? Did it go towards the At-

lantic and the south, or was there a rise of temperature in situ without

any displacement?

The consecutive curve of Geneva (Fig. 11) shows that the antipleion

of 1902 certainly did not cross Switzerland to go south
;
but the curves

of Sydvaranger and Haparanda are very steep immediately after 1902,

the curve of Warsaw (Fig. 10) shows a regular and progressive ascent

from 1902 until 1903, while the curve of Bucarest, on the contrary,

shows a slow ascent followed by a very much faster increase of tempera-

ture towards the end, and there the values remain high till t]u> mean of
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tj

Fig. 16.—Temperature departures for the year 190i

Fig. 17.—Temperature departures for the year lyuo
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Fig. 18.—Temperature departures for the year l'J06

Fig. 19.—Temperature departures for the year 1907
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September, 1903-Augiist, 1904. Consequently, consecutive maps would

show that the formation of the pleion began in the north and extended

progressively south or southeast.

The map of 1904 (Fig. 16) shows a distribution of the equideparture

lines similar, to a certain extent, to that of 1901
;
but the sign of the

departures is reversed, since we have now an antipleion where we had a

pleion in 1901. The consecutive curves are again a great help towards

the understanding of what liappened. If we consider this depression

of temperature as being due to the same cause as that of Arequipa, we-

may say that in Kazan the reaction is felt first, then in Warsaw and

finally in Bucarest, where it is very much retarded.

In Scandinavia the phenomenon appears to be more complicated.

There we have two distinct depressions. One is coincident with that of

Arequipa, as the curve of Vesterwig shows, and the other is greatly re-

tarded. It may be that the second depression of Haparanda and Sydva-

ranger is due to a propagation of the antipleion first formed in Eussia.

The map of 1905 (Fig. 17), if considered from the same point of

view, represents the formation of a pleion and that of 1906 shows the

same pleion after the maximum of its development.
The most important crests on the curves of Kazan and Bucarest occur

between 1905 and 1906 and correspond to an Arequipa crest. In War-
saw we notice fluctuations

; the same in Scandinavia, where they are even

more pronounced. This pleion must have been Asiatic.

In 1907 (Fig. 19), there are residual pleions over Scandinavia and

central Europe and an antipleion over Russia.

Between 1907 and 1908 the curves of Warsaw, Bucarest and Geneva

show the Arequipa crest.

This fact demonstrates that the Russian antipleion did not spread out

progressively over central Europe, as a comparison of the maps of 1907

and 1908 seems to indicate. On the contrary, an important interruption

occurred, during which a brachypleion (corresponding to the Arequipa
crest of 1907-1908) came from the south and invaded southern and west-

ern Europe without affecting the Russian antipleion. Finally, this Rus-

sian antipleion of 1908 went west in 1909 (Figs. 20 and 21). The con-

secutive curves, the curve of Geneva in particular, leave no doubt about

this fact.

The main result gained by the study of the maps is that, during the

years 1900 to 1909, the pleions and antipleions did not move from the

Atlantic across Europe towards Asia. On the contrary, the displace-

ment was from the northeast towards the southwest, or from the east

towards the west. Moreover, these displacements did not cross the areas
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1906

^ \l ^*^^' '^-^ -^

Fig. 20.—Temperature departures for the year J'.ioS

Fig. 21.—Temperature departures for the year 1909
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of maritime climate.. One may say, therefore, that the big pleionian

variations of Europe are a purely continental and, perhaps, Arctic

phenomenon.
It would be premature to attach any importance to the locations of

origin of particular pleions. The areas where they are formed, in situ,

are probably not always the same. Besides, the question whether a pleion

is of an Asiatic or arctic origin has no importance for the present, simply

because it would be absolutely premature to discuss the reasons why,

under the influence of a temporary increase of solar radiation, one loca-

tion of the polar or temperate regions is more favored than others.

It is evident that a temporary increase of energy radiated to the earth's

surface, during, let us say, three months in succession, will not directly

influence the temperature of the arctic regions if it occurs during the

winter months of the northern hemisphere, whereas the antarctic regions

will be greatly influenced.

The question of the formation and development of pleions, outside the

equatorial regions, must be studied together with the seasonal changes

of atmospheric pressure and the temporary alterations of. atmospheric

circulation, nebulosity, rainfall, etc. I intend to make such a study for

particular pleions and especially for brachypleions. The fact, however,

that in Eussia there are some striking coincidences between the forma-

tion of pleions and the crests of the Arequipa curve is a most convincing

proof of a common cosmical cause of these variations.

American Temperature Data for 1900-1909.

Since the equatorial or Arequipa variations of temperature can be ob-

served not only in Russia but also along the Atlantic coast of the United

States, in New York in particular,^^ it was really fascinating to follow

more closely the changes in the distribution of temperature which oc-

curred simultaneously in different regions of the North American con-

tinent. Here, it was possible to follow the phenomenon from ocean to

ocean, over a much more extensive area than that of central Europe, and,

this area being more isolated, it is self-evident that more definite results

were obtainable.

A research, apparently similar to mine, was made long ago by Helm

Clayton.^® It was only after my investigations were nearly completed
that I noticed the fact and Clayton's writings have therefore not at all

influenced my work. Clayton studied the monthly departure maps pub-

1* H. Arctowski : "On some cHmatIc changes recorded In New York City." Bull.
Amer. Geogr. Soc, Vol. 45, p. 117. New York, 191.3.
" H. Helm Clayton : "Weather changes of long period." Amer. Meteor. Journ., Vol.

2, p. 126. Detroit, 1885.
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lished in the Monthly Weather JJeview of 1884 and 1885, and I'or the

sake of comparison I give his conclusions below.^° The results I have

obtained so far are so different from those of Helm Clayton that it is

perhaps necessai^ to insist once more upon the fact that my maps are

annual (l('])ai'tiirc nuips, whereas the maps utilized by him were monthly

departure maps. Even in the case of monthly maps of temperature,

however, Clayton's generalizations must be considered as sim])ly plausible

hypotheses, which may disagree with the observed facts. The departure

maps for the months from August to November, 1912 (see Monthly
Weather Eeview), will serve as an example.

'I'he method of research 1 have adopted is evidently the same as that

of Clayton'^ and the pleionian variation, of equatorial regions in par-

ticular, is certainly the same phenomenon as the meteorological cycle

of twenty-five months' duration discovered by Clayton,-^ or the longer

cycle, of about three years, advocated by Lockyer and others.

Though the method of using consecutive means, and tracing departure

maps, has already been used long ago, it has not yet been applied to the

scientific study of climatic variations in a suflficiently extensive and

careful way to lead to the results of general interest and practical ap-

plication which we might expect to obtain.

Before entering into the details of the description of the departure

maps of the years 1900 to 1909, I will take into consideration the geo-

graphical j-epartition of the range of variation of the annual means of

temperature.

On Bigelow's tables-^ T have formed the differences between the high-

"""1. There are areas of baromodic depression, and clovatioii, whli'li occupy weeks
and months In their movements across the continent from West to East.

"2. There exist, independent of the movements of areas of barometric depression, and
eievatlon, nniiieroiis seesaw oscillations in the pressure whicli liavc bw^n given tlie name
of surpes.

"3. In front of and to the south of areas of barometric dejiression of slow movement
and long duration, as in those of rapid movement and short duration, the temperature
is above the normal : and below the normal north of them and in their rear which is

usually the fr(mt of barometric elevations. In front of, and to the sontli of. areas of

barometric elevation of lotifr [icriod. as in those of short period, the temperature is below
the normal, and above north of them and in their rear which is usually the front of

depressions. (In winter the area of warmth approaches and usually includes the area
of lowest pressure, and the area of cold aiiiiroacbes jind usually includes the area of

highest pressure; in summer, vice versa.)

"4. In front of, and within, baroineti'ic deiu-essions of long period, as In those of

short, the rainfall is above the normal, and below, in their rear. In front of, and
within, barometric elevations of long period, as in those of short, the general tendency
is towards fair and clear weather with deficient rainfall.'"

^ IlEN'itv IIkl.m rr.AVTON : "A projiosed new method of weather forecasting by analysis
of atmospheric conditions Into waves of different lengths." Monthly Weather Ueview,
1007. p. 161. See also :

IIe\ry Gawthrop : Temperature curves (lliid., ji. .")7C),

=2 American Meteorological .Tournal, Vol. 1. p. 1 ."^0. 1SS4.
" Op. cit., Bull. S.
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est and lowest annual means. The geographical distribution of these

figures is most interesting. The highest differences are those of Bis-

marck, Duluth, St. Paul and Marquette. The figures are respectively

9°.8, 9°. 7, 9°. 5, and 9°.4 F. In Xorth Dakota and the Lake Superior

region the range of possible variation of the annual means is therefore

above 9°F. From that region, the values diminish progressively towards

the east, south and west. The line limiting the region where the differ-

ences are above 5° goes from Portland, Ore., towards Salt Lake City,

North Platte, Hannibal. Lynchburg and from there northeast, along the

Atlantic coast. The difference 7°. 2 for Portland, Me., is too high. The

series of observations taken in Portland, Me., is evidently not homo-

geneous. The values of 5°. 5 for Los Angeles, 5°.8 for El Paso and

San Antonio are also probably too high, since the line of 4° goes from

Eureka southward over Sacramento toward San Diego, then eastward

towards Little Rock, Memphis, Atlanta and Wilmington.

The lowest value. P)°.l for San Francisco, and the value 2°.8 for the

shorter series of observations of Corpus Christi and Jupiter, are not very

much higher than the differences 2°.l and 2°. 6 of the pleionian crests

and antipleionian depressions of the consecutive curves of Arequipa and

Bulawayo. It follows that if, all over the United States, the varia-

tions are primarily due to pleions, having the same cause as the equa-

torial pleions, the phenomenon would be four times more pronounced

at the center of the ISTorth American continent—in Winnipeg, let us

say
—than under the equator. Of course, in the case of the brachypleions,

the difference would probably be very much greater, and if the results

obtained from the study of the interdiurnal mean variabilities of temper-

ature-* are taken into account we must be impressed by the similarity

of the results obtained. Evidently, the continentality must have the

same exaggerating effect on climatic variations that it has on the cold

and warm waves characterizing the changes of weather.

I will pass now to the study of the annual departure maps.
'

The figures utilized have been taken from the Annual Reports of the

Weather Bureau and those of the Canadian stations were copied from

the Summaries of the Monthly Weather Review. In Table lY, I repro-

duce the means of the decade 1900-1909 and the annual departures from

these means for all the utilized stations. These figures were inscribed on

maps and equideparture lines drawn. The ten maps thus obtained are

reproduced as figures 22-31.

"J. Hann : "Untersuchunsen uber die Veriinderllchkelt der Tagestemperatur." Sltzi

Math. Nat. CI. Acad. Wlss. Wlen, Vol. 71, 11, p. 571. Wien, 187.5.
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Fig. 22.—Temperature departures for the year J'MO

Fig. 23.—Temperature ileparturts for the year 1!>0I
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190Z

Fig. 24.—Temperature departures for the year 1902
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Fig. 25.—Temperature departures for the year 190S
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Leaving for the present the curves of consecutive means and the con-

secutive maps, which will serve later for a better comprehension of the

dynamic phenomenon of tiie transformation of one map into another, I

will describe these annual departure maps and formulate questions and

.suppositions, just as 1 did in my former research into the variations of

temperature during the years 1891-1900.'

The map for 1900 (Fig. 22) is peculiar in that the departures are

above the average all over the States. The quasinormal line follows

the Ciulf of Mexico from Corpus ('hristi over New Orleans towards

Tampa, Fla. At Key West the departure is — 0°.5 F. Porto Rico be-

longs to the pleionian area. In Bermuda the mean equals the ten-yearly

mean. In the northeast there are negative departures in New Brunswick.

The pleion has two centers, one in South Dakota, the other in Penn-

sylvania. The highest departures are -|-2°.2 in Valentine, Neb., and

-\-2°A in Harrisburg, Pa. The equideparture lines of -j- 1°.5, sur-

rounding these centers, are separated by a strip of lower departures ex-

tending from Lake Huron towards Oklahoma. ^^

The map of 1901 shows a pleion in the west, an antipleion in the east

and another pleion having its center south or southeast of Nova Scotia.

In Newfoundland the departure is + 0°.8 C.= + 1°.4 F. at St. Johns.

It is above -|- 2° in Nova Scotia. The highest departures of the western

pleion are + 2°. 2 (Bismarck, N. Dak., and Pierre, S. Dak.), whereas the

highest departure in 1900 was -f- 2°. 8. The center of the antipleion is

at Macon, where the departure is — 2°.0. Comparing the maps (Figs.

22 and 23), it looks as if the antipleion came from the Gulf of Mexico

pushing the eastern center of the pleion of 1900 from Pennsylvania over

Nova Scotia and New Foundland, while the western center remained

stationary.

The map of 1902 (Fig. 24) is very different from that of 1901. The

positive as well as negative departures are smaller; the contrasts between

the pleions and antipleions are less accentuated than in 1901. The out-

lines of the areas affected by positive and negative departures are com-

plicated. The nuip gives the impression of representing intercrossing

waves. It is as if the western pleion of 1901 had been cut in two and

as if the two centers had been moved nj);u-t: the center of South Dakota

northwesterly into Manitoba and the center of Utah southeasterly to-

wards Texas. An antipleion separates these pleions and, perpendicularly

to this furrow, a ridge of positive departures extends from Louisiana to

Nova Scotia. The antipleion of the west also has the shape of a wave.

=sThe departure of +0°.2 at Chicago is evidently incorrect. Tlie departure — 0°.l

of Fresno, Calif., Is Illiewlse in contradiction with the other Californian data.
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Fig. 26.—Temperature departures for the year ISOi

Fig. 27.—Temperature departures for the year J905
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The question is whether this antipleion, extending from Alberta to Lower

California, came from the Pacifie or is the southeastern antipleion of 1901

which moved across the States.

Nineteen hundred and three is a year of a predominant antipleion

covering nearly the entire area of the United States and extending north

and south into Canada and Mexico (Fig. 25). The most negative de-

partures are — 2°A at Grand Junction and — 2°. 8 at San Antonio.

This antipleion has a third center in South Dakota and resembles in

shape that of the preceding year. A close inspection of the maps gives

the impression of a contra-clockwise movement.

If this hypothesis is justified, it must be admitted tliat tlie map of

1904 (Fig. 26) expresses the result of the continuation of this circular

displacement. In 1904, the center of the antipleion is in the northeast

of Lake Huron, with a departure of — 3°.-i at Parry Sound. In the

west, on the contrary, there is now a pleion which, in this hypothesis,

would also have traveled contra-clockwise, from Ontario towards Idaho.

The western pleion has two centers with -f 1°.9 departures at Helena,

Mont., and Independence, Calif. The map displays a very accentuated

contrast between the temperatures in the west and in the east and is

perfectly typical.

In 1905 (Fig. 27), we have again negative departures all over the

States with the exception of Florida, California and parts of \Yashington,

Montana and Xorth Dakota. In Alberta, there is a pleion with de-

partures as high as + 2°.9 (Battleford) and the same pleion extends over

the Pacific, the departures along the coast being -f 0°.5 in Port Crescent,

Wash., and + 0°.8 in Eureka, Calif. In 1904 the departure was -f 0°.l

in Bermuda, now it is + 0°.6 and it is this Atlantic pleion which extends

from Bermuda over Florida towards the Gulf of Mexico. It seems that

the change of the map of 1904 into that of 1905 was due to a displace-

ment of the antipleion from northeast towards the southwest, accom-

panying a displacement of the pleion from the west towards the north.

The movement was contrary to that of the preceding year, both the pleion

and antipleion remained on the continent and traveled around in the

same direction as the hands of a clock.

The year 1906 shows a continuation of this movement, at least as far

as the pleion is concerned (Fig. 28).

In 1907, on the contrary, the conditions are so very different from

those of 1906 that it is absolutely impossible to make any statement about

the displacements which took place between these two years. The map
of 1907 (Fig. 29) is precisely the reverse of that of 1906. Where there

was an antipleion there is now a pleion and vice versa. The disposition
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Fig. 30.—Temperature departures for the year J90S

1909

Fig. 31.—Temperature departures for the year IVOi)
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of the equideparture curves is the same. A seesaw movement would ex-

plain the transformation
; but, as will be seen later, such an explanation

is not satisfactory.

The map of 1908 (Fig. 30) indicates a simple displacement of the

pleion towards the north. The shape of the pleion remained practically

the same and in the west an antipleionian wave, following the movement,
advanced over the continent. The pleion has two crests, one going from

Alberta towards Kentucky, with the departures of -|- 2°.6 in Calgary,

-f- 2°.l in Medicine Hat, + 1°.9 in Bismarck, Minneapolis and Cincin-

nati, and a second wave following a perpendicular direction along the

Atlantic coast in the New England States (-(- 1°,6 in Boston and New

Haven). Curiously enough, farther south, a depression in the pleion is

noticeable, the departure being -f- 0°.5 at Eichmond, Raleigh and Char-

lotte, and only + 0°.3 in Lynchburg. On the Atlantic there is an anti-

pleion, the quasinormal line going from Jupiter, Fla., towards Halifax,

In Bermuda, the departure is — 0°.9.

Finally, the map of 1909 (Fig. 31) shows the disappearance of the

northwestern crest of the pleion under the influence of the advancing

antipleion, whose two distinct centers moved from Eureka towards Battle-

ford and from Independence toward Valentine. The pleion of 1908 has

been reduced to a wave extending from Nova Scotia towards Texas. The
most positive departures are + l°.l in Sydney, Grand Manan and Char-

lottetown, and -|- 1°.7 in Fort Worth, Tex.

To gain a more precise knowledge of the displacements of the pleions
and antipleions, which took place during the years 1900-1909, I made
consecutive maps and consecutive curves. I will examine separately the

results gained by the study of the curves and of the maps.

Consecutive Maps

The annual departures of 175 stations were utilized to draw the maps
I have just described. To obtain similar consecutive maps would have

involved a great amount of purely clerical work. I simplified the task

by omitting the Canadian data and taking only the means of the twenty-
one districts into which the United States are divided in the columns of

data published in the "Monthly Weather Review." I copied the monthly
means for the years 1900-1909 for these districts, then calculated the

consecutive totals, then the individual means and finally the departures
of these means from the normal values. This last operation was some-

what arbitrary and I would certainly have done better by taking the de-

partures from the ten-yearly means.
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At the begiiiiiiiig, 1 liad no intention of doing the work for all the years

and 8() I made the annual departures correspond to those given in the

"Monthly Weather Eeview." These departures are probably taken from

the means of the entire series of observations, and these means increasing

Or decreasing as the number of years taken into consideration increases,

the departures are necessarily not homogeneous. This lack of homo-

geneity has no importance, since I adjusted the values, for each year, so

they would correspond to the last annual departures (from the normals)

given in the annual summaries of the "Monthly Weather Eeview."

The material which I have at hand consists of ten annual maps, giving

the distribution of the annual departures from normal means, and of one

hundred eight consecutive maps, showing the progressive changes of the

map of each year into that of the following year.

First of all, I must say that comparing the ten annual maps, obtained

by utilizing district departures, with the ten detailed maps, described

previously, one has to admit that the method of grouping the results of

different stations to obtain regional averages is most inconsistent and

defective. One can imagine how inefficient our daily weather maps would

be if instead of utilizing the values given for individual stations we made

regional averages. Still, even such smoothed weather maps would give

some idea about the position of lows, and highs and cold waves could also

be located, though in a very vague and unsatisfactory way.

On the consecutive maps I have drawn, the pleions and antipleions are

of course badly deformed and most interesting details are lacking, but

the more or less progressive displacements taking place can easily be

followed and the precise moments when the important changes in the

distribution of temperature occur are detected without great difficulty.

I will therefore compare the maps, simply in order to reach a better

understanding of the transformations of the annual departure maps from

one to another.

1900-1901. The consecutive maps show that the antipleion of 1901

came from the south and progressed westward over the States. After

some minor oscillations of the quasinormal line,^® the upward movement

of the antipleion starts with the map of September, 1900,-August, 1901.

The annexed diagram shows the successive positions of this line on the

consecutive maps for the periods ending in August, September, October,

November and December, 1901 (Fig. 32). The western pleion remained

practically unchanged.

28 These quasinormal lines deal with departures from normal values, and, evidently,

differ from those of the maps expressing the distribution of departures from ten yearly
means.
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1901-1902. The western antipleion of 1902 is not the southeastern

antipleion of 1901. The consecutive maps show that the center of the

anti])leion remained nearly stationar}' over tlie Atlantic, east of Georgia

or South Carolina, and that, at the end of the year, the negative area ex-

tending over the States moved eastward.

The following diagram (Fig. 33) shows the successive positions of the

quasinormal line for the consecutive maps of November, 1901,-October,

1902, until Januaiy-December, 1902. The maps show an interesting

feature concerning this antipleion. Its disappearance from the map was

preceded by a progressive shrinkage followed by an expansion. The

shrinkage began with April, 1901,-March, 1902, and continued until

June, 1901,-May, 1902, when the quasinormal line lay from Washington
over Louisville and Memphis towards Yicksburg; then, the negative area

Fig. 32.—Successive positions of the

quasinormal line

Fig. 33.—Proijressivc displacements of

the antipleion of 1901

increased again progressively until November, 1901,-October, 1002, and

was followed by the eastward movement shown on the diagram.
The consecutive maps do not give a satisfactory account of the forma-

tion of the negative wave which, on !he map of 1902, extends between the

pleions of Canada and Mexico. The regional departure maps do not

show the existence of the two pleionian centers of 1901 (Fig. 23) until

towards the end of the year. The movement of separation begins with

December, 1901,-November, 1902, and corresponds to the rapid drift of

the eastern antipleion towards the southeast. The western antipleion
of 1902 (Fig. 24) came from the southwest and spread out, progressively^

over the entire area of the United States.

1902-1903. Evidently the quasinormal line of the consecutive maps
is not the same as the quasinormal line of the departure maps from the

means of the decade 1900-1909, but the displacements shown and the

transformation of the consecutive maps must be similar to those of the

detailed yearly maps. I repeat this statement to avoid misunderstanding.
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On the consecutive map of 11)02, the western antipleion is very much

less developed than on tfie (le{)artiire map of 1902 (Fig. 24)- This is

evidently due to the fact that the normals adopted in the ''Montlily

AVeather Ecview" are very diil'erent from the means of 1900-1909.

The following diagram (Fig. .34) gives the successive positions oi the

quasinonnal line on the maps ending with October, 1902, December, 1902,

February, 1903, May, 1903, and August, 1903. Figures 35-37 are the

consecutive maps for the years ending with September, October and Xo-

PiG. 34.—Displacements of the quasi- Fig. ZQ. — Deimriurcs of teiniierature
normal line averages for Moremher, l<!02,-()ctoher,

um

Fig. 35.-— Departures of temperature
averages fur October, I902,-8eptember,
1903

Fig. 37. — Departures of temperature

averages for December, 1902,—Novem-

ber, 100$

vember, 1903. These diagrams show ])lainly tliat we do not have to

deal with a simple displacement from west to cast or southwest to north-

east.

We see that the pleion and antipleion are not only dependent upon
each other for their displacements but also have a tendency to remain on

the continent. The antipleion moving eastward displaces the pleion,

first northward then northwesiward and finally westward. The pleion

and antipleion move en hloc conira-elockwise.
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1903-1904. The map of 1904, without a doubt, expresses the con-

tinuation of this dynamic phenomenon. The change, however, in the

respective positions of the two centers is not progressive. The following

four maps (Figs. 38^1) show indeed that for February, 1903,-January,

1904, the temperature conditions were still veiy similar to those of 1903,

whereas for April, 1903,-March, 1904, the distribution of the negative

departures already had the character of the map of 1904. The develop-

ment of the western pleion was delayed, and it is only on the consecu-

tive map ending in November that its maximum development is reached.

V,.>m->-':--:^-.;;!tT,f r
'

Fig. 38.-— Departures of temperature

averages for February, 1903 -January,

1901,

Fig. 40. — Departures of temperature
averages for April, 1903,-March, 1901,

Fig. 39. — Departures of temperature
averages for March, JS03,-February,
1901,

Fig. 41. — Departures of temperature
averages for May, 1103 -April, 1901,

1904-1905. The consecutive maps showing the transformation of the

temperature conditions of 1904 into those of 1905 are nu:)st interesting,
because they show a slow and continuous movement. The pleion and

antipleion remain bound together and both remain on the continent;
but the displacement is reversed and now it goes clockwise. The follow-

ing two diagrams (Figs- 42-43) will be sufficient to demonstrate inter-

mediate stages between 1904 and 1905. The first one is of the twelve-
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monthly means ending with February, 1905, and the second gives the

distribution of the departures of July, 19()4,-June, 1905.

1905-1906. Tlic iiini.
of 1!»05 (Figs. 27 and 44) shows a large pleion

in Canada, another on the West Indies and Florida, and an extensive

antipleion with I wo centers, one in Texas and tlie other on Xovn Scotia.

The conseeutive-niap of F('l)riiai-y, 1!K)5.-Jaimarv, !!»()(; ( l-'ji^-. If)), sliows

the two pleions joined together, se|)ai'ating the two anti[)leionian eenlers.

The following maps show the shifting and final disappearance of the

northeastern a.ntipleio(i. hut the southern or southwestern anti])U'ioii I'c-

mains, undergoing small changes of position or extent.

"^^m
-%

Fig. 42. — Departures of temperature

averages for March, IdO'i,-February,
1905

Iik££%
Fig. 4."?.— Departures of temperature

averages for July, IBOh-June, JtO-l

'icSf^r
'̂k^

:rs
X

"S^S-^t :^m^.-k^

z:^'-H.^

r
jU^u ^--^'^ -—^ .-^. . . . . -V y . .—;—r i .1

I"iG. 44.-— Departures of ieinpcratiue

averages for January-De< ember, n.O.j

w^^^m^^

Fig. 45. — Departures of temperature

averages for February, li)Oa,-JaHuary,

I'M

The variation of the departuves is of some interest, 'i'hc highest de-

parture in the north is + 1°-1' f<>i" 1905, in the North Dakota district

-f 2°.l, for February, 1905,-.7aniiary, 190(), + 2°.3 for Maivh. 1905,-

Febniary, 190G, and then decreases to -[-1°-^ ;i"*l afteruanls increases

again progressively until November. 1 905,-Oetober, l!>()(i. when it readies

-|- 2°. 5. At the center of th(^ antipleion, the negative (h^partures for the

first three consecutive nuips are — 1°.4,
— l°.l and — 0".8. .\ general
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increase of temperature takes place all over the States, in the pleionian

as well as in the antipleionian area. Then, towards the end of the year,

the negativity of the antipleion increases with the increase in positivity

of the pleion.

The contrast between the positive and negative departures decreased

and then increased. This particular case shows therefore very well the

importance of minor oscillations, talking place independently of the dis-

placement of pleions and which, at the same time, may interest largei

areas than those covered by pleions and antipleions. I reproduce only

Fig. 46. — Departures of temperature
averages for Janiiary-Dcrember, 1D66

Fig. 48.— Departures of temperature

averages for April, 1906,-March, 1907

Fig. 47.— Departures of temperature
averages for February, 1906,-January,
1907

Fig. 49. — Departures of temperature,

averages for June, 190G,-May, 1907

the first two consecutive maps showing the junction of the two pleions-

(Figs. 44, 45). The other maps simply illustrate a progressive disap-

pearance of the southeastern center and the minor oscillations of tlie

southern antipleion.

1906-1907. The maps of 1906 and 1907 (Figs. 28, 29), by their pre-

cisely opposite character, seem to indicate a simple seesaw oscillation in

the distribution of temperature.

The consecutive maps contradict this supposition. The following dia-
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grams, representing the conditions for 1906, February, li)06,-January,

1907, April, 1906,-March, 1907, and June, 1906,-May, 1907 (Figs. 46-

49), show that the transformation began with a slight rotary movement,
followed by a displacement of the pleionian center from the north to-

wards the south, and then by a displacement of the pleion towards the

west and of the antipleion towards the east.

1907-1908. The pleion of 1908 (Fig. ?0) is so similar to that of

1907 that one would think that nothing extraordinary happened during
the year and that there was simply a shifting of the pleion towards the

northeast. In reality, the consecutive maps show that the pleion and

antipleion moved first around, with the hands of a clock, so that for

February, 1907,-Januar3r, 1908, the qiiasinoraial line had already ex-

tended from North Dakota towards Tennessee and Virginia, as is shown

on the following diagram (Fig. 50), then the antipleion extended farther

south (April, 1907,-March, 1908), and from then on it was driven away

progressively in a northeasterly

direction. The lines of the dia-

gram show the successive posi-

tions of the quasinormal line.

The 1908 western antipleion is,

in June, 1907,-May, 1908, al-

ready on the plateaux and from

then on its negativity increases

progressively.

1908-1909. Finally, the last

twelve consecutive maps sliow

that the axis of the pleion of 1908

first turned slightly to a north-

south direction, then moved eastward, then back again to the west. For

November, 1908,-October, 1909, there were two pleionian centers, one

in North Dakota, the other in Texas. Tlie advance of the antipleion

towards the northeast is seen only on the last consecutive map.
So far, the consecutive maps have served only to explain the transfor-

mation of the departure map of one year into tliat of the following year.

One might be satisfied with the results obtained, the consecutive maps

having served their purpose in a satisfactory way.

The principal conclusion gained is that the method used could be

applied to seasonal forecasting ;
but it is evident that, for such a purpose,

it would be necessary to draw the consecutive maps as correctly as possi-

ble, by calculating the means for all the individual stations.

It is also evident that the same would have to be done for the rainfall

Fig. 50.—Displacements of the quasi-

normal line on the consecutive de-

parture maps of February, lS07,-Jan-

uary, 1908, till July, 1907,-June, 1908
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data, the atmospheric pressure and the velocities and directions of the

observed winds.

In the present state of our knowledge of the phenomena governing the

climatical variations, however, it would be most unscientific to try to

make seasonal forecastings, since, at present, we see only the possibility

of arriving at practical results by pursuing patiently the research work

in a well-established direction. With the immense amount of work which

yet remains to be done before a clear understanding of the climatical

variations will be reached, any test of the method employed, in order to

show its practical value, would be completely out of place.

To show how each step forward leads to new questions to be solved

and new research work, having apparently nothing in common with the

pursued purpose, I will note a few problems arising from a closer ex-

amination of the consecutive maps.

First of all, during the years 1900-1909, the pleions as well as the

antipleions displayed a tendency of persistence. Xo seesaw movement,

between a pleion and an antipleion, leading to the gradual disappearance

of both and then to tlie formation in situ of a pleion on the place for-

merly occupied by the antipleion and vice versa, could be traced. Minor

seesaw oscillations took place, but they sei-ved simply to increase or de-

crease the contrast between the pleions and antipleions without destroying

them. Together with a tendency to persist goes a tendency of displace-

ment. These displacements are generally gradual and continuous, but

sometimes they may be very rapid and in striking contrast to the nearly

stationary conditions which preceded or followed the rapid change of

position. The problem is, then, to know what makes a pleion remain on

the map during several years and what makes the pleion move from one

region to another.

Another fact is the tendency of the pleions and antipleions to remain

on the continent. In other words, the phenomenon of the variation in

the distribution of the anomalies of yearly temperatures in North Amer-

ica is to a great extent a purely N"orth American phenomenon.
This leads naturally to another question of some importance. The

pleions and antipleions seem to be correlated or bound together. One

depends on the other, and if one moves the other moves. The area of the

North American continent seems not to be wide enough for the simul-

taneous presence of many pleions and antipleions. In order to remain

on the continent, the motion of a pleion involves a displacement of the

antipleion in an opposite direction. A rotaiy movement is the conse-

quence. It is a pendulation.

The following diagram shows in a schematic way the pendulations of
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the pleionian center (Fig. 51) and expresses simply the tendency of the

displacements, during the years 1900-1909, and may serve as an illustra-

tion facilitating the comprehension of the problem. For precision it

would have been necessary to have detailed consecutive maps.
The principal problem is of

course, what keeps the pendula-
li(»ii going? Without some exte-

ii(ir impulse, the movement would

(lie nut or could not even origi-

nate. It seems to me highly im-

])robable that a mechanical work-

ing as is exhibited on the diagram
could be due to variations of the

Athintic ice conditions. Without

doubt, it is the cause of the for-

mation of pleions wliicli, repeating itself more or less periodically, gives

the impulse to the clockwork.

The Russian pleions have shown some correlations with the equatorial

variation of temperature, illustrated by the consecutive cun^e of Arequipa.
The consecutive curve of New York also belongs to the i\.requipa type.

We see now how the tendency of the pleions to maintain their existence

complicates the problem of their mode of formation or origin.

The following diagram (Fig. 52), which expresses graphically the last

Fig. 51.—I'leionian pcndulations

Fig. .'J2.
—Pleionian amplitudes and the Arequipa curve

problem I have to mention m connection witli the study of consecutive

maps, shows plainly that, independently of the pendulations, the Are-
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quipa variation affects the entire system of N'orth American pleions and

antipleions.

I have taken the differences between the highest and lowest departures

for each map, in other words, the total amplitude between pleions and

antipleions. The curve is reversed and 1 have drawn the Arequipa curve

imderneath to make the comparison easier. From 1900 until 1906 these

two curves are similar. Between 1906 and 1907 an interesting anomaly
is noticed. The Arequipa temperatures decreased from 1900 to 1909.

In the United States, the differences between pleions and antipleions were

also decreasing during that period of years.

Consecutive Temperature Curves for Several Stations in the
United States

In order to simplify the work, it was necessary to take into considera-

tion the consecutive means of district data, and it is evident that the

overlapping maps obtained from these figures are but a first approxima-
tion. I M^ill now complicate the problem anew by showing how. the pass-

ing pleions and antipleions affected the succession of means observed at

individual stations.

Table V.—Extreme values of consecutive means

Highest Lowest
<,p^'*^^''^°<^«cc

Key West 77.6 74..3 8.8 l.S
Tampa 73.0 60.6 8.4 1.9
Savannah 68.1 64.7 3.4 1.9
Raleigh

'

61 . 8 58 . 8 . S 2.1
Washington .-.6.6 52 . 1 4.5 2.5
New Yorlj 5.") . 9 .oO . 2 5 7 8 2
I'ortland 46.7 42.1 4.6 2.6
Eastport 43.6 38 . 9 4.7 2.6

Sanlt Ste. Mario 42.1 36.3 5 8 3 2
I>iiltith 41.5 35.0 6.5 3.6

Havre 44 . 9 37 . 6 7.3 4.1
Miles rity 48 . 6 48 . 5 5.1 2.8
North Platte 51.8 47.9 3.9 2.2
Wichita 57 . 9 54 . 4 3.5 1.9
Shreveport 67 . 6 63 . 8 3.8 2.1
New Orleans 71.6 67. 7 3.9 2.2

Eureka 53.7 50 . 4 3.3 1.8
Los Angeles 64.6 61.0 3.6 2.0
El Paso 65 . 1 62 . 2 2 9 16
Corpus Ohristi 72.4 69.0 .3^4 1.9

Arequipa ,58.8 56.3 2.5 1.4

Not taking into account, at present, the actual monthly means, I will

examine the consecutive annual means, or rather the curves expressing

graphically the variations of these figures.

The stations for whicli T made the necessary calculations are Eastport,

Portland, Me., New York, Washington, Raleigh, Savannah, Tampa, Key
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West, Sault St. Marie, Diiluth, Havre, Miles City, North Platte, Wichita,

Shreveport, New Orleans, Eureka, Los Angeles, El Paso and Coi-pus

Christi. In figures 53-56, I reproduce the diagrams obtained and in

Fig. 53.—Consecutive temperature curves of Atlantic coast stations

Table V, I give the values of the highest and lowest consecutive means

and their differences in °F. and °C.
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The curves of the stations along the Atlantic coast have already been

published in my paper on the climatical clianges recorded in New York

City. In that paper I said:

"The Arequipa curve descends ; all the others, on the contrary, are ascending

curves (Fig. 53). This contrast leads to the conclusion that the pleionian

crests are independent of the long-range variations. Annual departures from

ten-yearly means may therefore lead to very erroneous conclusions. At Are-

quipa, for example, the annual means for 1901 and 1902 are higher than the

average of the decade taken into consideration ; they form positive departures,

although belonging to a depression of the curve.

"This is a strong argument against using such departures without consider-

ing at the same time the trend of the curves. Now, the Arequipa curve has

four crests and four depressions. So has the curve of New York. The most

important difference between the two curves is that the maxima and minima

of the curve of New York occur a few months later than those of Arequipa.

One may say about three months later.

"All the other curves are identical with the curve of New York in some

particulars. For example, the depression of 1904 appears on all the curves.

It occurs sooner in Tampa and Savannah than in Raleigh, Washington and

New York. In Portland, and even more so In Eastport, this depression is

very much retarded. The first crest in the Eastport curve, furthermore, re-

appears, although greatly diminished, in the first depression of New York,

which later corresponds to that of Arequipa. One can follow the gradual

attenuation of this feature going south. For 1902 we have a positive de-

parture in Eastport belonging to a pleion. This pleion (1901-1902) has evi-

dently nothing in common with the equatorial variation of Arequipa and the

other tropical stations. It is another wave having another origin and whose

occurrence is marked all along the Atlantic coast in the midst of the anti-

pleionian deficiency of temperature. About 1905 the curves of the southern

stations differ greatly from the Arequipa curve. The curves of the northern

stations, on the contrary, are similar to the curves of Arequipa and New York,

except at the end. In Eastport we indeed notice a crest between 1909 and

1910 which is not a retarded crest, and going south, we observe the same
attenuation of this phenomenon as between 1901 and 1902."

I will compare the other curves in a similar way.

In the following diagram (Fig. 54), I reproduce the curves of Miles

City, Duluth, Sault St. Marie and Eastport. These curves are ver\' much

alike. The only striking difference is that the variation of Miles City is

more or less in advance of the others.

The curves of Fig. 55 are those of the line of stations between Havre,

Mont,, and New Orleans. The variation of New Orleans is to a certain

extent opposite to that of Havre, and so it is most interesting to compare
the diagrams one by one and see how the features of one curve gradually

disappear in favor of those of other curv'es. The curve of "Wichita, in

particular, has a most unsettled appearance, since it participates in the
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variations of the northern plateaux a^s well <is of those of the Gulf. A
certain similarity with the curve of Aachen (Fig. 11) is undeniable.

Some other localities of the middle states would give perhaps even a

better example of an unsettled variation.

Figure 56, on which the consecutive curves of Eureka, Los Angeles,

El Paso and Corpus Christi are reproduced, shows that on the Pacific, as

Fig. 54.—Temperature variation of Montana {Miles City) compared with that of

Maine (Eastpiirt)

well as on the Atlantic, the pleionian varialioiis are very pronounced,

presenting a striking difference with northwestern Europe. Moreover,

the curve of Eureka is similar to the Arequipa curve, and even shows

exceedingly interesting small details of the Arequipa curve, details which

cannot be ascribed to chance circumstances. It is also worthy of note that

the Eui'eka variation is in advance of that of Arequipa. The pleionian

crest of 1904-1905 is evidently out of the question. This pleion appears
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even sooner in Los Angeles, where it corresponds in time to the principal

antipleion of the curves of New York and Arequipa; but brax^hypleionian

particularities, such as the V-shaped depression of March, 1909,-Febru-

FiG. 55.—Temperature variations in Montana, Nebraska, Kansas and Louisiana

ary, 1910, appear later in Arequipa than in Eureka. The El Paso curve

•shows a variation opposite to that of Arequipa and retarded. The Corpus
Christi curve is more complicated, opposition and similarity of variation

being combined.
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We may say, therefore, that the consecutive curves of temperature for

the United States, if compared with the Arequipa curve, may belong to a

direct type similar to the Arequipa variation (considered as a standard

of the equatorial or direct variation), or to an inverse type.^" Some

curves, it may be added, must be called indifferent, since, to a certain

extent, they belong to both types of variation at the same time. Finally,

there is the independent type.

Fig. 56.—Comparison of variations in California and Texas icith tlie Arequipa curve

Most curves may belong, temporarily, to one type or the other, but this

is not a complication, because, if the results gained from the comparison

of the consecutive maps are kept in mind, it is plain that it could not be

^ Compare the maps published by Frank H. Bigelow : "Studies on the circulation of

the atmospheres. . . ." Monthly Weather Review, Vol. 31, p. 515. Washington,
1903. Also : Sir Norman Lockyer and Wm. .T. S. Lockyer : "The behaviour of the

short-period atmospheric pressure variation over the earth's surface." (Proc. Roy. Sec.

London, Vol. 73, p. 457. London, 1904.)



ARCT0W8EI, CHANGES IN DISTRIBUTION OF TEMPERATURE 103

otherwise. Since the pleions displace themselves, the crests of the curves

cannot occur simultaneously everywhere, and since it has not been possi-

ble to detect important and persistent seesaw centers, it seems a priori

very improbable that the direct and inverse types of variation could be

characteristic for certain given locations. Therefore, there is no fixed

location for the inverse or compensating type.

An inspection of the consecutive curves shows, however, that in Xew

Mexico, Arizona and Southern California the existence of a center, where

the variation displays a striking preference to belong to the inverse type,

may be suspected, and that, on the contrary, in Pennsylvania and Oregon,

the direct type must be predominant.

Are these locations centers of origin of pleionian variations? Not

necessarily. Besides, the records of only ten years of observations are

insufficient to give definite results. Even such as it is, the result gained

leads to further investigations in regard to the question of the mode of

formation of pleions in situ.

Leaving this question as an unsolved problem, I will pass to another

most puzzling subject.

Since, for certain parts of the United States, the consecutive tempera-

ture curves belong to the direct type,
—that is to say, are similar and

coincide more or less in time with the equatorial curves,
—the impulse

producing these variations must be the same as that which produces the

tropical variations. This impulse is evidently extra-terrestrial. There-

fore, where the variation is direct, the departures of temperature vnll not

be due to abnormal conditions of atmospheric circulation but will, on the

contrary, produce such changes of atmospheric pressure, wind direction

and velocity, etc., as may be characteristic for pleions or antipleions. On

the maps the pleions do not disappear : they move away.

Now the question is how—in a direct type of variation—the pleion

corresponding to the second crest of the consecutive curve is renewed.

Is it the same pleion coming back from the region it was pushed away
from by the formation in situ of the direct antipleion, or is it a new

pleion, and if so what became of the first one ?

Let us call the pleionian crests of the Arequipa curve A, B, C and D
(Fig. 1). The consecutive maps show that the crest B of New York

went northwest over Canada and then southwest towards California. The

pleion came back nearly the same way during 1904-1906. The crest C

of New York is therefore the same as B ; but, if we try to follow this

pendulation on the consecutive curves of individual stations, we do not

succeed very well. This is because, as has been shown in Fig. 52, the

amplitude of the departures changes independently of the pendulation.
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The picions pendulate and surge at the same time. An old pleion may
be reintensified. In the case of the pleions B and C the surging is noth-

ing but the superposition of a new pleion upon an old one, so that C is

the residual of B, plus a new impulse produced in situ under the iniluence

of the direct solar action. In this way, it is conceivable why the pleionian

variations may be more important on the North x\merican continent tlian

the identical variations in tropical regions. •

About Temperature Variations and thk Changes of tiik Arctic

Ice Conditions

In order to connect the European annual departure maps with those

of the North American continent, I utilized the results of the observa-

tions made at St. Johns, N. F., Upernivik, Jacobshavn and Ivigtut, on

the west coast, and Angmagsalilc, on the east coast of Greenland, those

of the Icelandic stations Stykkisholm, Vestmanno, Grimsey and Borufjord

and, finally, the observations made in Thorshavn of the Faroe Islands.

For information about the variations which occurred on I he Atlantic

Ocean, I took the results of the observations made in San Juan (Porto

Eico), Hamilton (Bennuda), Angra do Heroismo and Ponta Delgada

(Azores), Funchal (Madeira), St. Vincente de Cabo Verde and. finally,

those of St. Helena.

The St. Helena observations were extracted from a report of ,L S.

Dines.^** The portuguese data were kindly sent to me by the Director of

the Observatory of Lisboa, in manuscript for the years 1906-1909 and in

printed form for the previous years.^® The data for Bermuda were copied

from the "Monthly Weather Eeview" and the reports of the Meteoro-

logical Service of Canada. Those for Porto Eico were sent to me by
Section Director Oliver L. Fassig. The results of the observations made

at Danish stations were sent to me by the Director of the Meteorological

Institute of Copenhagen.^'' Finally, the data for Newfoundland were

copied from the Canadian Eeports. Unfortunately, for the period of

years taken into consideration, only the records of St. Johns are complete.

It would have been very desirable to have some records for Labrador

and the Hudson Bay region, to obtain a closer connection between Green-

land and Canada, but the distances between Ivigtut and St. Johns, Father

Point and Quebec are so much smaller than the ordinary pleionian dimen-

2« John Someus Dine.s : CUmatological table.s for St. Helena, with a report on . . .

(Meteor. Office Publ. No. 20."? : The trade winds of the Atlantic Ocean, London. 1010.)
™ Anaes do Observatorio do Infanta d. IjuIs. Obsarvacoes dos postos nieteorologicos.
** Meteorologisk Aarbog . . Anden del : Faeroerne, Island, Gronland og St. Croix.

Udgivet af det danske meteorologlske Institut.
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sions, that it is perfectly safe to say that the records of Greenland and

Iceland are entirely sufficient for the purpose of the questions I had to

solve.

In Table VI, I give the annual departures from the ten-yearly means

of temperature for the stations now taken into consideration, the dia-

FiG. 57.—Temperature variations in Greenland, IceJand and Faroe

grams (Figs. 57-60) express graphically the succession of consecutive

means, and in Table VII, I give the highest and lowest of these values

as well as their differences.
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The following questions may be taken into consideration:

1). Is there any trace of the Arequipa variation on the consecutive

curves of Arctic stations?

2). How far do the pleionian variations of the Xorth American conti-

nent extend over oceanic areas ?

3). Is there a system of Atlantic variations independent of those of

Europe and North America?

4). What are the connections between the continental variations and

those observed in the Arctic regions ?

5). Do the Arctic ice conditions influence the variations of annual

temperatures observed on continental areas?

Fig. 58.—Temperature variations in Newfoundland and Maine

The curves on Fig. 57 give an answer to the first of these questions.

Two types are distinguishable : the west Greenland type, best represented

by the curve of Jacobshavn, and the Icelandic, or let us say Grrimsey type.

Angmagsalik, on the east coast of Greenland, belongs to the Icelandic

type and the curve of Ivigtut is transitional, since it is similar to the

curve of Jacobshavn until 1905 and very much more like the curve of

Angmagsalik after 1905 or 1906.

If we compare the curves of Jacobshavn and Grimsey with the Are-

quipa curve we must admit some similarities which are too well pro-

nounced to be ascribed to a simple chance circumstance. With the ex-

ception of the part comprising the consecutive means of Febiniary, 1903,-
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January, 1904, to October, 1904,-September, 1905, the Grirasey curve

shows all the crests and depressions of the Arequipa curve slightly re-

tarded. Jacobshavn, on the contrary, is in advance of Arequipa.

Grimsey is a small island situated on the Polar Circle, north of Ice-

land, and the latitude of Jacobshavn is 69° 13' N. Both of these stations,

therefore, are under the influence of polaf currents and polar ice.

If the consecutive temperature curves of these stations display simi-

larities with the Arequipa curve, and, in consequence also with those of

Bulawayo and Mauritius, we must admit that it is absolutely out of the

question to search for an explanation of these variations in the changes
of polar ice conditions.

'J'ho second question could not be jinswered by a simple inspection of
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The fourth question, ^'What are the connections between the conti-

nental variations and those observed in the Arctic regions?" can best be

.answered—with the maps on hand—by saying that the north polar annual

temperature changes form, probably, an intrinsic part of those occurring

in Europe, Siberia and North America. The ice-covered Arctic Ocean

•connects Nowaya Zembla and the Siberian shores with Arctic America

into one immense continental area. On this area, pleions and antipleions

•are formed and conjugate into one system.

The question, "Do the Arctic ice conditions influence the annual tem-

peratures observed in Europe and North America?" ought ther.efore be

reversed into the question, "How do the pleionian
—or let us say the

Fig. 60.—Temperature curves at St. Helena, Arequipa, Porto Rico and Bermuda

Arequipa variations—influence the ice conditions?" This is a very wide

subject, about which much might be said.

Air temperature is only one of the factors influencing the drift of polar

ice. Ocean currents, and especially the winds, are more important factors

than temperature. It is very well known that in the Arctic, as well as in

the Antarctic, the ice conditions of certain regions may vary considerably

one year from another and, from the knowledge gained in the North

American archipelago
—the Northwest Passage in particular

—we must

infer the existence of long-range or even secular variations.

The quantity of icebergs drifting down into the path of the transat-

lantic ocean steamers also varies considerably. The same may be said

about the Antarctic.
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Speaking of ice conditions we must make a distinction between ice-

bergs and sea ice, the conditions under which these two kinds of ice are

produced and drift being absolutely different.

Icebergs are anchored deep in the water and are much less influenced

by the direction of the winds than by the ocean currents. They originate

at the glaciers. The quantity of icebergs carried down through Davis

Strait, for example, and along the Newfo'undland Banks, will depend

mostly on the factors which acted upon the flow of the glaciers. Sup-

posing normal conditions of the glaciers (for example, a regular advance)^

a succession of cold years followed by a warm year and, in particular, an

abnormally warm summer, will favor considerably the production of

icebergs.

In 1909, for example, much ice was noticed in tlie Atlantic. ^^

The consecutive temperature curves of Upernivik and Jacobshavn give

an explanation to this fact. During 1906 and 1907 we notice a remark-

able depression in the curves (Fig. 57), followed by a steep ascent, culmi-

nating, in 1908 and 1909, farther south, in Ivigtut.

Tlie drift of polar sea ice, on the other hand, is a most complicated

phenomenon. In the Antarctic, the conditions are very much simpler

than in the Arctic, and, even there, the drift is far from being a simple
function of the velocity and direction of the wind.

For the north polar basin, the distribution of the surrounding lands

and islands, and the existence of well-pronounced ocean currents, compli-
cate the ice-drift to such an extent that the possibilities of a successful

study of the correlations between the anomalies of the meteorological con-

ditions and the abnormal changes of tlie ice conditions is evidently most

problematical.

The observations collected by the Danish ]\Ieteorological Institute and

printed every year concern the ice conditions during the navigable season

only and are naturally restricted to the peripheral areas of the frozen sea.

In some waters, we have to deal with winter ice, which must melt away

during the summer; in otlier waters it is old drifting polar ice which

hinders navigation. To correlate these variable ice conditions, of the

navigable season of some arctic seas, with atmospheric temperature data

of distant stations is a- task wliicli can lead onlv to verv uncertain results.

*i In the special reprint of the Nautical-meteorological Annual of the Danish Meteoro-

logical Institute, "Isforholdcne i de arktiske Have, 1000," it is said :

"Off New Fovindland and on the transatlantic steamer routes uncommonly much lee

was observed, floes as well as icebergs. As early as February there was much ice, antf

from March to July the conditions were more unfavorable, than they have been for

many years. The icebergs held out uncommonly late, the navigation being much ham-
pered at Cape Race as late as August. It was not till September that the ice com-
menced to decrease, but still many icebergs were to be met in Belle-Isle Strait and far
off-shore off the Strait."
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Nevertheless, comparing the yearly temperature departures of the Ice-

landic stations and Angmagsalik, on the east coast of Greenland, with the

state of the ice in Denmark Strait and north of Iceland, one finds that a

correlation is undeniable.

Now, why is the variation of Grimsey (Fig. 57) so much more accen-

tuated than that of Berufjord or Vestmanno? It seems evident that the

proximity of the ice must be the cause.

Consequently, the Icelandic consecutive temperature curves could be

taken as an example proving the influence of the ice on tlie variation of

temperature. The ice conditions of Denmark Strait must greatly influ-

ence the temperatures of Grimsey, especially some of the monthly means,

by accentuating them one way or the other. It is not, however, the ice

which causes the observed variations of temperature producing the for-

mation of pleions and antipleions. The departure maps I have drawn

show this plainly.

The changes of ice conditions are more or less local phenomena re-

stricted to small areas ; the formation and development of the pleions and

antipleions, on the contrary, are a imiversal phenomenon.

Conclusions

In the case of the annual departures of temperature for the years 1891

to 1900, which I utilized in my previous investigations, I dealt with the

results of observations made all over the world and gained therefore some

precise knowledge of the distribution and extent of the pleions and anti-

pleions, and found that the years 1893 and 1900 were particularly inter-

esting, the first being a year of predominant antipleions and the second

being a typical pleionian year.^-

In 1900, the pleions were not only very accentuated, with exceptionally

high departures at their centers, but the areas they covered were fused

together in such a way that the antipleions appeared as isolated patches

on a pleionian background. The year 1900 was exceptionally warm, the

temperature of our atmosphere being above the average, the negative

areas being insufficient to compensate the excess of temperature of the

positive areas.

In some cases,
—the map for 1909 (Fig. 61) shows it plainly,

—
conju-

gated pleions form bands of very extensive dimensions. In other cases,

there are intercrossing pleionian bands forming a real network with

antipleionian patches between.

'^Op. cit., p. 123.
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Therefore, since, as has been demonstrated in this memoir, the Are-

quipa variation is not exclusively an e<]uatorial phenomenon, hut appears,

more or less modiiied, in North America, P]urope and even in the arctic

regions, the question is whether the years of conjoined pleions do not

correspond to crests of the Arequipa curve and whether the depressions

of this curve do not correspond to years^of isolated pleions in a net of

conjoined antipleions. In fact, the maps 1"or 1900-1909 show that the

years 1904 and 1907, closely following the Arcfiuipa depressions, are years

of conjoint antipleions, and that the years 1900, 1908 and to a certain

extent 1905, are pleionian years with isolated antipleions.

Pig. 61.—Pleionian connections

The existence of macropleionian variations, the close correlation of the

pleionian phenomenon with the Arequipa variation, the compensating

antipleions, and, finally, the dynamic character of these climatic changes,

eliminate, it seems to me, the hypothesis attributing such changes exclu-

sively to the presence of variable quantities of volcanic dust in the higher

layers of our atmosphere.

Variations of the solar radiation must be the real and most important
cause producing the changes of our climates and keeping them in a

dynamic state.

'^I'he elaborate investigations pursued at the Smithsonian Astrophysical

Observatory, and the Mount Wilson Observations in particular, give

striking support to this conclusion.

In fact, considering the means of the solar constants, observed at Mount
Wilson during the summer months of 1905, 1906, 1905, 1909 and 1910,

and comparing the differences of these mean values with the correspond-
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ing differences of temperature in Arequipa, one arrives at the conclusion

that a difference of 1° F. corresponds to a change of 0.01 of the solar

constant.

It would be premature to conclude that the brachypleionian, the

pleionian and macropleionian variations are simply due to corresponding
variations of the solar constant. Other factors may indeed complicate

the phenomenon. Further research into the variations of the climates of

Asia, South Africa and Australia, in particular, must be made before

any definite conclusions can be reached. It is also evident that the sea-

sonal changes of temperature, atmospheric pressure and rainfall have to

be taken into consideration. I intend to do this.

In this paper, I have sliown that in far distant regions of the globe,

simultaneously with the appearance of the Arequipa crests, pleions are

formed
;
that these pleions have a tendency to persist ; that, in order to

persist, one must displace another. Pleions and antipleions are corre-

lated : if one moves, the other moves. In North America the displace-

ments seem to be confined to the jSTorth American continent. In conse-

quence, the pleions must pendulate from one side to the other. More-

over, the differences between the pleionian crests and the antipleionian

depressions of temperature change. These changes of amplitude seem to

be in immediate correlation with the equatorial changes of temperature.
The Arequipa curve may, therefore, be considered as a very convenient

standard for the study of all the complicated phenomena of climatic

variations, and of those observed in North America in particular.

It appears now perfectly evident that a more detailed study of the

Arequipa variations will advance very greatly the problem of correlations

between solar and terrestrial phenomena.
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Introduction

The great economic importance of interbedded iron ore deposits has

been recognized for many years. Two types of these ores may be cited

as notable examples : first, and possibly most important, are the Clinton

liematites extending along the ^Appalachian system of mountains for

nearly two thousand miles and having their greatest development in the

Birmingham district, Alabama; second, the Wabana hematite deposits,

on and near Belle Isle, Newfoundland.

The great extent, commercial importance and scientific interest of

these Paleozoic interbedded iron ore deposits has long made them a sub-

ject of painstaking exploration and study ;
the extensive development of

them that has taken place during the last fifty years, and more especially

within the last ten years, has made it possible to gather together a large

amount of information of a detailed and accurate nature that under

other conditions would have been impossible.

Underground mining has largely taken the place of earlier open-cut

methods. At Wabana, for example, the ore is now being mined under

the sea at a distance of two miles from the original open-cut workings.
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In Birmingham and Attalla, Alabama
;

in Clinton, New York, and in

many other places, the same conditions prevail, and hard ore under-

ground mining has largely superseded the soft ore open-cuts.

Deep borings, in some cases nearly 3,000 feet in depth and several

miles from the present workings, have brought to light conditions un-

known in former times. Genetic theories, advanced originally from a

study of outcrops and open-cut mines, undoubtedly would have been

different, had the present data been available at the time. Yet with all

the data accessible at the present time and much literature within reach,

the question of the genesis of interbedded Paleozoic iron ores, and more

particularly the Clinton ores, is still in controversy. Men of established

reputation and wide experience adhere to theories sharply at variance

with one another. At least two and possibly three such theories are still

advanced and have the active support of men prominent in the mining
and geological world.

The practical importance of an accurate knowledge of the origin of

these ores must not be overlooked. Upon such knowledge depends the

interpretation of conditions underground below the present zone of

mining, the depth to which the ore may be expected to go and the con-

tinuance or change of richness of the ores.

It has been the purpose of the writer to include in this paper a brief

reWew of former theories and to discuss these theories in relation to re-

cent field and laboratory developments, showing where they fail to meet

certain conditions now known to exist and therefore must to some extent

be altered or superseded.

Further, the paper proposes and elaborates a theory of genesis which

the writer has worked out in the field and laboratory and which, in order

to separate from other theories and to avoid confusion, he calls the "Arte-

sian Replacement Theory."
In brief, the writer attempts to maintain the following thesis : that the

Paleozoic interbedded iron ores of eastern North America, and more par-
ticularlv the so-called Clinton ores, are replacements of porous strata of

ordinary mechanical sediments by iron oxide, the agency being ferrugi-

nous waters acting under artesian conditions.
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PART I. A STUDY AND CRITICISM OF PREVIOUS THEORIES

ThK SlLliRlAN EkA

Whether the events that took place during the Silurian era were such

as could give rise to immense deposits of iron ore pr('ci])itated as original

material and thus forming contemporary sedimentary iron ore beds, or

whether fossiliferous limestones and sandstones of a nature favorable for

the later penetration of iron-bearing solutions wo'c fornu'd during a por-

tion of this era, cannot probably be determined wit bout detailed study of

probable land and sea conditions at that time
;
but if any extended study

of these deposits is to be made, a knowledge of land and sea areas and a

study of conditions that affected different kinds of deposits at the time

the inclosing strata were laid down seem not only desirable but iin])()rtant.

According to Dana, the North American continent at this time con-

sisted of a broad land area extending from Alabanui nortliwai'd east of

the present Appalachian system through Georgia, Tennessee, the Vir-

ginias, Pennsylvania and into New York, there turning westward, skirt-

ing the Great Lake region, then turning in a more or less southerly direc-

tion through a portion of Wisconsin, then abruptly turning northward

and running far into Canada. The southern and eastern portions of this

continent must have extended far out into the Atlantic ocean. On the

west, was a fast closing sea area shut of^' from ihe cold waters of the

arctic regions by rather extensive areas of the An-hean shield. This left

an immense interior sea and a gulf or bay nearly 800 miles long, favor-

able to the presence of warm currents which undoubtedly greatly influ-

enced life in the waters and temperature conditions on the land. That

these conditions were responsible to a large extent for the texture, com]>o-

sition and distribution of the Silurian strata, we cannot doubt.

Quoting from S. W. McCallie (216. p. 1G2) :

"The region, however, of this tumultuous sea. with its i-apid. niovinc: cur-

rents, appeared to liave been rarely of long duration. Scarcely liad the deposits
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of sand and pebbles been fairly inaugurated, when the work was brought to a

sudden close by a deepening of the waters, or a change of sediments. The
enfeebled curi'ents were now enabled to carry only the finest sands and clays,

the materials of which formed the innumerable layers of shale. The later

condition seems to have predominated throughout the entire Clinton epoch,

but the frequent occurrence of sandstone marks intervals of time and less often

repeated, the conditions favorable for the deposition of sands and clays gave

place to conditions favorable to the deposition of limestone. The last named
conditions point to the clearing of the waters, and probably also the deepening
of the sea. The thinness of the individual limestone l)eds would indicate that

the conditions favorable for the deposition were of short duration. Yet, at

the same time, the extended area over which they often occur shows that the

<*onditi()ns were widespread, and not confined to certain special localities. In

the entire series of Clinton rocks, from the beginning to the end, we here see

no evidence of sudden upheavals or tilting of strata. The character of the

sediment points only to general oscillations of the sea floor, many times re-

peated."

At the close of the Clinton, no marked changes took place till the close

or near the close of the Niagaran period ;
then came a gentle uplift, as

shown by the erosional unconformities. This emergence continued well

into the Middle Silurian. Before the close of the Silurian period, two

more periods of elevation have been recorded.

The layers of sediment that formed a portion of the epicontinental

shelf at the close of the Clinton era thus emerged from their original

position and at the close of the Niagaran became a part of the coastal

plain, the layers of the Clinton foniiation outcropping and thus placing

their catch basins in a position favorable for the easy penetration of me-

teoric waters charged with iron-bearing solutions.

Tlie following correlation table has been taken from Professor Grabau's

work (128, p. 87) :

Mluric: Upper or Monroan Hiatus and disconformity

Akron dolomite

Bertie waterlime

Hiatus and disconformity

Middle or Salinan Hiatus and disconformity

Salina Camillus

Syracuse
Vernon

Pittsford
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Lower or Niagarau Hiatu.s iuid (li.sconformity

Guelph

Lockport
Kdclu'ster

Clinton

(Disconformity refers to an erosional unconformity.)

The important points with reference to iron ore deposits to be deduced

from the above described conditions appear to be as follows: first, a thick

series of sedimentary beds of rapidly changing texture and composition,

clays and shales, sandstones and longer continued but less frequent lime-

stone deposits; second, an irregular shore outline with consequent effects

upon shape and size of sedimentary beds; third, a large area open to the

constantly changing waters of moving and probably rapidly moving
ocean currents from the south : fourth, to the east, land areas of the older

crystalline rocks of both acid and basic types, from which the iron salts

were dissolved in the course of weathering; fifth, a long period of slight

oscillations of the sea floor. After the deposits had been formed, they

were slowly elevated, and land areas were increased by a gradual emer-

gence of the sedimentary beds. No violent or pronounced folding took

place until the beginning of the Appalachian revolution, but mild dis-

conformities followed the slight uplifts accompanied by slight tilting.

Erosion of the strata on this coastal plain gave access on tlic part of

the ferruginous waters to the porous beds, in which the water soon devel-

oped artesion conditions.

Iron Ohe Deposits of the Clinton Formation

The Clinton iron ore was first discovered in or near the town of Clin-

ton, New York. It was found later to be very common thi-ou^ilumt the

Upper Silurian, and the same type occurs also in other geological hoii-

zons. It has been traced extensively throughout much of eastern Ndith

America along the folds of the Appalachian system.

The Clinton ores are usually found interbedded with shites. shales,

sandstones and impure limestones.

types of ore

The (Minton iron ores are known l)y various names according to text-

ure, composition and location.

The fossil ores (Plates VIIT, IX, XVI) are composed of large masses

of marine fossils, such txi^ bryozoans. corals, crinoid stems, brachiopods

and many other characteristic fossils of that age. These fossils are usually
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found in a very fragmental condition and have been wholly or partly re-

placed and coated and cemented with iron, or a mixture of iron oxide and

calcite cement.

The oolitic ores (Plates X, XX, XXI) are composed of oolites of hema-

tite cemented together like the fossil ores, but containing the peculiar

oolitic structures which have often been referred to as resembling fish roe.

The oolites are made up of a nucleus of quartz or other mineral, coated

in concentric rings or spheres with iron, usually in the form of red oxide.

The flaxseed or "seed" ore is really oolitic ore and has the same pecu-
liar structure. In some cases, however, the term refers only to a smaller

grained oolite, such as that in Ohio and Wisconsin.

Dyestone ore is the name given to the Clinton red hematite of Ten-

nessee and some other regions because of the fact that it has long been

used as a paint or dye ;
and even in very early times it was mined in a

small way by near-by inhabitants for such purposes.

The red flux beds refer to a lean seam or seams of fossil ore in northern

New York, the highest iron-bearing seam of the New York Clinton

formation, and found typically at Clinton, New York.

Soft and hard ore are names used particularly for southern deposits,

to denote the difference between unaltered ore and that which, as a result

of weathering and a loss of soluble materials like calcite, has left a resi-

due rich in iron oxide and high in silica; the resulting soft ore being
rather more porous than the hard, and found at or within a few hundred

feet of the surface. The hard ore, on the other hand, is called hard, not

because of its actual hardness, but because it runs high in lime and has

not been affected by surface changes due to weathering. If we were to

dissolve the lime from hard ore, the result would be a residue rich in

iron and silica and precisely like the soft ores. Because of the value of

lime in fluxing iron ores, the hard ores of lower grade are much sought
and extensively mined. The soft ores, originally supposed to be the only
valuable ores, have been for the most part worked out

; and the old open-
cut mines have given way to the underground hard ore mines.

EXTENT OF DEPOSITS

One of the most interesting problems to be solved in a study of the

origin of these iron ores is how any single theory of origin can account

for a line of deposits extending over such an enormous area. Following
the shoreline of the old Silurian land areas bordering the epicontinental

sea, we find deposits intermittently all along the line (Plate VII).
In Wisconsin, the ore occurs in Dodge County, attaining its greatest
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importance at a place called Iron Kidgc. This Wisconsii) deposit is iso-

lated and unlike the Clinton deposits found elsewhere, both in the shape

of the body which appears to have resulted from fillino; of a local basin,

and also in respect to the size of the oolites, which are smaller than the

oolites found elsewhere and are peculiarly flattened. Professor (irabau

of Columbia University (128, p. 77) hais ^suggested that they may be

wind-blown deposits in the nature of sand dunes, which have been buried

and later impregnated with iron ore.

I'he ore next appears in ISTew York, beginning near Rochester, where

it can be seen in the Genesee Gorge in Monroe County, and then extend-

ing eastwardly through Wayne, Oneida, Madison and Herkimer Counties.

In this state, the ore is being steadily mined at Ontario and Clinton.

The most extensive development is that of the Borst properties, in what

appears to be a small bay of the old Clinton sea, covering possibly 2,000

-acres near Clinton. Southward, we find the Clinton ores again outcrop-

ping in Pennsylvania. Here the deposits extend in a broken belt across

the central and southern parts of the state, including Montour, Snyder,

Juniata, Blair, Bedford, Mifflen, Centre, Fulton and Huntingdon Coun-

ties. These occurrences form a belt of several parallel ridges which run

isouthward into Maryland, where they appear in two beds in Allegany

County. The ore then passes into West Virginia, where it appears in

M-eiTcer, Monroe, Greenbrier, Pendleton, Hardy and Grant Counties.

'These West Virginia deposits have been but little used or explored.

The ores are then found in a few isolated sections along a line passing

tlirough the western part of Virginia and including Wythe, Giles, Bland,

Taisewell, Russell, Scott, Lee and AVise Counties. These deposits have

been worked to a limited extent but are for the most part in a very unde-

veloped condition.

The ore helt then passes through Tennessee, extending across the entire

width of the state, a distance of over 150 miles, into Georgia. The Ten-

nessee ores occur in Claiborne, Campbell, Rhea, Roan, Sequatchie, Ham-
blin and Marion Counties. Here, owing to the much-folded condition

of the strata, many seams in parallel ridges appear running in a southerly

direction into Georgia. In Georgia, the ore is found in Dade, Walker,

Chattooga, Whitfield and Catoosa Counties. The ores of Dirtseller,

Gaylors, Taylors Ridges and Lookout Mountain all are of considerable

interest.

From Georgia we find the ore extending into Alabama, where it reaches

its greatest development in the Birmingham district. It is found in

Shelby, Tuscaloosa, Bibbs, Jefferson, Dekalb, Etowah and St. Clair

Counties.
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Two other separate occurrences of this Clinton ore have been noticed.

One of them is a short spur extending from Kentucky into the southern

portion of Ohio. In Kentucky, it appears in Bath, Montgomery and

Fleming Counties. In Ohio, it is found in Clinton, Adams, Highland

and Muskingum Counties. The other occurrence, which is of no present

importance, is that of Missouri, where in Holt County a deep borehole

revealed a seam of fossil ore in what appeared to be Clinton strata.

From this outline, it is clear that these deposits are of great extent,

and that this feature must be reckoned with in accounting for their

origin.

Other Paleozoic Deposits

wabana deposit. newfoundland

The Wabana deposit, one of the largest deposits of interbedded iron

ore in the world, is located on Belle Isle, in part, and extends for a con-

siderable distance under the waters of Conception Bay, Newfoundland.

The properties have been estimated to contain 3,635,000,000 tons of

hematite iron ore (170, pp. 745-752).

Conception Bay on the east is bounded by a shore of Huronian strata,

which overly an anticline of Laurentian age, but are not conformable

with it. The western shore of the bay is regarded as pre-Cambrian.
Between these shores is a great synclinal trough of sandstones, slates and

shales of Cambrian age. The upper strata forms Belle Isle and contains

six beds of hematite, two of which are being worked at present. They
show the following section (Symons; 328, p. 1009) :

Feet Inches

Shales 56

Hematite 1

Sandstone 5

Hematite 1 ,3

Sandstone 2

Hematite .3

Sandstone 2

Hematite 3

Sandstone 2 6

Hematite 1

Sandstone and shale .3

Hematite 4

Sandstone 46

Hematite 9

Sandstone and shale 280

Hematite 12
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The ore consists of a dense red hematite, high specific gravity, with

bright metallic luster and a highly developed cleavage. The ore is of the

non-bessemer type.

These deposits are now being mined two miles from the oulerop, under

the sea. The quality of the ore has slightly improved with depth.

TORBROOK AND NICTAUX DEPOSITS, NOVA SCOTIA

Several beds of hematite of a similar type to the regular Clinton ores

have been located at Torbrook and Nictaux, Nova Scotia. The two

principal beds are the so-called "Shell" vein and the Leckie vein. Sec-

tions of this deposit may be found on page 147.

MIRA VALLEY DEPOSIT, CAPE BRETON, N. S.

The ore deposits of Mira Valley, Cape Breton, N. S,, are interbedded

iron ores much like the Clinton deposits. Professor Woodman in his

report (356, II-12-(3)) says in reference to them:

"The iron-bearing minerals are magnetite, red compact hematite, specular

hematite, and possibly siderite in small amount. They occur in bands, inter-

stratified with the sediments. In places they grade imperceptably into the

latter across the bedding, and often downward or on the dip and longitudinally

or on the strike. . . . These ores furnish perhaps the best examples known
of partial and interrupted replacement."

Section on McKinnon farm :

Inches

Slate wall

Red hematite 3.0

Slate 1.5

Quartzite 1 . .5

Magnetite 1.0

Slate O.o

Ronald McDonald farm :

Slate

Ore 1.0

Quartzite 2.0

Slate 1.0

Ore 1..5

Slate

Summary of Theories of Genesis

The origin of tlie Clinton ores has long been the subject of dispute,

and even to-day, witli tlie large amount of data available, we find con-

siderable diversity of opinion. Mining men, owners of mines and those
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interested in the financial success of the various properties naturally

lean for the most part to the theory that will best support their conten-

tion that the richness of the ore body will not diminish with depth. The

views maintaining this contention seem to be well sustained in certain

places by some of the facts developed in the course of actual mining

operations. In other localities, however, data appear to contradict this

view to some extent.

A theory which would apply to all of the Clinton deposits must ac-

count for the oolitic character of some ores and the fossiliferous charac-

ter of others, for the occurrence of the ores in conformable strata, for the

difference in lime and silica content in the various ore beds and within

the same bed, for the presence of waterworn pebbles and grains of sand,

for the soft and hard ores so common in the southern localities and for

the compact and cleavable ores of some of the northern deposits. To

find a theory that will reconcile all of these variables has thus far been

impossible, and most writers have admitted that to a limited degree

other theories besides their own may have some value.

Three principal hypotheses have been advanced to account for these

Clinton ores: (1) the theory of original deposition, which has been

referred to as the sedimentary theory; (2) the residual enrichment

theory; (3) the replacement theory. Of these theories, the first has the

greatest number of advocates. It has the merit that depth would not

affect the value of the deposits.

PRIMARY DEPOSITION

The advocates of the primary deposition theory believe that the Clin-

ton ores were deposited contemporaneously with the inclosing rocks, in

the form of chemical precipitation at the bottom of the sea. Some

claim that the iron was originally dissolved from the ancient crystalline

and metamorphic rocks of Appalachia Land. The ferruginous waters

were carried into inclosed or partly inclosed shallow seas or basins. The

iron salts were slowly oxidized and precipitated gradually, fonning con-

centric layers of iron about particles of sediment on the sea bottom. As

the sediments varie'd in kind and texture in different places and at dif-

ferent times, the nuclei about which the iron concretions wore formed

differed. In some layers, the oolitic structure surrounded grains of well-

rounded quartz sand ; in other layers, broken fragments of fossils such as

crinoid stems, brv'ozoans, brachiopods or corals were inclosed in iron

concretions. It is claimed by some that where calcareous fossils were

present, some replacement occurred, but only while the process of original

sedimentation was in progress.
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The advocates of this theory are numorons. Tn order to set forth the

arguments given in favor of this theory, ihe wi'itei- ((iiotes from several

of its leading advocates.

Quoting E. C. Eckel (37, pp. 32-33) :

'•The priiicipjil faets supporting,' the theory of sediiiuMitary origin may he

hrietiv .suiuinarized as f()lh)ws: *

"1. In mining fi-om slojics runniu!; down on tht> dip of tlic on> hcd. when
•once the limit of surface weathering is i)ass(Hl

— and this may l)e at any point

from 1 to 100 feet heh)w tlie outcrop—no further important change in tlie ore

is found with increasing depth ; thougli a nuuil)er of mine worlcings are now
close to 2,000 feet from the outcrop.

"2. A numher of horings in Alabama have struck the ore at i)oints from one-

half to one mile back from the outcrop, and at dei)ths of 400 to SOO feet below

the surface. The ore encountered in tliese borings was hard ore of the usual

qualit.v, and not merel.v a 'ferruginous limestone." Several borings in New
York have struck Clinton ore at distances of from 10 to 1." miles back from

the outcrop. These borings showed good ore at de])ths of 0(>4 to S)!)') feet below

the surface.

"3. The physical character of the oolitic ore cainiot readily be explained on

any replacement theory, while the formation at the present day of original

oolitic materials is a matter of common knowledge.
"4. The occurrence of fragments of the ore in overlying beds of limestone

in the Clinton formation as described by Smyth, points to the fact that the

ore had l)een formed prior to the deposition of tliis limestone.

"5. If the replacement theory were accepted, one would expect that the ore

beds would show a greater vertical range; that is, tliat they would at places

occur in rocks of other than Clinton age. Throughout their entire extent, the

Clinton beds are closely associated with Silurian and Devonian liniestont>s and

shales, some of which offer excellent receptacles for the replacement dei)i)sits,

but the characteristic i"ed ores are coutined to tlie Clinton itself."

The author goes on to say that primary replacements did not exist to

any great extent, but, although no definite proof has been found, it is

probable that some secondary replacement has since taken ])lace. Leach-

ing, of course, is noted. Eckel has done a very considerable amount of

work on these ores while engagcil in the ecoiiomic woi'k of the U. S.

Geological Survey, and, although his principal investigations wci'c upon
the deposits of the southern states, lie included a wide extent of Clinton

deposits in liis special study, and his views must be recognized as founded

upon accurate information and a bioad knowledge of the literature

available.

According to Professor C H. Smyth, .Ir. (317), the replacemenr

theory for the origin of the Clinton ore was not substantiated by the

facts in the field. The calcareous rocks would certainly have caused the

iron to be precipitated while it was passing through them, yet the ore is
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found in places directly underlying limestones and shales. Concretions

in the lean ore were found to be as ferruginous as those found in the

richer ores; accordingly, the substitution took place before the fossil

fragments were consolidated into a bed by the cementing material. If

the ore is formed by a process of replacement, it should contain some

ferrous carbonate, yet this has never been found. The iron did not come

from above, for the Clinton ore beds are often horizontal, with no chance

for the action of downward-circulating waters. There is no doubt that

the ore was laid down in the form of an original precipitate at the same

general time that the inclosing sediments were deposited. It is likely

that there has been some enrichment of the deposits by the removal of

calcium carbonate. The iron is secondary only in respect to the organic

fragments, but primary with respect to the ore deposits as a whole.

Weathering has contributed to the present condition of the fonnation as

we find it to-day in some localities. Iron oxide and silica were deposited

together from solution in meteoric waters. Organic material caused the

retention of the iron in such waters. There is a connection between

silicic acid, iron and organic acids in the soils, and a deposition of iron

and silica together. Oolites were not originally calcareous.

Smyth has probably been quoted more than any other writer in sup-

port of the sedimentary theory of origin. It is certain that the careful

microscopic work done by him is well worthy of careful consideration

before coming to any final conclusion in regard to the origin of these

deposits. Most of Smyth's work was founded on a study of the Clinton

ores of New York.

Quoting D. H. Newland and C. A. Hartnagel (234, p. .50) :

"The evidence in support of both views lias been traversed very tlioroughly

by C. H. Smyth, Jr., in a paper Vviiicli represents as well the results of long

experience and close study of the Clinton ores both in northern and southern

districts. There can Ije no doubt after an impartial perusal of Professor

Smyth's paper that the theory of sedimentary origin is fully substantiated for

most of the occurrences. For the ores under i)resent consideration, this is the

only explanation at all compatible with the conditions.

"The stratigraphic features presented by the New York section of the Clin-

ton do not lend themselves to the conception of vertical circulations of ground
water such as would be required to dissolve and carry iron from the overlying

strata. The ore beds everywhei'e lie nearly horizontal : their dip is universally

toward the south, at an angle no greater probably in many places than that

given by the contour of the original sea bottom on which they were deposited.

At no time in their subsequent history have they been steeply inclined. More-

over, they are overlain by thick shales not readily permeable to water. Under-

ground flowage must necessarily be limited and be dependent for the most

part on the cropping out of the more porous strata-like limestone and sand-

stone layers. Thus it is directed rather along the bedding planes than across
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them. Below the ore, tliere is also more or less shale intervening before the

top of the sandstone and couitjlonierate basement is reached."

G. P. Grirasley (130, p. 74) :

"The rooks of tlu' Clinton scries in this state arc sliah\s. clays, sandstones

and an absence of limestone. If there was orij^inally a l»ed of limestone now

replaced by ore, the stratum was a very irivj^ular one, varying in thickness

from 6 inches to '.> feet. It expanded and contracted from i)]ace to place in a

most irregular mannci-; a relation very unusual fr)r limestone, but often present
in sandstones and other shallow water rocks. I5y the theory of original sea

deposition of this iron ore, it would be formed in the Clinton sea in the same
manner as sandstones and shales. The iron was precipitated and mixed with

sand and clay in which fossils were preserved. The oolitic structure would

imply a concretionai\v deposit, the iron ore being pi'ecipltated around sand

grains in concentric form. In some portions of the sea, as in the Keyser area,

there was only a slight precipitation of iron in the sand.

"The difficult factor to account for in this theory is the quantity of iron

available for this deposit in the Clinton sea, apparently not duplicated at any
other time before or since. There must have been at this time an exceptional

quantity of iron present ; its source is difficult to explain. There are thus

encountered in both theories factors almost impossible to account for ; but it

seems to the writer that the theory of original deposition offers a more satis-

factory explanation of the origin of these West Virginia Clinton ores than

that of replacement."

One of the most complete publications on the Clinton ores has been

made by S. W. McCallie (216) for the Georgia Geological Survey. He

agrees with Eckel and Smyth in placing the origin as original sedi-

mentary deposition, but differs from them as to the source of the iron.

He maintains that it came originally from large deposits of glauconite

marl.

Both J. S. Newberry (232) and T. C. Chnmberlin (53) conclude tbat

the Clinton ores of their states were formed by original deposition of

their iron content, similar to the Swedish lalce ores.

H. D. Eogers (290, p. 739) :

"The regular ores of the Surgent (Clinton) series are to be regarded as

among the pei'manent constituent strata of the formation, and as having origi-

nated with other sedimentary materials in the form of very extended, but

thin, sheets of ferruginous matter, covering at successive epochs the wide floor

of the quiet Appalachian sea."

He goes on to say that the source of the oxides has not been deter-

mined. He acknowledges that much secondary enrichment has taken

place by enormous quantities of ferruginous matter diffused in marls,

slates and shales in contact with the ore bodies, being dissolved in tho

form, of sulphate and then redcpositing the iron in the ore beds, reaction
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with the lime of fossils converting it to peroxide. This secondary en-

richment is plausible because where the outcrop, the slope of the ground,

the thickness of the overlying strata and other conditions are favorable

to considerable infiltration of surface water, the ore carries a higher

amount of iron than at less favorable places. The fossils often form

one-half of the total weight of the ore; it is obvious that if part of the

lime thus contained is dissolved out, the remaining peroxide of iron vidll

form a much larger percentage of the total bulk of remaining material.

SECONDARY ORIGIN

Residual Ennchment Theo7-y

The residual enrichment theory starts with the supposition that the

-ore beds were originally limestones rich in iron, that by a process of

leaching the lime carbonate was partly or wholly removed, and that the

iron, together with the insoluble material, was left in a much more con-

centrated form.

Similar effects are known in tropical countries
;
in Cuba, for instance,

where silica by a process of weathering known as laterization has been

removed from iron-bearing rocks, leaving the iron and insoluble portions

rich enough to be classed as an ore and mined profitably.

I. C. Russell (292, pp. 22-23) :

"Portions of the Silurian rocks of Alabama, readily recognized as limestones

when unweathered, are easily mistaken for sandstones and shales when only
their weathered outcrops can be seen. The Clinton ore, or fossil ore, inter-

bedded with strata of shale and sandstone forms one of the most character-

istic beds in the Upper Silurian rocks of Tennessee and Alabama. In the

mines of Gadsden and Attalla, Ala., where Clinton ore is worked, the strata

are highly inclined (a dip of 70 to 80 degrees to the southeast prevailing) and
well exposed for study.

"The outcrops of the beds are soft, porous, highly fossiliferous ore, which
has a deep brownish red color, and is easily worked and easily smelted. The
ere at Attalla retains this character to the depth of about 250 feet, measured
down the slope, and then changes to a hard, compact, ferruginous limestone,

rich in fossils. The marked difference in the character of the ore in the upper
portions of the mines as compared with that of the lower portions is due

entirely to weathering. This is shown by its chemical composition. Two
typical samples of the ore, selected by me—one from near the surface, repre-

senting the ordinary character of the soft ore, and the other from a depth of

250 feet, representing the hard ore, but not the most calcareous variety—gave
on analysis the following percentages of iron, lime and carbonic acid, after

drying at 105 degrees Centigrade :

^^ ^^^^.^^^^ ,.^ ^^^^

Fe 57.52% 7.75%
CaO 1.38% 47.64%
CO, 30% 34.90%"
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Eckel (37, J). 33) .claims that I\us.sell was niistakcii and tliat ihc Al-

tai la ores do not vary witli depth.

Replacement Theory

Tlie replacement theory holds that the iidii content of the Clinton

rocks in the foi-m found at present has resulted from a replacement of

lime carbonate by iron, long after the roc;!^s had been deposited. The

iron was introduced by descending waters charged will) imn wliich they

had dissolved out of overlying ferruginous rocks.

J. J. IJutledge (293, pp. 254-2r)5) :

"The conclusion that tlie iron content of the Clinton iron ore beds of Stone

Valley, Penn., is due mostly to rei)lacement by removal and enrichment, seems

unavoidable, when it is considered that but a portion of the fossiliferous lime-

stone or of the hard ore is found to contain iron oxide when examined in thin

sections under a microscope. Calcite cement makes ui> liy fai- the greater

portion of the section.

"An analysis of the limestone shows that it contains but 2.12 per cent of

FeO and 2.35 per cent of FcjOs. These seem much too small an iron content

to yield as rich an ore as the soft ore, simply by the removal of the calcium

carbonate. Field conditions such as the occurrence of weathered shales, dull

colored clays and iron-stained sandstones, prove that the action of replacement
is still going on.

"The iron came originally from the overlying shales and was transferred

later to the beds of fossiliferous limestone."

The following reasons are advanced by Eutledge for the statemeni

that the addition of iron was not due merely to the i-emnval i>f the lime-

stone, as would be the case under the enrichment theory :

"(rt) The character of iron ore concretions where associated with silica.

"(&) The invariable association of the soft ores (rich) with the leached,

decolorized shales and the hard (lean) ores with unweathered. bright red

shales.

"(c) The relations of the ores to the shattered sandstones and to the topo-

graphic situation of the ores.

"{d} The fact that analogous replacements are now going on in the Medina

formation.

"(e) The observed in'ogressive steps in the transformation of the limestone

to an ore, which may be followed in the field, in the sections under the micro-

scope and in chemical analyses.

"(/) The absence of conditions such as local crumpling, including a .shrink-

ing of the strata, pointing to a relative rather than an .ibsolntc enrichment

of the ores."

I. C. White (198, pp. 135-137) :

"The iron has evidently been filtered into the bed as the lime has beea



EARLE, INTERBEDDED IRON ORE DEPOSITS 131

filtered out of the bed, otherwise the pei'centage of iron in the bed would not

diminish below drainage level.

"Wherever the ore is valuable the inclosing rocks are very much weathered ;

the lime rocks are changed into clay and the shales overlying the ore are

bleached almost white; their iron having presumably been transferred to the

ore bed. And this is a reasonable way of explaining the fact that the ore bed
does not always keep the same place in the series, for any bed can become an
ore bed, provided it is so situated as to be a water-bearer and recipient of the

iron-leachings."

A. F. Foerste (110, pp. 38-39) :

"As a rule the iron has replaced the substance of the bryozoan itself; all

the stages between partial and complete replacement may be noticed, the most

complete stages being of course found in the purer ores. Usually, correspond-

ing changes are observed in the cement Avhich binds the oolitic grains together
into a solid mass. It is evident in these cases that the origin of the oolitic

structure is not due to a concretionary segregation of iron particles, but finds

its explanation in the gradual replacement of the lime of the fragmental fossil

bryozoans, particle by particle, by the iron ore."

N. S. Shaler (303, p. 163) :

"The ores were not included in the present iron-ore beds at the time of their

deposition, as conditions varied so much at different points that this would
have been impossible. The ore-occurrences are due to replacement of limestone

beds by iron-bearing solutions derived from overlying shales. The iron could

not have been deposited as far from the shore as the limestones were."

J. P. Kimball (190, p. 355) :

"Parts of thin fossiliferous limestones of the Clinton group of strata are

often replaced by red and bi'own ferric oxides from extraneous sources.

"This replacement has been wrought especially in steep dips by infiltrations

from drainage of adjacent ferruginoiis strata, partially of an inferior series

outcropping topographically higher in the flanks of these parallel ridges."

Application of Recent Investigations

theory of original sedimentation

Even though it may be demonstrated that the oolitic hematite can be

successfully synthesized in a chemical laboratory in open agitated water;

even though oolitic formations such as the sand of the Great Salt Lake

in Utah and the brown iron oolites of the Swedish lakes are being formed

in open water to-day ; yet no matter how plausible the theory may be in

most respects, if a single factor prevails that would be impossible under

conditions necessary for original deposition of the iron ore beds, it is



132 ANNALS NEW YORK ACADEMY OF SCIENCES

enough to discredit the correctness of the sedimentary theory and to

force us to look elsewhere for an explanation of the origin of these forma-

tions.

Sedimentary Aspect of the Ore Beds

That the general appearance of the ore beds would give the impression
that they must be regular sedimentary iroii-ore beds laid down as the

advocates of sedimentation suggest, cannot be doubted. Clean contacts,

lens-shaped deposits, widespread occurrence, separated individual iron-

coated oolites, non-ferruginous sandstone and limestone beds overlying

some of the ore beds and underlying others, all would tend to give weight
to the sedimentary hypothesis. Before the theory can be considered as

proved, however, it must account for certain conditions that appear to the

writer irreconcilable with any theory based upon original deposition.

Consequences of Sedimentary Theory

In the first place, let us apply the sedimentary theory to the oolitic

hematites that are so common in New York, Virginia, West Virginia,

Kentucky, Ohio and Wisconsin. Under the sedimentary theory, it is

assumed that the Clinton Sea was heavily charged with iron salts in solu-

tion, and that, as sediments were being laid down along the shallow and

gently inclined shore slopes, myriads of sand grains under the influence

of considerably agitated waters were coated with layer after layer of

iron oxide, which in many cases alternated with silica. These iron-coated

grains finally accumulated into beds in the same manner as any sand

stratum would accumulate and were then cemented by more iron and

calcite into solid beds or layers of sedimentary rock like any other sedi-

mentary deposit.

For the sake of argument, let us assume that such conditions did exist.

If the sea-water contained enough iron in solution successfully to coat

grains of sand until they formed a bed several feet in thickness, would it

not be reasonable to suppose that all sediments laid down simultaneously

would be coated, impregnated or at least stained with iron? Would not

all lenses of clay and shale and limestone be completely saturated with

the same iron-bearing sea-water that coated the mass of oolites? Would

it be possible for any portion of the shore deposits along the entire length

of the Clinton Sea to have escaped without leaving permanent evidence

of the presence of such large quantities of iron in solution in the sea-

water—iron sufficient to cause deposits within a comparatively short

period extending for nearly two thousand miles along the shore, many
miles out to sea and in some cases many feet in thickness ?
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Field Evidence

In a small seam of oolitic hematite about eight inches in thickness

located at Big Stone Gap, Virginia, the writer discovered what at first

appeared to be a small bowlder (Plate XI, fig. 1) entirely surrounded by

iron oolites. Upon removing the stone and breaking it, lie found that

instead of being an ordinary bowlder, it was an original formation, such

as is often present in beds of loose sand that have been penetrated grad-

ually by mineral-bearing solutions and consolidated by the well known

process of cavernous consolidation, leaving loose sand-filled cavities (Plate

XI, fig. 1). The "bowlder" was well filled with practically pure loose

quartz sand, with no iron-coated or hardly even iron-stained grains (Plate

XI, fig. 2) and was merely the first of several also similarly sand filled.

Here we have a local accumulation of sand made up of quartz grains

entirely surrounded by iron-coated oolites, yet completely ignored by the

iron-charged solutions and not even consolidated. A little farther on in

the same seam, another small mass of yellowish white sand was found,

which was partly consolidated but had not been penetrated by the solu-

tions that coated the surrounding oolites (Plates XII, XIII).

If we still believe that the iron-bearing solutions were a part of the

sea-water, how can we explain two sets of different consolidations, one

with iron the other without iron, from the same source and at the same

time as the surrounding conditions seem to indicate in this case? Let it

be emphasized that these occurrences are situated not at margins of ore

seams, but well within a distinct stratum of hematite.

In Clinton, New York, in a single hand specimen, the writer found

oolites coated with iron oxide and other oolites coated with a green min-

eral in concentric layers (probably an iron silicate, greenolite) and still

a third type of oolite composed of a quartz nucleus, then a ring of iron

oxide, then a thicker ring of the green mineral and finally another ring
of iron oxide. In a seam in Birmingham, Alabama, a single slide of the

Clinton ore shows a calcite-coated oolite and an iron-coated oolite side by
side. How would it be possible for the iron-charged sea-wat^r to distin-

guish between different grains of the same mineral and coat one with one

substance and its neighbor with an entirely different mineral?

At Niagara gorge, we find the Clinton series of limestones, shales and

sandstones, but no evidence of iron-ore seams. This indicates that the

iron-bearing marine solutions had suspended operations at this point, and

yet had been active as far west as Ohio, Wisconsin and Holt County,
Missouri.

Finally, in applying the sedimentary theory to the fossil-ore beds, we
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find conditions similar to those prevailing in the oolitic strata; limestones

untouched by iron-bearing solutions, but with overlying and underlying
iron-ore seams; lenses from a few inches to many feet in length composed
of limestone witli only a slight marginal penetration of the iron, and yet

entirely surrounded by iron ore (Plate XIV, fig. 1). In ])laces, fractures

in the limestone beds have been penetrated, by iron and the* walls of the

breaks lined with ore. In other occurrences, the iron has followed seams

or laminations in the limestones and has replaced the limestone along
these planes of weakness (Plate XV).
A generally prevailing condition of apparent replacement in all stages

is found in both fossiliferous and oolitic beds, in which both calcite and

quartz show corrosion and replacement (see photomicrographs, Plates

XVI, XX, XXI).

Inadequacy of Sedimentation in Open Sea

The conclusion seems justified that, whereas widespread similarity of

conditions should be expected, with unbroken evidence ot the presence of

marine iron-bearing solutions in the sedimentary beds (whether of sand-

stone, limestone, shale or clay), yet the reverse conditions actually exist,

for (1) small lenses of loose sand untouched by iron-bearing solutions

are found, which, under the conditions imposed by any sedimentary

theory, could not have been free from the iron; (3) two unlike consoli-

dations, one without iron, the other surrounding the first and completely

charged with iron—a circumstance that would have been impossible

under the sedimentary conditions pointed out by the various advocates

of marine deposition of iron ores; (3) differently coated oolites in the

same immediate locality would hardly seem possible under such a theory ;

(4) the penetration of iron into seams, lamination planes, weakened

strata, mudcracks and fissures running off from the main ore beds could

hardly be explained under theories depending upon a primary origin of

the ores.

Sedimentation in Lagoons

In regard to a growth witliin inclosed lagoons or basins of shallow

water, the field evidence in some yjlaces may bear this out. The writer's

observations, however, have seemed to show much active wave erosion and

considerable rather violent agitation of the sea-water. This is illustrated

by what appear to be two well-formed stacks which could only have been

shaped by wave erosion
;
one at Clinton, Xew York, and the other at Eed

Mountain, Birmingham, Alabama. Further evidence might be suggested,

as, for example, the existence of several kinds of varieties of coral which
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do not thri\e in the still waters of inclosed basins but require agitated

waters in the open sea. lu places, also, the sediments contain a large

amount of water-worn material, fossils badly broken and coarse-textured

conglomerates. So, although we do see in places such testimony as Pro-

fessor Smyth (317) has suggested, yet we find also much evidence of

quite different conditions; and, therefore, it seems to the writer that

little importance can be attached to the supposed basins as an aid to the

•determination of the origin of these ores.

THEORIES OF REPLACEMENT AND SECONDARY ENRICHMENT

Persistence of Ore Seams

The question of depth and distance from the outcrop to which the ore

is known to extend is an interesting one, and the facts are inconsistent

with the theories of secondary enrichmeftt and replacement, where such

theories depend upon leaching of slates and shales or vertical descent of

ground waters. One boring has shown good ores, 1,903 feet deep and

two and one-half miles from the outcrop ; another over 800 feet deep and

more than ten miles from outcrop and with a very low dip. The writer

is inclined to agree with Professor Smyth (loc. cit.) in part in regard to

such data; but as to using this great depth as an argument in favor of

original deposition, he cannot convince himself that it applies. Some of

the deposits in that event must have extended into waters of very con-

siderable depth and distance from shore; and as depth increased, the

amount of iron necessary for keeping up the same degree of richness as

nearer to the shore must have been great indeed. It would seem highly

improbable that these iron-bearing marine waters could circulate over

and through the sediments without becoming diluted in the great expanse
of water, as currents carried them far out to sea. The present writer

would, on the other hand, lay claim to the argument of great depth in

support of his ideas of origin, which differ widely from those of the advo-

cates of original deposition.

Unreplaced Limestone

Finally, as to the argument that some overlying beds of limestone

would be excellent for replacement of lime by iron and yet remain prac-

tically untouched with clean-cut contacts although in close proximity to

iron-bearing seams. Here again the writer agrees with Professor Smyth
that the facts are against the replacement theories as ordinarily ad-

vanced, especially since many layers of impervious rock lying in a more

or less horizontal position intervene between the ore seams and the sur-
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face. Yet the writer's own coiiceplion of the ori^iin of tliese ores is

much strengthened by these same conditions, which are indeed neces-

sary, according to his ideas, for the existence of the iron-bearing seams.

Because of these conclusions, it seems unnecessary to the writer to spend
further time on a theory tliat in the light of such conditions as have

been pointed out seems not only inadecjuate but impossible.
«

Secondary Enrichment Theories

Under the head of secondary enrichment may be classed both ciiricli-

iiient due to replacements and that due to residual enrichment. Of the

theories of secondary origin, some depend upon leaching of soluble mat-

ter and a consequent enrichment of the iron-bearing deposits because of

relative insolubility of the iron, and others upon a combination of re-

placement with enrichment by a process of leaching of iron from over-

lying ferruginous shales and slates and replacement of the lime in ilio

underlying limestone by iron thus obtained. The most that can be said

regarding these possibilities is that undoubtedly these alterations luive

been made, but to a very limited extent, and such methods are wholly

inadequate to explain the distribution of the ore, as sliowii by icccut

borings and extensive underground mining, which have provetl tlint hard

ore does not change materially with depth, and that the above theories

only account for the very superficial fades called soft ores. Absence of

extensive exploration gave these theories plausibility and caused much

favorable comment upon them for a time, but more recent underground

mining has caused them to be more or less generally discredited.

Sim.ple Replacement Theory

c-We still have one well recognized theory to discuss before advancin

the theory of the writer, and that is simple replacement. The advocates

of this theory have seen extensive evidence of replacement of the calcite

by iron in the fossiliferous beds and have noted the replacement of the

lime cement by iron. Tn respect to the evidence advanced by these au-

thors, the writer is inclined to believe that to a large extent it is correct,

but in a few particuhirs he finds himself obliged to disagree with their

deductions.

The first is the attempt to account for the iron as a leached product
from overlying shales. It seems incredible that such immense quanti-

ties of iron can have been derived from so limited a source. It also

appears, as Professor Smyth has well stated, that the intervening layers

of limestone which are comparatively free from iron would have offered
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an excellent field for progressive replacement, whereas we find more or

less clean-cut contacts and imderlying rich iron ore beds. A second

point of disagreement is in relation to the direction of movement of the

iron-bearing solutions under these theories, which, in the various papers

examined, seems to be by vertical descent of ground water, often limited

in depth to a few hundred feet. Thus I. C. Eussell (292) refers to a

case in Attalla, Alabama, in which the ore changed to ferruginous lime-

stone within a few hundred feet of the surface.

PAET II. ARTESIAN REPLACEMENT THEORY

Artesian Conditions

controlling factors

Artesian conditions result from a natural arrangement of strata in

such manner that they act as a retaining basin or catch basin in porous
strata in which water is or may be confined under hydrostatic pressure
sufficient to cause the water to rise when the reservoir is tapped.
The conditions requisite for the existence of artesian wells, as set

forth by Chamberlin (54a), are the following:

1) A porous stratum for the penetration of water;

2) An impervious underlying layer to prevent the downward escape
of water;

3 ) An impervious overlying layer to retain the water under pressure ;

4) An inclination of the layers, at least in part, so that the point of

entrance is higher than any other portion of the retaining layers ;

5) A reasonably large exposure of the porous layer, in order that free

entrance may be provided for the penetrating waters;
G ) Sufficient rainfall for water supply ;

7) Absence of any place of escape for the retained water.

This summar\' of the usually quoted factors may be taken to indicate

ideal artesian conditions, but many variations may exist and still allow

artesian flow, although these requisites or adequate substitutes for them
must be present.

The pervious medium may be any crystalline or sedimentary non-

crystalline rock or stratum which contains enough pore space to permit
a circulation of the penetrating water. Sandstones (particularly of

coarse texture), fossiliferous limestones and even in some cases coarsely

crystalline limestone may serve as a carrier and saturation medium for

artesian waters. In some instances, even bedding planes, laminations

or fracture systems may be adequate.
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The impervious floor is not absolutely necessary. In some cases, arte-

sian flow might be expected if the underlying layer, although penetrable,

was less porous than the middle layer, so that the incoming water would

accumulate with greater rapidity than it could escape downward. This

would occur in the case of the two sandstones of marked difference in

texture, the upper coarser and the lower finer.

The impervious layer above is more essential, but even here extreme

differences of texture may give some results, even though the overlying

layer is somewhat porous. It must be remembered, moreover, that poros-

ity is relative and that absolutely impervious strata are unknown.

Another very important consideration with reference to these porous

and impervious layers is the possibility of accumulations by precipitation

•or by the mechanical filling of voids at or near the line of contact be-

tween the strata. If, for example, two sandstones, one coarser than the

•other, are in contact, precipitation would first occur near the contact in

the pore spaces of the finer textured rock, as there the penetrating solu-

tions would move with less freedom and rapidity.

Mechanical sediments as well as mineral crustvS might be expected to

play some part toward establishing more complete artesian conditions.

Circulating ground waters, following lines of least resistance, tend to

establish more or less definite channels, and if these channels are fairly

well retained, nature itself will attempt to improve conditions by steadily

increasing the density of the carrying medium through cementation and

other processes of filling the minute channels of escape.

Inclination of artesian beds is necessary only for the purpose of allow-

ing gravity to establish hydrostatic pressure. If the water head is suffi-

ciently high to develop enough pressure to overcome the friction and

other causes of retarding a free flow of water, it is fair to assume that

artesian waterways may exist in practically horizontal layers, the move-

ment of the water depending upon the amount of pressure exerted by tlie

water column.

The absence of an avenue of escape may be accounted for in many

ways; for example, a marine slope may be terminated at the lower end

by a change of texture from coarse to very fine, as sand to mud
;
or pre-

cipitation may take place at the lower end of a runway, thus filling the

voids in the previously porous layers.

CIRCULATION OF ARTESIAN Vi^ATERS

It has been suggested that artesian water is stagnant until tapped;
but the writer is inclined to believe that absolutely stagnant artesian

waters would be unusual if not impossible.
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In the first place, any leakage, even though very slow, would promote
circulation in the inclosed waters

;
artesian conditions depend upon rela-

tive, rather than absolute, imperviousness.

In the second place, differences in temperature would cause the estab-

lishment of currents involving a more or less constant circulation. That

such differences of temperature do exist between the surface waters at

the outcrop of the porous layers and the waters confined at considerable

depths is hardly open to question. The density of cooler water is greater

than of water at higher temperatures, and therefore such water would be

acted upon by gravity, causing the denser water to sink while the less

dense would rise.

In the third place, dissolved salts would add to density of the waters,

and if solutions heavily charged with iron salts were admitted to the

artesian runways, they would tend to sink until by precipitation they
lost a part or most of their load, after which they would tend to rise and

give place to other charged water from above.

Fourth, waters charged with insoluble mechanical sediment would

tend to sink and set up circulation within the runway.

Fifth, oscillating movements of the water would occur because of tidal

variations in load, accession of fresh surface water, crustal movements
and other minor causes effecting changes of pressure transmitted in

various ways, such as through the overlying impervious layer or through
the water in the reservoir.

Slowly moving waters thus act as carriers of iron salts and other min-

erals and gases and precipitate much more readily because of relative

confinement and slow method of circulation.

Typical Sections of Clinton Ores

missouri

Holt Coimty. Drill hole. Red oolitic hematite of Clinton age, 1,885
feet below surface, showed the following section (Crane, 66) :

Feet Inches

Purple shales (impervious) 21 3

Oolitic hematite (porous) 3 8

Earthy argillaceous hematite 5

Light green sandy shale (impervious) 2 6
Bluish green shale (impervious) 64 9

ALABAMA

In the Birmingham District, out of about 80 sections extending over

forty-two properties, seventy-two included ore seams either fossil or
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oolitic with shale or slate directly overlying and underlying the ore beds.

These seams included the Ida, Big and Irondale, besides many too small

to be of practical importance. (For sections, see Eckel, 37, pp. 74-78.)
Section East No. 2 mine, Red Mountain (Phillips, 266, p. G4) :

Clay and soil. . .

Sandstone

Clay
Sandstone

Clay
Ore

Clay
Ore

Clay
Ore

Clay
Ore

Clay
Ore

Clay
Ore

Clay
Ore

Clay
Ore

Clay
Ore

Clay

Ore, fine grained

Clay

Ore, fine grained
Slate

Ore, fine grained.

Clay

Ore, fine grained.

Slate

Ore, fine grained.

Slate

Ore, sandy
Slate

Ore, sandy
Slate

Ore, sandy
Slate

Ore, sandy
Slate

Ore, limy
Slate

Ore, limy

Feet Inches

.5

.5

.5

2

6

2

3.5

1

4

4

4

0.5

1

2

10

1

2.

0.

0.

1

2

0.5

2

2

4

0.5

5

1

7

1

4

2

1

1

2

6

1

7

1

2

0.5

2
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Feet Inches

Slate 0.5

Ore, limy 8

aay 0.5

Ore, sandy 6

Slate 3

Ore, sandy 3

Slate and sandy ore 6

Ore, sandy 1

Clay 0.5

Ore, sandy 3

Slate 1

Sandstone 6

Ore, good 10

Ore, poor 12

Cherokee County. Section at Ford ^ew Bank, X. W. i^ of N. W. i^.

Sec. 33, T. 9, E. 9 E., southwest side of Eound Mountain (Phillips, 266,

p. 42) :

Shale, cover

Ore, soft, upper bench

Shale, ore

Shale, yellowish

Ore, reported to be 2 feet in places, lower bench.

Sandstone

Feet

1

1

1

Inches

6

6

2

Dekalb County. S. W. comer S. E. i/4. Sec. 4, T. 10, E. 6 E. :

Feet Inches

Shale

Ore, shaly.

Shale

Ore

Shale ....

1

3

1

6

Same a little northeast
Feet

Shale

Ore, good
Shale 15

Ore

Shale

Inches

8

10

N. W. corner of Sec. 33, T. <S, E. 4 E. (266, p. 45) :

Feet

4

18

Ore, about

Shale, about

Ore, about

Shale 10-12

Ore, about

For other sections adjacent to above, see 266, pp. 44—48.

Inches

8

4

3
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10

2

2
f>

2

2

Etowah County. Broughton Bridge Gap, X. E. l^ of N^. E. I/4, Sec. 7,

T. 11, R. 6 E. (266, p. 48) :
^ ' ^ ^

Feet Inches

Sandstones with some iuterstrutified shales and

loam 22.T

Shale, ore, in alternate streaks

Sandstone, very h;inl. called cai) rock to ore,

Shale »

Ore

Shale

Ore 1

Shales with interstratified sandstone, about 100

Ore, good and soft, outcrop about 3

Shales, sandstones, about 175

Shales, ore, the ore very sandy and in thin seams

in shale 10

Loam, sandy, red, with loose shales, about 80

Loam, ore, the ore sandy and in loose pieces in

red sandy loam, about 10

Pelham (Trenton) limestones

Jefferson County. West Eed Mountain. Section in Pit in S. E. i/^ of

N". W. 14, Sec. 20, T. 15, R. 1 W. (266, p. 52) :

Feet

Debris, soil

Ore. sandy, in large grains 5

Shale, yellowish, only in places

Ore

Shale, yellowish

Ore 1

Shale, ore, the shale is yellowish and carries

the ore only in places, in streaks

Ore 1

Shale, yellowish 12-14

Ore, soft, scarlet color 1

Ore, shale, in alternate streaks, the ore is

sandy 1

Ore. shale, the ore is soft 7

Section of Big Seam, opposite Oxmoor (266, ]).
61 ) :

Feet

Ore 7

Shales, pebbles Trace

Ore 8

Shales

Ore 2

Shale

Ore 8

Shale

Ore 1

Inches

1

2

2-3

4

6

2

Inches
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Shale

Ore ..

Shale

Ore ..

Feet

7

1

Inches

2

11

3

GEORGIA

In Georgia, the same arrangement of strata prevails as that found in

Alabama. The porous layers of sandstone or limestone are joined top

and bottom with impervious layers of slates or shales. In a few cases,

fine-textured sandstone joined the much coarser layers of ore. Thirty-

seven sections taken in this state showed without exception similar favor-

able artesian conditions. In nearly all cases, the ore seams consisted of

fossil ore and always much coarser than surrounding layers.

Walker County, Lookout Mountain (216, p. 96), Edmund Evitt's

property. Lot 220, 12th district: *

Shale

Ore ..

Shale

Ore ..

Shale

Feet

2

4

Inches

10

Chattooga County. Lookout Mountain (216, p. 123).

property. Lot 171, 13th district:

Shale

Ore ..

Shale

Ore ..

Shale

Ore ..

Shale

;e1

1
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Tayloi-'s Eidge (216, p. 133) :

Feet

Heavy-bedded sandstone.

Ore

Shale

Ore

Shale

Mr. Maddox's property (216, p. 135). Lot 160

Sandstone

Ore

Shale

Ore

Shale

Feet

1

7

Indies

5

1

1

Inches

7.5

3

1.5

Dade County. Lookout Creek (216, j). 59). Lot 83, 18th district:

V eet

Ore (overlain by shale)

Shale

Ore

Shale

Ore

Shale

Ore

Shale

Ore 1

Shale 2

Ferruginous, fossil limestone

Shale 6.1

Fossiliferous limestone

Shale with thin layers of sandstone and lime-

stone 40

Inches

10

8

1

6

3

6

1

9

4

TENNESSEE

Safford (295, p. 304)
Feet

Greenish shale 22

Ore, with parting of shale 1

Sandstone, fine grained 6

Greenish shale with occasional iron seams 67

Oolitic ore, calcareous 4

Greenish shale 21

Inches

6

VIRGINIA

Low Moor, Horse Mountain (92, p. 188)

Slates and thin sandstone

Fossil ore, brown and porous. .

Fossil ore, red and fairly good.

Ochery clay

Shales

Feet

1

2

Inches

10

7
o
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Slope 2 :

Feet Inches

White quartzite 30

Shales 2

Red fossil ore 1 4

Ochery shales and thiu sandstone 1

Shales and sandstone 2

Biff Stone Gap, Va. : ,. . , uo ^' Feet Inches

Slate, badly weathered 1

Oolitic ore 8

Slate

WEST VIRGINIA

In West Virginia, the same artesian arrangement of strata prevails as

"that found in the more southern states. Shales overlying and underlying

•ore seams in almost all cases.

Pendleton County. Wagner Knob (130, p. 166) :
^ ° ^ ^ Inches

Hanging wall, green shale

Good ore 5

Dirt and clay 4

Sandy ore 18

Foot wall

Foot wall, green shale

Z (130, p. 167) :
^ ' ^ -^ Inches

Hanging wall, green shale

Good ore 6 . 5-9

Green shales 7.5

Good ore 3^
Slaty ore 4

Green shales 9

Slaty and sandy ore 5-6

Foot wall, green shale

(130, p. 197) :
^ ' ^ ' Feet Inches

Black shales 4

Red fossil hematite 1

Thin, flaky, black shale 4

Limestone 2

Shales with lime layers 1

PENNSYLVANIA

The same arrangement of ore and shale is found very generally in

Pennsylvania.
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Union and Snyder Counties (84, pp. 65-6H) :

Sandy calcareous shales 175

Ore, sand vein 2-3

I'urplish red calcareous shale 10-30

Ore, Danville ore

Shale, middle olive shale l^O

Iron sandstone and shales \ .< (50-70

Shale, lower olive shale oOO-GOO

Birdseye fossil ore

Shales, low^er olive shales 150

Inches

16-18

&-10

Moores Ore Bank (83, p. 58 F) :

Shale

Ore

Fire-clay

Ore

White clay, carbonaceous

Limestone, at top a rotten olive shale

Sandstone

Granville Gap (83, p. 46 F) :

Lower Clinton shales 135

Block-ore 13

Ferruginous sandstone 6

Shale, light green and yellow 30

Birdseye fossil ore, rich

Yellow shale 30

Block-shot-ore

Shales 150-200

Medina sandstone, No. IV

Inches

8-12

NEW YORK

The Clinton red hematites of New York meet the requirements of the

artesian theory : impervious layers of shales and cherty limestones, with

coarse oolitic or fossil ore in the porous layers,

Genesee Gor^e, Rochester (234, p. 20) : ^ . , ..° ' \ ' J- / pgg^ Inches

Bluish gray limestone 18

Green shale 24

Hard siliceous limestone 14

Iron ore, fossil 14-16

Green shale 24

Ontario (234, p. 21): „ . r ^,^ ' ^ ' Feet Inches

Cherty limestone S

Iron ore, fossil 2 2

Green shale 9

Medina shale
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Clinton (317 and 216, p. 29) :
^ ' r / Pgg^ Inches

Sandstone, calcareous, thin shale at bottom 50

Red flux bed. shale partings 6

Sandstone, very calcareous, with small seams of

iron 6

Shale 15

Oolitic ore 25^0
Shale, merely a parting 2

OiUitic ore 1

Shale, with some sandstone 100

NOVA SCOTIA

The same artesian strata are found in Nova Scotia. It is uncertain

that these ores are Clinton, but they are called Clinton by several writers,

and until they are more accurately placed, they will be referred to as

Clinton ores.

Baker Xo. 1, Pit 10 (South Side) (356, p. 71) :
^ / ' I /

pgp^ Inches

Ore 10

Slate 2 10

Ore 4

Slate 2 6

Ore 7

Slate 1 6

Ore 2 3

Slate 3 3

Ore 6

Leekie A'ein, Pit No. 24 (356, p. 80) :

Feet Inches

Green soft slate 1

Ore 1

Slate 1 3

Ore 6

Green soft slate

Artesian Conditions in the Clinton Deposits

A close examination of a hundred or more ore seams, distributed from

Birmingham. Alabama, to Eochester, New York, has been made by the

writer, and in practically every case structures were found that woiild

favor excellent artesian conditions. Beside the seams personally exam-

ined, practically all available literature that contained sections of Clinton

deposits (and including some unpublished manuscripts also containing

sections) has been carefully examined, with the same result in nearly

every case. Out of more than eighty sections in Alabama alone, seventy-
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two sliowed ore seams with sliale or clay partings or strata ranging from

a fraction of an incli to several hundred feet in thickness above and

below.

Taking u|) tlio artesian conditions found in the Clinton iron ore de-

posits more in detail, we find governing factors.

POROUS LAYKUS

^J'he first arc the porous strata, or better those which were without

doubt originally porous, and which consist of fragmentary rocks such as

sandstones now in many cases altered to the oolitic hematite beds. Seams

of til is class were personally examined at Clinton, New York, and Big
Stone Gap, Virginia. Specimens of oolitic ore with quartz grains as

nuclei were also examined from Kentucky and from AVisconsin. Records

of similar strata have been found in Ohio and West Virginia.

Rock slides made from this class of ore show conclusively that the

original sediments must have been ordinary shore or near-shore deposits

of sand, similar in every way to ordinary marine sand such as we find on

our beaches to-day. Sand, loose or consolidated by cementation into

common sandstone, forms as perfect a porous medium as could be de-

sired for artesian purposes. Some sandstones show as high as 30 per cent

pore space. The other principal type of Clinton ore, the fossil ore, con-

sists of beds of fossil fragments such as pieces of crinoid stems, corals,

bryozoans, brachiopods, and many other varieties of Clinton fossils,

deposited by the ordinary processes of sedimentation and later consoli-

dated into the usual types of fossiliferous limestones. These furnish,

in the earlier stages at least, ideal porous conditions and are quoted by

practically all writers on. artesian flows as favorable for water penetra-

tion.

After a close examination of slides of these fossil beds (Plates IX,

XVI), it cannot be doubted that for a time at least these layers must

have been extremely free runways for penetrating surface waters. Arte-

sian reservoirs exist in rocks like the coarsely crystalline limestones, far

less favorable than either sandstone or fossiliferous limestone, and there-

fore it would appear to the writer that the complete porosity of these

layers can hardly be disputefl.

IMPERVIOUS LAYERS

Impervious contacts were found, separating two strata of different

textures and degrees of porosity.

As has already been pointed out (page 138), where two porous layers
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of different density occur together, there seems to be a natural tendency

for either mechanical or chemical filling to take place, beginning along

the line of contact and extending a short distance into the finer-textured

stratum, thus protecting the latter from further penetration by the solu-

tions contained in the coarser layer as effectually as though the finer layer

had been impervious in the first place. This is well shown in various

specimens of cavernous consolidation (Plate XI), in whicli iri)n solutions

penetrated the finer sand for a short distance, filling the pore spaces so

completely that part of the inclosed sand remained not only uncoated

with iron, but even unconsolidated.

MARINE ARTESIAN SLOPES

Marine artesian slopes are among the common sources of artesian water

supply to-day. Strata of alternating sand and mud, often many times

repeated, are among the commonest types of in-shore deposits, and these

sedimentary layers as originally deposited have an initial dip. Further-

more, the coarser and more porous layers as they extend into deeper

waters tend to change their textures from coarse to fine and their contents

eventually from sand to mud or ooze. These conditions result iii a nat-

ural catch basin for penetrating water that cannot be improved upon for

the establishment of good artesian conditions.

The Clinton beds comprised alternating impervious and porous layers,

forming the marine slopes of the epicontinental shelf of that period, a

condition in all respects favorable for the retention of artesian waters

after uplift. These runways probably were brought to an end downward

by a change of texture and material from porous to impervious deposits

seaward
; but even if such a sealing of the porous medium did not occur,

it is highly probable that in a comparatively short time precipitation

would cause a filling of the voids at the lower end of the runways and

accomplish the same results as a change of texture.

INFILTRATION OF METEORIC WATER

That conditions favorable to the easy penetration and retention of

ground or surface waters could exist, therefore, seems clear; and that

penetration of such water in these channels took place is equally well

indicated by field study and the microscopic examination of slides from

Clinton seams. This is shown bv the evident and v.'idespread corrosion

of the nuclei of calcite (Plates IX, XVI), and even quartz in some cases

(Plates XX, XXT), that form so large a part of these, deposits. If we
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admit that these fragments and grains are corroded, we must also admit

that solvent waters were present at some time in these artesian runways.

We are not dependent, however, upon this one bit of evidence. The

penetration of iron for short distances into slightly porous contact layers,

with a progressive thinning out of the iron (Plate XX, fig. 3), until

within a short distance from the line of (Toi^tact penetration and precipi-

tation altogether ceased
;
the filling of the seams caused by cross-bedding,

mudcracks (Plate XVIII), sand streaks in the shale, fractures and places

of weakness, all point to precipitation from penetrating solutions. Cav-

ernous consolidation in loose sand layers (Plates XI, XII, XIII), filling

of corrosion embayments in nuclei (Plates XVI, XX, XXI), widespread

replacement in all stages of completeness of calcite and in some cases of

quartz by iron, and the secondary calcite, iron and to some extent silica

cementation of the iron-coated fragments, all add to the certainty of the

filling of these retaining layers or catch basins with artesian waters.

Thus we must conclude that all the factors necessary for complete
artesian conditions existed in the Clinton strata; that much evidence has

been adduced that these natural artesian runways were well filled with

ferruginous solutions, and finally that these solutions were responsible

for the present mineral content of the ore seams.

Ore Conditions Besulting from Aetesian Slopes

DEPTH of deposits

The only downward limit under this theory would be the limit of the

artesian flow. As artesian wells have been sunk in some cases to more

than 4,000 feet, and as artesian conditions would seem to be as perfect in

the Clinton strata as could be expected anywhere, it appears to the writer

at least that the only limit of ore deposition would be the seaward ex-

tremity of the porous strata, and that this limit might well be expected

in many places to extend to at least as great depths as any artesian well

known at the present time.

That borings in Birmingham. Alabanui, have demonstrated the exist-

ence of good ore at 1,902 feet would appear to bear out the writei-'s con-

tention that the iron content of the seams should extend to great depths

with little or no change in richness within the hard-ore limits and that

this condition would be found wherever the proper artesian factors along

the marine slopes existed. In Holt County, Missouri, a borehole 1,885

feet showed good ore at that depth and favorable artesian conditions be-

cause of the impervious overlying and underlying beds (66, p. 148).
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EXTENT OF DEPOSITS DOWN THE DIP

Some artesian flows are found to extend for more than a hundred miles

from the outcrop, and flows tapped scores of miles from the intake are

not uncommon. If we admit that artesian conditions are responsible for

the existence of these ore deposits, then we must recognize that the limit

of artesian layers alone will determine the distance along the dip to

which these deposits can be expected to extend. As one fairly good ex-

ample, the case noted by Newland (234, p. 51) might be cited:

"The recent exploration with tlie diamond drill has shown that there is no

notable change of character on the dip for distances of five or six miles from
the outcrop. Deep borings made some years since at Syracuse and Chittenango
found hematite below 600 feet, showing it to be of normal composition."

WIDE DISTRIBUTION OF DEPOSITS

Conditions that caused the formation of artesian runways, and later con-

ditions that brought about periods of heavy rainfall and rapid weathering
sufficient to produce the iron-bearing solutions that penetrated and filled

with iron ore these artesian runways or reservoirs, were so widespread
and extensive that no merely local results could follow, but rather the

development of a series of artesian slopes such as we find along the whole

Silurian shoreline, well filled with ferruginous material.

OCCURRENCE OF OOLITIC AND FOSSIL ORES

Whether the porous layers were limestone or sandstone would not affect

the question of genesis in any way, under this theory. Sandstone strata

might produce oolitic hematite, while fossiliferous limestone might pro-

duce the characteristic fossil ore, and still both types were dependent

upon similar artesian runways and penetrating iron-bearing solutions.

VARIATIONS IN CHEMICAL COMPOSITION

As these Clinton ores extend nearly two thousand miles along the out-

crops, and as the old land areas varied in composition, in some places

containing acid rocks and in others basic with different mineral con-

stituents, a difference in chemical composition of the ores might be ex-

pected. The fact, also, that the porous layers differed to some extent,

some possibly having a primary silica cement, others a calcareous cement,
and still others having no cement whatever, these and other minor varia-

tions in the original deposits would lead one to expect just such variations

in composition as we find in ore beds to-day. It would, therefore, still



152 ANNALS NKW YORK ACADEMY OP SCIENCES

I'urtlier tend to strengthen the artesian theory that such variations in

mineral content exist.

VARIATIONS I\ TEXTURE

Variations in texture wouhl l)i' inevitable, exactly as they occur to-day

in any series of marine shore deposits, ajid the texture of the different

ore seams varies as would he expected, seams of fine ore and seams of

coarse in the same localities being found, and also variations within the

same seams.

VAUIA'nON.S IN RICHNESS

Artesian conditions would also account to a large extent for the varia-

tions in richness of the Clinton ores of different localities and for varia-

tions within the same seam. Differences in temperature, pressure, rate

of flow and size, shape and composition of the grains of sand within the

porous layers would all influence the degree of richness of the ore, as

would variations in the nature of the cement.

Artesian replacement, therefore, would account satisfactorily for de])th,

extent along the dip and wide distribution of the ore deposits. It would

apply equally well to the fossil ores or to the oolitic hematites, aiul it

would satisfactorily explain the variations in composition, texture and

richness.

On the other hand, the absence of artesian conditions would account

for a deficiency or total absence of iron in limestone or sandstone strata

otherwise favorably located. In Niagara Gorge, where the Clinton strata

are well exposed, no ore seams outcrop. Otherwise, unaccountable breaks

in the continuity of the ore deposits could easily be explained by a failure

of the strata to provide good artesian runways or catch basins for the

iron-bearing solutions.

AiiTKsiAN Replacement Tiiixiuy as Applied to Other Hoi;izons

It is not likely that conditions favorable for the accumulation of iron

ore in the porous strata of artesian runways will hi' fouiul in any other

geological horizon on such an extensive scale as those of the Clinton.

The peculiarly favorable conditions resulting from tlu' rapidly changing
textures of sedimentary beds deposited in the Silurian Sea, and the periods
of cnistal movements, heavy precipitation and rapid weathering which

followed, furnished a most renuirkablc combiiuition of factors requisite

for the formation of great luunbers of artesian runways, with ample op-

portunity for subsequent filling. It is to be expected, however, that

artesian conditions will be found in manv horizons of marine strata at
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widely different ages. If these artesian runways have been so situated

that mineral-bearing solutions could penetrate their porous layers, there

is no reason why deposits similar to those of the Clinton age should not

be formed.

The exact stratigraphic position of several of the so-called Clinton

beds is uncertain, and when the fossil content of these beds has been

worked out, some changes may be expected in their stratigraphic posi-

tion. The geologic position of some of the interbedded hematites and

magnetites of Nova Scotia, which by some have been classed as Clinton,

is still in doubt.

The writer has used the tenn Clinton more to characterize a type of

deposit than the ore from a definite geologic horizon, and it is probable
that several beds referred to as of Clinton are not of Clinton age. It is

certain, however, that all the occurrences treated in this paper are well

within the Paleozoic.

DEPOSITS OF WABANA, BELLE ISLE, NEWFOUNDLAND

The Wabana deposits of Newfoundland would appear to meet the

requirements of the artesian theory fully as well as the beds already
referred to under the Clinton. The porous layers now represented by
the ore beds, the impervious or less porous adjoining layers giving good
artesian runways, the marine slope giving the proper inclination to the

beds and the necessary limit of the porous layers by marine slope methods,
and finally the great depth and continued richness of the deposits, all

point toward artesian replacement,

DEPOSITS OF THE MIRA VALLEY, CAPE BRETON, N. 8.

The Cambrian ores of the Mira Valley, Cape Breton, also haVe the

necessary factors of artesian ore deposits. The iron ores occur in lime-

stones and quartzites as the porous layers with slates interstratified, thus

giving the same general conditions as were noted in the usual type of

Clinton deposit.

Study of other deposits indicates that although this theory is more ex-

tensively applicable to the Clinton ores, it is equally applicable to similar

beds of iron ore in other horizons and may be found useful in working
out the origin not only of other iron ores but other minerals as well.

General Summary and Conclusions

The advocates of the sedimentary theory, although advancing many
plausible arguments in favor of their ideas of origin of the Clinton ores,



154 ANNALS NEW YORK ACADEMY OF SCIENCES

yet depend upon a condition of ore deposition unknown at any other

time, the direct precipitation of iron ores in sea-water. Posepny says

(273, p. 131)

"In short, a number of investigators have adopted the hypothesis of an

original deposition from the ocean without giving any other reason than the

observed relations of stratification. Yet, in a considerable experience with

ore-deposits in marine limestones, I have never, been able to find genuine ore-

beds among them, but always only ores of subsequent introduction ; so that I

feel warranted in believing that such beds proper do not exist."

They recognize many factors that are difficult to explain under tlieir

hypothesis. Many conditions are found that cannot be accounted for

under this theory. Moreover, the principal points, in favor of the sedi-

mentary theory apply equally well to the Artesian Replacement Theory.
The field conditions, hard to account for under the sedimentary hy-

pothesis, are expectable under the latter theory. Instead of relying upon
conditions unkno'WTi before or since, the writer bases his deductions only

Tipon well recognized conditions that are known to have been in operation

during many geological periods.

The writer has therefore come to the following conclusions in regard

"to the origin of most of the Paleozoic interbedded iron-ore deposits :

1) The Clinton strata were favorable for the deep penetration of sur-

face water along well defined runways of porous rock, protected top and

bottom by impervious strata.

2) Iron-bearing solutions actually did penetrate these artesian slopes

and were to a large extent responsible for the deposition of the Clinton

hematites and other interbedded iron-ore deposits.

3) The strata were evidently marine but chiefly of a near-shore t\^e,

as shown by shallow-water conditions such as the accumulation of large

deposits of fossil fragments, evidently broken to pieces by the action of

shore waves and ocean currents.

4) Corals were found in sufficient number to indicate that conditions

necessary for successful growth of the polyp, such as mild climate, shallow

water, open sea and a lack of much fresh Avater, must have existed.

As the beds were marine, shore or near shore deposits, they must have

been formed with a gentle seaward dip.

The Silurian Sea producorl all of tlio conrlitions necessary for artesian

slopes.

After these strata were formed, elevation took place, so that the out-

crops were above the sea and the porous layers were then in a position to

receive surface water. Then came a period, or possibly several periods,

of considerable precipitation and abundant weathering; large volumes of
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iron-bearing waters, deriving the necessary solutions from the old grani-

toid and schistose rocks, found their way down these natural runways.

The water probably contained considerable carbon dioxide (CO2) and

thus, because of its own nature, aided by increasing pressures and tem-

peratures, became an active solvent, until it reached the saturation point;

it then became a depositional agent and began to deposit. The iron salts

were probably the first ingredients to be given up; then followed other

constituents, such as secondary calcite and silica which form a prominent

part of the final deposits.

The solid particles which were not entirely dissolved from the original

constituents of the porous layers, and which included in many cases large

numbers of quartz grains, became centers for the segregation of iron.

These quartz grains were therefore first corroded to a varying extent and

then protected from further corrosion by layers of iron and in some cases

secondary silica. Finally, the remaining pore space was filled in by sec-

ondary calcite, sometimes mixed with iron. In a large number of cases,

the iron replaced both calcite and quartz. This is well shown where the

iron has worked its way into microscopic cracks and gradually clouded

the quartz and other nuclei and in many cases actually replaced it.

The artesian contacts are fairly clean, as would be expected, the shales

and clays furnishing the cleanest of the contacts except those forming

along fractures. Where such breaks occur in the inclosing layers, they

are filled with streaks of iron ore. The iron appears to follow fractures

and other such planes of weakness as lamination or stratification planes.

Iron also fills mud cracks and other holes and porous places left in the

shales and other contact layers.

"Where iron has penetrated a short distance into the inclosing layers, it

appears as though much pressure had been exerted upon the solutions.

Depth, extent along the dip, wide distribution, differences in composi-

tion, texture and richness, all can be accounted for under this theory
without the necessity of appealing to special conditions, unique for this

particular period. Under the artesian theory, deposits were probably
made with the usual deliberateness characteristic of natural processes of

deposition. It is entirely posssible that the time consumed in the com-

plete filling of these artesian runways with ore was many times longer
than. the time taken for the deposition of the sediments that composed
the original Clinton layers.

Finally, imder the Artesian Eeplacement Theory-, the genesis of the

iron ores shows an interesting similarity in many ways to that of origin

of the Lake Superior hematites and magnetites.
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Thesis

1. Secular climatic change has been an important factor in the evolu-

tion of land vertebrates and the principal known cause of their present

distribution.

2. The principal lines of migration in later geological epochs have

beeii radial from Holarctic centers of dispersal.

3. The geographic changes required to explain the present distribution

of land vertebrates are not extensive and for the most part do not affect

the permanence of the oceans as defined by the continental shelf.

4. The theories of alternations of moist and uniform with arid and

zonal climates, as elaborated by Chamberlin. are in exact accord with

the course of evolution of land vertebrates, when interpreted with due

allowance for the probable gaps in the record.
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5. The numerous hypothetical land bridges in temperate tropical and

southern regions, connecting continents now separated by deep oceans,

which have been advocated by various authors, are improbable and un-

necessary to explain geographic distribution. On the contrary, the

known facts point distinctly to a general permanency of continental out-

lines during the later epochs of geologic time, provided that due allow-

ance be made for the known or probable gaps iu our knowledge.

Introduction

alternations of elevation and climate during geological time

Several years ago,- I had the honor to give a talk upon "'Climate and

Evolution" before the Linnaean Society. The subject Avas then new to

me—it was an application to vertebrate paleontolog}' of theories in

regard to geological history which had been brought forward by Cham-

berlin a year or two previously.^ I have had these concepts more or less

in mind ever since, and though I must admit that I am far from having

the evidence in shape for final presentation, I desire to submit for gen-

eral consideration the conclusions thus far reached.

Chamberlin's theories are to-day well known and are year by year

gaining a wider acceptance. So far as they pertain to the present sub-

ject, they differ from the older prevailing concept of geological climatic

conditions chiefly in that they involve an alternation of climates through
the course of geologic time from extremes of warm, moist tropical and

uniform, to extremes of cold, arid zonal climates. The former are the

results of prolonged base-level erosion and the overflow of large conti-

nental areas by shallow seas. The latter are the results of the re-adjust-

ments needed to bring the continents once more into isostatic balance,

involving the general lifting of the continents, especially of their borders,

the expansion of the continental areas to their utmost limits and the

renewal of rapid erosion.

These alternations of conditions are marked by alternations of the

prevalent type of formation in the geological series. The uniform base-

leveling corresponds to widespread deposits of limestones and in its

waning stages Avith coal formations. The periods of uplift are marked

by thick barren formations, often red in color, by indications of arid

conditions in salt and gypsum beds and they finally culminate in great
extension of glaciers from boreal and high mountain areas.

2.Tan. 14, 1902.

^T. C. Chamberlix : .Tour. Geo!., vols, v-vlli. 1897-1901.
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Chaniberlin's text book of geology may be consulted, (or tlie more exact
and extended exposition of these theories. The present purpose is to in-

dicate their applicntion to the pvolution of Innd vertebrates.

PERMANENCY OF THE OCEAN BASINS

In the first place, we may note tliat tliey depend as a fundamental
basis on the general permanency of the great ocean basins. The conti-

FiG. 1.—Zoological regions on north polar projection

The areas within the continental shelf (100-fathom line) are left unshaded. This map
represents the true relations of land and water in the northern heinispliere far more
correctly than does the usual Mercator projection. The unity of Arctogiva and tlio direct
relation is obvious between the various degrees of isolation of the southern continents
and of peculiarity of their fauna>.

nents have been alternately partly overflowed, separated and insular, or

raised to their greatest extent and united largely into a single mass. The

great ocean basins have in the main been perm;inout. Tliis principle is
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dependent upon the known facts in regard to isostasy. The rocks under-

lying the oceans are heavier than those underlying the continents, as is

proved by the deficiency of gravity measurements in the continents as

compared with those in oceanic areas, the deficiency being most marked

in certain, mostly high-lying parts of the continents. The conclusion

appears unavoidable that in a broad way the present distribution of land

and shallow water on the one hand, of deep water on the other, has been

substantially unchanged.'* Changes in past geography have been of two

kinds :

1) The coutinents have been alternately partly overflowed and then have

emerged to the limits of the continental shelf.

2) Certain lines of unstable conditions have been subject to folding and

crumpling, accompanied with great changes of level.

DISTRIEUTIOK OF LAND AND "WATER, PRESENT AND PAST

The present distribution of land and water shows the great land masses

located mostly in the northern hemisphere.^ The land areas, extended

to the borders of the continental shelf, form a single great irregular mass

with three great projections, South America, Africa and Australasia,

radiating out from it into the southern hemisphere. A rise of 600 feet

would unite all the land into a single mass." Only New Zealand, Mada-

gascar, the Antilles and numerous small oceanic islands would remain

separate. The East Indian islands would be part of the main land. A
lowering of 600 feet would isolate North America, South America, Asia,

Africa and Australia as separate insular continents. Europe would

form a complex of islands and peninsulas much like the East Indies of

to-day.

According to the present theory, we have recently passed through an

epoch of maximum continental extension and zonal climate culminating
in the Glacial age, marked by great aridity in the equatorial zones, by
cold and glaciation towards the poles and in high mountain regions. A
much earlier extreme of aridity and glaciation is seen in the Permian,"
and less marked extremes at the end of the Trias and at the besrinnino-

and end of the Cretaceous. The alternate extremes of warm moist and

<lu this connection, tiowever, the suggestion of Bailey Willis that the present isostatic

compensation may be unusually complete must be borne in mind.
' It should be observed that the Antarctic continent, according to the latest data avail-

able, equals or exceeds any of the other continents in bulk of emerged land : but it is sur-
rounded by deep oceans of vast extent.

« Australia forms a doubtful exception. The soundings in the Indo-Australasian
region are insufficient to determine with certainty whether or not there is any continu-
ous bridge within the 100-fathom line.

'The earlier Paleozoic extremes of aridity—Cambrian and Devonian—do not come
within the scope of this discussion.
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uniform climates are seen in the early Carboniferous, in the Jurassic,

mid-Cretaceous and Eocene. Now the base-leveling and overflow con-

ditions are obviously favorable to the expansion and groT\i:h of marine

life, especially of the littoral and shallow seas. The conditions of com-

plete emergence of the continents and restriction of the littoral life to

the steep and narrow border of the continental shelf will be unfavorable

and will tend to what Chamberlin calls restrictive evolntion of faunas.

Fig. 2.—The southern continents, south polar projection

Ocean depths of 100-1000, 1000-2000, and over 2000 fathoms indicated by progressive

shading. Less than 100 fathoms unshaded. The sicep margins of the continental shelf

are indicated by hachures. The isolation of the southern continents is in contrast to

the unity of the northern hind areas.

Conversely on land, the great emergence of the continents will tend to

expansional evolution and cosmopolitan faunas, while their partial over-

flow and isolation will tend to the restriction of land migration and the

development of provincial faunae.

EFFECTS OF ALTEIINATIONS OF ELEVATION AND CLIMATE UPON EVOLUTION

OF TERRESTRIAL FAUNAS

Associated with the isolated continents, we have moist tropical uni-

form conditions of climate, and to this the provincial land fauna? of
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these periods will be especially adapted. The periods of continental

emergence were periods of arid and markedly zonal climate, and the

fauna9 must adapt themselves to these

while favoring the spread and wide dis-

tribntio]! of races, would l)e unfavora-

ble to abundance of life and the ease

with which animals could obtain a liv-

ing. The animals subjected to them

must mamtain themselves against the

inclemency of nature, the scarcity of

food, the variations of temperature, as

well as against the competition of rivals

and the attacks of enemies. In the

moist tropical climatic phase, animals

would find food abundant and tempera-

ture relatively constant; but the larger

percentage of carbonic acid and prob-

ably smaller percentage of oxygen in

the atmosphere during those phases

would tend to sluggishness.

We should expect, therefore, to find

in the land life adapted to the arid cli-

matic phase a greater activity and

higher development of life, special

adaptations to resist violent changes in

temperature and specializations fitting

them to the open grassy plains and des-

ert life. In the moist tropical phase of

land life, we should expect to find

adaptations to abundant food, to rela-

tively sluggish life and to the great ex-

panse of swamp and forest vegetation

that should characterize such a phase
of climate.

The oncoming cold and arid condi-

tions should appear first at the poles

and spread towards the temperate and

tropical regions. Owing to the distri-

bution of the great land masses, this

would involve a general tendency for

the great migrations resulting from the

conditions. Such conditions.
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emergence oi' the coiitiiu'iits to be outward iroiu tlie two great northerly

masses, and especially i'rom Asia. The tropical and southern continents

would be the refuge of the less adaptable and progressive types.

This phase of climate should, therefore, favor a liigher development
and greater activity of land life, while the geographic conditions favor

cosmopolitan faunae. When the climatic pendulum began to reverse its

swing, the continents became isolated and fheir fauna.^ developed inde-

pendently; but the dominant animals of these fauna? wlien first isolated

would be those previously develoi)ed during the arid phase, and these

would readapt themselves to the new conditions of moist and uniform

climate, of prevalent forest and swamp and of abundant food.

COMPARISON WITH TllK I'AI.EONTOLOGKAL UKCOIM)

How far do these a priori deductions correspond with the facts, as

obtained from the geological record ? Tn the first place, we should keep
in mind that our record of the land life of the emergence phases is very

defective. The sediments of this phase, where deposited along the con-

tinental margins, are limited in area, thick and very barren, the condi-

tions of their deposition being generally unfavorable to the preservation

of fossils. The sediments of the interior of the continents, river and

floodplain deposits of the Cenozoic era are more widespread and furnish

an extensive record of Tertiary and Quaternary land life; but those of

the preceding periods of aridity have been re-eroded and carried down

to the marginal and littoral areas during the period that has elapsed

since they were first deposited. Of the pre-Tertiary epicontinental de-

posits, only the coast margin, littoral and marine deposits are extensively

preserved. That means that the record of Mesozoic and Paleozoic land

life as preserved to us is chiefly the record of the coast-swamp and low-

land regions and that we know nothing of the life of the upland, except

by a rare accidental preservation. Tu considering the evidences of cli-

matic adaptation during the Mesozoic, this must be kept clearly in mind.

The great mass of evidence in favor of adaptation to jn-ogressively

arid climate and of dispersal from the northei-ii land regions is derived

from the recorded history of the Mammalia during the Tertiary and

Quaternary and from comparison of their former and present geographi-
cal distribution. It has long been recognized that the present distribu-

tion of mammals is due chiefly to migration from the great northern

land mass, and the connection of this southward march with progressive

refrigeration in the polar regions was made more than a century ago
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(1778) by Buffon.*^ AVitli a clearer perspective of geologic time and far

more exact records, it is clear that most of this deployment and dispersal

of the mammalian races has taken place since the Eocene epoch of the

Tertiary, altliough remnants of an older dispersal on the same lines are

probably traceable in the present habitat of monotremes, marsupials and

primitive insectivores.

INTEEPllETATION OF SUPPOSED EXCEPTIONS

There has been a disposition in recent years among students of geo-

graphical distribution to lay weight upon certain apparent exceptions to

this general rule, where the geological record has not yet afforded evi-

dence to support the northerly origin of certain groups now limited to

the southern continents or to the tropics and to infer various equatorial

or southern continental connections during or previous to the Tertiar\%

in order to account for these exceptions." To these hypotheses, there are

several objections :

1) The evidence for the general permanence of the great ocean basins and

tlieir maintenance formerly, as now, by isostatic balance is very strong and

direct, and before allowing any exceptions, we should be very sure that no

other explanation will serve.

2) The instances adduced in favor of former equatorial or southern con-

nections are distinctly "exceptional cases in the faunte, which may, in all the

cases I have examined, be accounted for by appealing to the imperfection of

the geologic record, by parallelism or by the rare accidents of over-sea trans-

portation,

3) The existence of such land bridges would present the opportunity for

migration of other parts or of the whole of certain faunte, which has evidently
not occurred. I can see no good reason wh^ the only animals which availed

themselves of such continental bridges should be the ones which might be

accounted for in other ways, while those which would furnish conclusive proof
are invariably absent.

^ See K. V. Zittel, History of Geology and I'ahvontology, p. 43. for a brief summary of

Bnffon's views on tliis subject. The tlieory has been more fully presented by many sub-

sequent writers. Tn recent years, it has been very ably set forth in its relations to

Tertiary mammalia by Dr. J. L. Wortman (Amer. Jour. Sci.. 190.3). A very readable
little pamphlet by G. Hilton Scribner. entitled "Where Did Life Begin". 1884. while

totally deficient in geological perspective, sets forth very clearly the diverse effect upon
migration of the general trend of the great mountain system, north and south in the
New World, east and west in the Old. Alfred Russell Wallace is. I believe, usually
regarded as the foremost exponent of this theory on the distributional side: but it is

scarcely necessary to catalogue the principal exponents of a view so long and so gen-
erally held.

^ The distinguished Argentine paleontologist. Florentino Ameghino, has for twenty
years past advocated a theory the direct opposite to that currently held, and he would
derive practically all groups of mannualia from a South American center of disi)ersal.
The evidence foi' and objections to this theory will he discussed in the sequel.
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4) Many students of 5j;cogi-ai»liic disLi-ibuLiun i)iiHced on what apiicar to me
to be wholly false premises. They assume that the habitat of the most primi-

tive living member of a race is the original habitat of the race, the most ad-

vanced forms inhal)iting the limit of its migration. It seems to me that we
sliould assume directly the reverse of this.

riMNCIPLES OF DISPERSAL

Whatever agencies niay be assigned as the cause of evolulioji of a race,

it sliould be at first most progressive at its point of original dispersal,

and it will continue this progress at that point in response to whatever

stimulus originally caused it and spread out in successive waves of

migration, each wave a stage higher than the previous one. At any one

time, therefore, the most advanced stages should be nearest the center

of dispersal, the most conservative stages farthest from it. It is not in

Australia that we should look for the ancestry of man, but in Asia.

In the same way, in considering the evidence from extinct species as

to the center of dispersal of a race, it has frerpiently been assumed that

the region where the most primitive member of a race has been found

should be regarded as the source of the race, although in some instances

more advanced species of the same race were living at the same time in

other regions. The discovery of very primitive sirenians in Egypt while

at the same time mucli more advanced sirenians were living in Europe
has been regarded as evidence that Africa was the center of dispersal of

this order. It is to my mind good evidence that it was not. It is very

common to see references to the African facies of the Miocene or Pliocene

mammals of Europe ;
but it is much more correct to say that the modern

African fauna is of Tertiary aspect and is in large part the late Tertiary

fauna of the northern world, driven southward by climatic change and

the competition of higher types.

The chief arguments advanced in support of the method here criticized

appear to be that the modification of a race is due to the changes in its

environment and that the primitive species are altered more and more

as they spread out or migrate into a new environment; but, assuming
that a species is the product of its environment, tlio conclusions drawn

would only hold true if the environment remaiiied constant. This is

assuredly not the case, and if it were there would be no cause left for

the species to change its range. In fact, it is the environment itself,

biotic as well as physical, that migrates, and the primitive species are •

those which have followed it, while those which remained have had to

adapt themselves to a new environment and become altered thereby.

Probably, it is never the case thai the cnvironmoit of the marginal
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species is an absolute replica of the older environment of the race. In

many cases, it must be profoundly modified by its invasion of new regions,

and there are many features in the evolution of a race which appear to

be only partly, if at all, dependent on environmental change. But to

assume that the present habitat of the most generalized members of a

group, or the region where it is now most abundant, is the center from

which its migrations took place in former times appears to me wholly

illogical and, if applied to the higher animals as it has been to fishes

and invertebrates, it would lead to results absolutely at variance with

the known facts of the geologic record.

EEVIEW OP THE EVOLUTION OF VERTEBRATE LIFE

To my mind, this hypothesis of the evolution of land life in adaptation

to recurrent periods of aridity supplies a satisfactory background of

cause for the whole evolution of the higher vertebrates.

We may set aside earlier periods of aridity and continental extension

signalized by the development of invertebrate land types, whose early

terrestrial adaptation is wholly hypothetical, since the kno^vTi portion of

their history is so small and so remote from their origin that we cannot

project it backwards with any sort of exactness. As Barrell has pointed

out, the arid period of the late Devonian coincides with the probable time

of the first adaptation of vertebrates to terrestrial life. In the arid period

of the Permian, we see the conditions more clearly prevalent which

favored a much more extensive development of land life, and this period

marks the rise and early differentiation of the Eeptilia. That reptiles

first differentiated from amphibia as a dry-land adaptation seems to be

obvious; that the period of their rise corresponded with the greatest ex-

treme of aridity, continental emergence and glaciation between Cambrian

and Quaternary would, I think, be also generally admitted. The domi-

nant order of land reptiles up to the close of the Mesozoic was the dino-

saurs, preeminently a dry-land adaptation in their inception, since their

most marked characteristic lies in their long limbs, bipedal progression

and general parallelism in proportions and structure to the large ground-
birds of modern times, which are to-day peculiarly inhabitants of arid

regions. The relationship and origin of the more specialized, mostly

gigantic, dinosaurs of the later Mesozoic can be best explained by regard-

ing them as a succession of derivatives from smaller and more lightly

constructed upland dinosaurs, mostly unknown to us, the larger and more

specialized types being re-adapted to a swamp life and inhabiting the

coast marshes whose sediments are still preserved, while the more direct
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liiu' ol' diiiuf^auriaii r\(jliitiuii inliabitcd the ii])laiids, where the sediments,

if sucli were deposited, have long since been removed by erosion,, and the

raiiiia is consequently unknown to us, except by inference. It is quite

impossible to trace the evolution of the dinosaurian phyla through the

same nearly direct series of known forms as can be done in tlie ])hy]a of

Tertiary mammals. But I may observe that if our knowledge of the Ter-

tiary sediments were limited to the coastal 'swamp deposits,
— if in this

country, for instance, we knew only the Tertiary of the Atlantic and

Gulf coasts,
—we would be equally at a loss for any direct ancestral series

illustrating the evolution of the Mammalia.

The same explanation, namely, that the geological recorcl in the Meso-

zoic is defective where its evidence would be most direct as to the evolu-

tion of land vertebrates, applies both to birds and to mammals, but espe-

cially to the former. The exceeding scantiness of fossil birds and mam-
mals during the Mesozoic and their apparently sudden appearance in the

record, already well deployed, is often explained by supposing them to

have evolved mainly in some continent not yet investigated. It appears

to me that a simpler and more pi'obable explanation lies in the fact that

the formations of the interior of the Mesozoic continents have in general

not been preserved and that this facies of the Mesozoic faunae is conse-

quently unknown to us.

It may be objected that remains of dry-land animals would be brought

down by rivers and deposited in their deltas and thus preserved to our

day. This may, of course, occur in exceptional cases. How rare is the

exception, we may judge from the exceeding rarity of remains of land

animals in true marine deposits, where the chances for their preservation

should be almost equally great.

Ill marked contrast with the evolutionary record among dinosaurs,

stands the record of development of the noir-marine crocodiles and che-

lonians, whose normal habitat was the swamp regions and whose more

direct evolution is in consequence recorded since the Mesozoic. Remain-

ing in a constant environment, they evolved but little, though their abun-

dance and geographical distribution varied.

Throughout all the evolutionary history of the vertebrates, we see

numerous examples of races which, having become adapted to a higher

])lane of life, have re-invaded a lower plane. In each instance, the higher

organization and greater activity acquired in the higher plane have caused

them to become dominant, increase rapidly in size and spread widely in

the absence of efficient competition. Thus we find various groups of ma-

rine reptiles appearing with apparent suddenness in the Mesozoic, becom-

ing very abundant and of gigantic size, spreading very widely and then
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being replaced by new invasions from the land instead of evolving further

in their new habitat. The ichthyosaurs, plesiosaurs, mosasaurs, sea-

crocodiles, sea-turtles, are examples of this sort among reptiles ;
the ceta-

ceans and seals among mammals. These invasions from a higher to a

lower plane of active life have been very frequent, so that their recogni-

tion is necessary in tracing evolutionary series. The converse movement

from a lower to a higher plane, as from aquatic to amphibious, from

amphibious to terrestrial, from terrestrial to arboreal or aerial, have been

slow, difficult and for the most part have occurred but once or twice in

the geological history of vertebrate life. The higher field once occupied,

the lower adaptation was handicapped in its attempts to rise.

Imperfection of the Geological Kecokd

Everyone is familiar with Darwin's classic illustration of the imper-

fection of tlie geological record ;^*^ but I doubt whether the majority of

paleontologists realize how very imperfect our record is, even to-day. We
know more about fossil mammals in' proportion to their modern numbers

than about any other of the larger groups of land animals
; yet the num-

ber of species of which we have any adequate knowledge is but a minute

fraction of the number which must have lived since the class first came

into existence. AVere it not so, the fossil species would vastly outnumber

the living forms; as it is, they form a small minority. Moreover, the

greater number of recorded fossil species are hardly more than nomina

nuda, each known from a single fragToentary jaw, a tooth, a scale, a

broken bone, indicating indeed that an animal otherwise unknown lived

at a certain time in a certain locality but giving very little information

as to its entire structure, its habits, its geographical and geological range.
The relationships of these imperfectly known species, provisionally stated

by the describers and adopted without the query by sul)sequent writers,

are one of the most fertile sources of error in paleontological theories.

Mammals undoubtedly existed during the entire Mesozoic, an era about

three times as long as the Cenozoic. Two thirds of their evolution must
have taken place during that time; and by the end of it, the principal
modern orders were already defined. But we have not a skeleton, or even

a skull of a single Mesozoic mammal.^^ Two jaws and a few teeth from
the Triassic, a number of more or less fragmentary jaws from tbe upper
Jurassic and various teeth and fragments of jaws from tlie uppermost
Cretaceous represent the sum total of our real knowledge of the first two

» In the Origin of Species, at the end of Chapter X.
11

Setting; aside Tritylodon as of doubtful affinities.
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tliirds of the evolutionary history of the Mammalia. The rest is theory

and hypothesis.

Assuredly, we have no right to assume that the few species which have

been founded upon these fossil remains represent at all adequately the

number and variety of mammals that lived during the Mesozoic; nor can

we even suppose that they fairly represent them. Only two^- of the

numerous phyla of early Tertiary mammals can be at all directly derived

from known Mesozoic ancestors. The rest are descended from unknown

forms. We may suppose, from the evidence at hand, that the known

Jurassic and Cretaceous mammals were arboreal swamp-<lwellers and that

the chief reason why wc know so little of the Mesozoic mammals is that

the deposits of the upland regions where they chiefly lived have not been

conserved to our day, or at all events have not been recognized and suffi-

ciently explored for fossils.

In the Tertiary, mammals suddenly spring into (apparent) promi-

nence, mainly, it may be assumed, because the fluviatile and eolian forma-

tions of the Cenozoic still exist in many localities, although they are being

rapidly eroded and carried down to the coastal swamp and sea margin
areas of deposition. Epicontinental deposits of Eocene age are rare and

scattered, and our knowledge of Eocene mammals is obtained from only

a few localities and largely from fragmentary specimens. Through the

following Tertiary epochs, these deposits become progressively more ex-

tensive and abundant, and our knowledge of fossil mammals is corre-

spondingly greater. Finally, in the Quaternary, they form a mantle over

most of the earth's surface, and the fossil mammals are so well known

and so many specimens from so many localities have l)een found that we

can get a fairly accurate idea as to the range of many species, not merely

as discQvered in one or another continent, but as to wliat parts of that

continent they inhabited.

If our knowledge of fossil mammals is incomplete, that of fossil birds

is very much more fragmentary. They probably came into existence at

about the same time as mannnals, l)ut the early stages of their evolution

are even more obscure, and comparison of the living members of the class

affords less evidence than with mammals as to their source and course of

progress. They are even rarer than mammals in tlie Mesozoic. Two
skeletons and a feather from the Jurassic of Bavaria, a number of skele-

tons and fragments from the late Cretaceous of Kansas and a few frag-

ments of the skeleton from Cretaceous formations in New Jersey and

Europe,
—these are all we know of a class Avhicli was prnliaMy very large

^- Plagiaulacidse and Dldelphyidae.
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•and varied during the Mesozoic. Our knowledge of Tertiary and Quater-

nary birds is much more extensive, but it bears no comparison to our ac-

quaintance with Tertiary mammals, and the materials on which it is

based are for the most part very fragmentary, their identification often

questionable. We may say, however, that Mesozoic birds' are more com-

pletely kno-\vn than Mesozoic mammals
;
that is to say, we know the entire

skeleton of two or three, and in consequence can estimate their affinities

more certainly and exactly. On the contrary, the fragmentary remains

of Cenozoic birds make our estimates of their affinities proportionately

uncertain and inexact.

The Eeptilia are a more ancient class than either birds or mammals
and include the ancestral types of both. Our knowledge of fossil reptiles,

in comparison with their probable numbers and variety, past and present,

is much less than with mammals, more than with birds. We cannot, as

with Tertiary mammals, reconstruct approximate evolutionary phyla of

the several races from kno^vn fossil forms
; yet the evidence is sufficient to

give a reasonable basis for inferential phyla of some degree of exactitude

among many of the Mesozoic and Tertiary reptiles. But the origin of

the Eeptilia, like that of the Mammalia, is wrapped in obscurity, and the

interrelationship of the more ancient groups is a puzzle not yet solved.

We have a fairly extensive acquaintance with the Eeptilia of certain

habitats at certain epochs; but there were evidently long intervening

periods and important faunal facies of which we know nothing or next

to nothing.

The Amphibia are not a very important group at present and are al-

most unknown as fossils, except for the so-called armored amphibians or

Stegocephalia, whose relations to the modern frogs, toads and salamanders

are still far from clear. This ancient group was abundant and varied in

Carboniferous, Permian and Triassic times and is supposed to have given
rise to the Eeptilia; but the relationship has not been satisfactorily dem-

onstrated by fossils, nor is there direct evidence of the interrelationship
of the several groups of stegocephalians.

A wide gap separates the oldest four-footed vertebrates from any known

fishes, living or extinct.

Zoological Eegions, Past and Present

The zoological divisions of the land surface of the earth are given by

Lydekker^^ as follows :

13 Richard Lydekker : A Geographical History of Mammals. 1896. This is a modifi-
c-atlon of the regions proposed by Selater in IS.'jS (.Tour. I'roc. Linn. Soc. vol. ii. pp. 130-
146) and aduptod by Wallace in ISTf! (Geographical Distribution of Animals).
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1. Au^^1^ali.•ln ro^ion
^

Polynesian
Hawaiian '

2. Austro-malayaii
"

?,. No()ti'o])ical

4. ]Mala.i.'asy

5. Ethi()i)ian
"

6. Oriental

7. Holarctic '

S. Sonoran "

Y .\iit<i;,';ric I{cahll

[•
Xenira'ie

> Arctoganc

The Polynesia]! and Hawaiian regions have phiyed no material part in

the evolution of nianinialian faunas and do not call for a]iy special con-

sideration here. The limits of tlie remaining regions are shown on the

accompanying map. The eight principal "regions'' are l)y no means

equally distinct, and tlieir combination into three "realms'" does not re-

move this defect. Of the five included in Arctogasa, the Sonoran is

closest, tlie Malagasy and Ethiopian farthest removed from the central

Holarctic region, if we take into account both the recent and extinct

faunae. The true relations of the several regions might perhai)S be better

represented thus:

Boreal Subregion

Nearctic Palearctic

Sonoran

Subregion

Neotropical

Region

Holarctic Region

Mediterranean

Subregion

Ethiopian

Region

Malagasy

Subregion

Oriental Region

Austro-malayan

Subregion

Australian

Region

The Holarctic region in its broader sense, including the Sonoran anti

Mediterranean subregions. is l)ounded by the tropic of Cancer, except

where (as in Asia) the dispersal of the fauna from a northci'n center has

been hindered by east and west mountain systems, or (as in America)

facilitated bv north and south mountain systems. The Sonoran sub-
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rea-ion includes most ol' the United States and northern Mexico; the

corresponding sul^region in the western lialf of the Old World is the

Mediterranean, including Europe south of the Alps and Pyrenees, part

of southwestern Asia and Africa north of the Sahara desert.

The Oriental region corresponds in the eastern part of the Old World

to the Mediterranean and Sonoran subregions, but, partly because it in-

cludes the great East Indian islands and partly because of the barrier

interposed by the Himalayan ranges, it is more clearly differentiated

from the Holarctic and may best be regarded as a region of itself.
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taiiilv less so tlian tlic N('(»ti'()|)ic;il rc«iion. Tlu' .Maliigasy subregion is

related not to tlie inodtTii Inii to the Tertiarv Ethiopian region; its sup-

posed Oriental affinities will be considered later.

The Neotropical region is connected with the ty|)ical TTolarctic through

the Sonoran, as the Ethiopian is tiirough the Mediterranean intiTme-

diates ; but the relationshii) is more remote. During the Tertiary, the

region was much more distinct than it is now.

In considering the records of past faunae of one or another of these

regions as a guide to the dispersal of different groups, it is very necessary

to remeniher that our records are oft(Mi chiefly oi- wholly from a small

part of the region, often far from t\|)ieal.

Our knowledge of i'akearctic fauna' in the early Ti-rtiary is wholly

from western Europe, an outlying, marginal part, more or less submerged
and archipelagic. Its relations to the main hody of Pahearctic land life

were probably much like those of the East Indian archipelago to the

continental portion of the Oriental region. In the later Tertiary and

Quaternary, we obtain a broader outlook on tlte Pakiearctic fauna, but

even then it is incomplete.

In the Oriental region, we know nothing of the land life of the early

Tertiary, and in the later Tertiary we know only the life of its northern

borders, close to the Pala^arc^ic region and doubtless more nearly approxi-

mating the Pala-arctic fauna then than now, as the Himalayan barrier

was less complete.

The result of these two facts will apparently be that the early Tertiary

Palaearctic fauna will appear by the record to ho less progressive than it

really was and that the Tertiary Oriental fatma will ap])ear to be more

progressive than it really was. In the Nearctic Tertiary, the record is

chiefly confined to the Western plains; we know little of the Canadian

Nearctic—presumably more progressive. In the forested regions of the

East and South, where we might expect to find primitive survivals, or on

the Pacific coast, where we might expect to see stronger Pala?arctic influ-

ence, our knowledge is very imperfect, although the few available data

are in conformity with a priori deductions.

in the Neotropical region, our chief dependence is upon tlic Argentine
fauna' which should be both the most progressive and least influenced by
Northern immigration.

In the Ethio])ian region, we have but a single glimpse of the Tertiary
land fauna, and that is derived from Egypt, where we might expect to

find a transitional fauna, combining true Ethiopian autochthones with

immigrants from Palaearctic or northwestern Oriental fauna'. But, since

the water barriers to the north of Egypt wei-c more extensive and the
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desert barrier to the south less developed in the early Tertiary than they

are to-day, we should expect that the autoehthonic element would be

dominant and that Tertiary Egypt belonged to the Ethiopian zoological

region, although modern Egypt does not.

These may serve as instances of the caution with which the geological

record must be used in attempting to estimate the position and source of

regional fauna?.

The regions here adopted are based primarily upon the present and

past distribution of mammals. Birds, reptiles, amphibinns, fresh-water

fishes and the various groups of terrestrial invertebrates are not wholly

in accord with this arrangement so far as their present distribution is

concerned. This is partly because the means and limitations of their

dispersal differ, chiefly, as I shall attempt to show, because so little is

known of their former distribution.

Former Barriers axd Bridges

The general principle of dispersal on the lines of the present continents

is open to an obvious objection. The outlines and connections of the

continents were different in former times. The relations of land and

water were not the same. In fact, if one depends upon a text-book knowl-

edge of geology he may find authority for an assured belief that they

were fundamentally and altogether different in different geologic periods.

It is necessary therefore to jjoint out that the stratigraphic no less than

the life record is a defective one, and that the really proven changes in

the .distribution of land and water are limited to those summarized on

page 175. The geotectonic hypotheses so ably and })rilliantly elaborated

by Suess,^* Haug^^ and other writers, are not facts but theories, and I

must confess to a decidedly skeptical attitude towards some of their con-

clusions. There are too many gaps in the chain of their arguments ;
too

many knoA^Ti facts with which their conclusions appear to be inconsistent.

The permanency of the continental platforms is indicated by the ab-

sence of abyssal deposits in their sedimentary succession wherever this

has been adequately studied. The platforms have been extensi\ely over-

flowed by shallow seas, but such submergences were temporary, and inter-

vening periods of uplift are indicated by gaps in the marine succession.

Where the geologic records are fragmentary, widely scattered and imper-

fectly correlated, there often is a tendency to exaggerate the extent and

permanency of such overflows, as also to assume extensi\e unknown con-

tinents to account for the existence of clastic sediments which were more

"E. SuESs : Antlitz tier Erflo. lSSS-1901.
'5 E. Haug : Traits de Geolosrie. 1012.
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probably derived frotn imsubmerged adjoining portions of the existing

continents. We are apt to assume that great displacements of strata in-

volve correspondingly great changes of level. They do not necessarily:

more proliably, in most instances, the erosion has kept pace more or less

closely with the displacement. Even where great changes of level have

occurred, thev often have been, and more often mav have been, of re-

stricted extent and compensated by opposite changes in regions imme-

diately adjoining, and most of them have had but little extensive or

permanent effect on the general configurations and relations of the conti-

nental platforms.

Tlie relative permanency of the Xorth American continent is very

clearly brought forward in Schuchert's maps.^*' Yet even here, if one

may venture a criticism on so thorough and conservative a study, there is a

certain loss of conservatism where the outlines run into territory where

the evidence is inadequate, as in the Antilles and the Arctic seas. The

imperfect data available for the South American continent appear to in-

dicate general conditions verv similar to those of its northern neighbor ;

nor does it appear that Africa and Australia were any less permanent
land platforms. Northern Eurasia appears to have been similarly perma-

nent, but across Central Europe and extending southeastwardly to the

East Indies lies a broad strip of disturbance where great changes have

occurred during later geologic time. But the extent and permanency of

the great central sea which is so frequently depicted as interposing a

broad ocean between the Holarctic and the Ethiopian and Oriental land

masses is by no means certain, especially as regards its eastward exten-

sion. I cannot find in the recorded facts proof that it afforded any more

continuously effective bar to dispersal along the lines of the present con-

tinental relations than did the middle Cretaceous overflow in North

America or the early Tertiary one in South America.

Perhaps the most widely accepted departure from the permanency of

the ocean basins is the supposed Gondwana Land, invented to account

for certain similarities in southern Paleozoic floras, and since used to

account for almost all cases of similarity among southern florae and faunae

Miiich were not demonstrably due to dispersal from the northern conti-

nent. This theory has in its original form gone so long uncontested that

it is very generally regarded as incontestable. New discoveries have been

interpreted in terms of it, the weakness of the original evidence, the pos-

sibility that it might be otherwise interpreted, has been forgotten, and

like the Nebular Hypothesis, it has become almost impossible to dislodge

it from its place in the affections of the average geologist.

Cii.\nLKS Si iiichkrt: BuH. (!eol. Soc. Amer.. vol. L'O. pp. 427-006. pll. xlvi-ci. 1910.
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If the distribution of animals be interpreted along the lines here advo-

cated, there is no occasion for a Gondwana Land even in the Paleozoic.

But it is chiefly as affecting Mesozoic or Cenozoic dispersal that we are

here concerned with it. One may summarize the arguments for it by

saying that a considerable number of groups of animals and plants which

are absent in the northern world, either living or fossil, are found in the

southern continents and some of them in certain oceanic islands as well.

Most of the groups are unknown or almost unknown as fossils; those

which have any considerable fossil record are steadily being eliminated

from the list by the progress of discovery, showing that they or their an-

cestors did formerly inhabit the northern world. The remaining groups

agree with those southern faunal groups which have admittedly come

from the north, in being of primitive and archaic type and in that their

representatives in the different southern regions are but distantly related,

the remoteness being in a very direct proportion to the present isolation

of the region.

There are a few instances of exclusively southern types closely related

(e. g., Galaxids) ; but, although they have been cited in corroboration of

the evidence from the groups above mentioned, they are in fact, if thus

interpreted, directly contradictory. For the distant relations of the one

series is interpreted to mean a very ancient connection, but isolation

since
;
while the other series would indicate a very recent connection and

earlier isolation. The explanation here lies not in a northern ancestry,

but that the ocean does not form an impassable barrier to their dispersal.

This has been proven in the case of Galaxias; it is probably the explana-
tion of all similar distributions.

The relations of the Glossopteris flora are a different and far more com-

plex problem of distribution. The clue to its interpretation lies perhaps
in its association with Permian glaciation; but it is outside the limits of

the present essay and will not be discussed here.

Eegional Correlation

The geological correlation of widely distant formations is so intimately
bound up with problems of geographical dispersal and migration that the

two series of problems must needs be studied and solved together. We
cannot arrive at a correct understanding of the history and causes of the

geographical distribution of animals, present and past, without correct

correlation of the geological succession in different regions. IS^or have

we, up to the present time, any reliable methods of exact correlation in

widely distant regions except the comparison of fauna and a considera-
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tion of their source and the history of their migration and dispersal.

Absolute standards, as of world-wide changes in physical or climatic con-

ditions, may serve in the future to give us broad lines of correlation inde-

pendent ot paleontology ;
but at present their universality is hypothetical,

the exact train of physical ])lienomena wliich they entail and the indices

by which they may be recognized in the ^ratigraphic succession are im-

perfectly known. Paleontology is for the present our sole recourse in

correlation. Probably it will always be our chief dependence, at least in

exact ami detailed comjjarison.

SYN^CItttOXtSM AND IIOMOTAXIS

The ordinaiT metliods of paleontologic correlation can l)e applied with

arcuracy and certainty only over limited areas of the earth's surface.

When a])plied to far-distant regions, we meet first with the difficulty that

there is little identity of fauna?, only an equivalence more or less exact.

Nor can we be sure that equivalent or even identical forms were contem-

poraneous in all parts of the earth. They certainly are not so to-day.

The modern land fauna of Australia, as Huxley long ago insisted,^" is in

its broad lines a Mesozoic fauna. Examined in detail, it shows indeed

the marks of a long period of independent evolution and specialization.

Yet the degree and amount of specialization is fur less than that which

the fauna? of the northern continents have undergone during the Ceno-

zoic. The modern fauna of the East Indies or of Central Africa has a

great deal in common with the later Tertiary faunas of Europe and north-

ern Asia. Central America and tropical South Amerira bear similar

relations to Xorth America. While Huxley's dictum thai an older fauna

in one region may be homotaxial with a later fauna in another does not

apply to the extent of involving identity of all or most of the species, yet

it very clearly does ap])ly in a broad way to the land faunns and probably
to a less extent to the marine faunae as well. The rate at which evolution

and differentiation progress varies as between the fauna? of different re-

gions. It varies as between the different constituents of a fauna. Neither

the partial identity nor the general equivalence of two fauiKV is sufficient

to prove them synchronous, except under certain conditions to be con-

sidered later.

Another method very generally used in correlation of fauna? which

contain little or nothing in common consists in an estimate of their rela-

tive antiquity as indicated by the proportion of extinct to surviving spe-

cies or genera. This also involves the assumption that the rate of progress

"T. H. Huxley: Q. I. G. S., vol. sviii, pp. xl-liv. 18G2.
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of evolutionary change is constant in all parts of the earth, at least for

members of the same grtmp. But if the rate varies in different regions

for the fauna as a whole, we have no reason to believe that it woukl be

constant for common or similar groups.

The practical application of this method is very unsatisfactory. In

illustration of this, I may instance the widely divergent views entertained

by different authorities as to the age of the later geological formations of

Argentina in comparison with European standards. Able and authori-

tative discussions of this problem have appeared within the last few years

by Ameghino," Eoth,i^ Gaudry,=^o Scott,-^ Hatcher,^^ Ortmann,^^ Stan-

ton, von Ihering, Wilckens, Cossmann, Wiman and otliers, dealing with

the vertebrate and invertebrate fossils and stratigraphic relations of the

formations. The field work has been extensive, the collections large, the

faimre are large and varied and in large part well kno^vn
;
but the results

are widely discordant. The amount of discordance is indicated by the

correlation of the four principal terrestrial formations, as given by

Ameghino, Roth, Gaudry and Schlosser.

The correlation of widely distant formations is so intimately l)ound up

with problems of geographic distribution and migration that the two

series of problems must be studied and solved together. The methods

relied upon by Roth and Ameghino are substantially the same as those

generally used by northern authors. Why then do they lead to such dis-

cordant results? It is because the data on which they rest prove not con-

temporaneity but homotaxis. Granting that two faunae in widely remote

regions contain the same proportion of extinct species, granting that

they represent equivalent stages of evolutionary progress, they are not

thereby shown to be contemporaneous, unless they are at the same dis-

tance (measured not in miles but in difficulty of advance) from the main

center of dispersal of the fauna which they contain. Very obviously, if

18 Fl. Ameghino: "L'Age ties Formations Sedimentaires de ratagonie," Anal. Soc.

Cient. Argent., torn. L. LIV ; pp. 1-231 of separata. 1903. "Formations Sedimentaires,

du Cretace Superieur et dn Tertiaire de Patagonie," Anal. Mus. Xac. Buenos Aires, torn.

XV, pp. 1-568. 1907.
19 Santiago Roth : "Beitrag zur Gliederung der Sedimentablageningen in I'atagonien

nnd der Pampasregion." Neue.s .Tahrb., Beil.-Bd. xxvi. s. 92-150, taf. xi-svii. 1908.
™ A. Gaudry : "Fossiles de Patagonie, etc." Ann. de Pal^ont. I. 1906.
-1 W. B. Scott : Mammalia of the Santa Cruz Beds in Rep. Princ. Univ. Exp. Pata-

gonia, vol. V. 1903. Int. Cong. Zool., Berne, C.-R.. pp. 241-247. 1905. .\ History of

the Land ^Mammals of the Western Hemisphere. 1913.
22 J. B. H.\TCHER : "On the Geology of Southern Patagonia." .\mer. .lour. Sci., vol. iv,.

pp. 327-354. 1897. "Sedimentary Rocks of Southern Patagonia." ibid., vol. ix, pp.

89-108. Ibid, vol. XV. pp. 483-486. 1903.
23 A. Ortmanx : Tertiary Invertel)rates in Report Princ. Univ. Exp. Patagonia, vol. iv,

pp. 45-332, pll. xi-xxxix. 1902.

See for further references the bibliography in Ameghino, 1907, supra, pp. 3-18.
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Table I.—Correlation of the Four Principal Terrestrial Formations
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Cretaceous period those southern faunae which are homotaxial with tlie

early Eocene of the North: to the Eocene those faunge which are homo-

taxial with the Middle Tertiary of the North, and so on.

To a certain extent, the intercalation of marine formations may pro-

vide a check on this relationship, but it must be remembered that the

same theories of dispersal may also apply to marine fauna?, wholly or in

part. Homotaxial marine faunae may be far from contemporaneous.

The chief center of dispersal of marine faunas may be assumed to be

either the equatorial oceans and coasts, the northern, or the southern

seas, or both north and south equally. Only when the movements of dis-

persal are in opposite directions on land and in the seas will the marine

faunffi furnish an adequate check on the homotaxis of land fauna?; and

in that case the true synchronism must be arrived at by balancing con-

flicting evidence derived from terrestrial and marine faunal comparisons.

It is true that if we eliminate the idea of faunal dispersal altogether

and regard each race of animals as evolving and dispersing independ-

ently, governed by its own conditions and causes of change, we may in

the present imperfect state of our knowledge lay out various and inde-

pendent centers of dispersal for different races, whose successive appear-

ance in one or another continent will furnish data for a true correlation.

There has been a strong tendency in the last half century to work on this

theory, but in the j)resent writer's opinion at least, the supposed evidence

in favor of this view is due chiefly to the imperfection of the geologic

record, and its very wide acce})tance to a lack of appreciation of the

underlying causes of evolutionary progress and dispersal.

I do not understand how anyone can reconcile the theory that each

race of animals evolves and disperses independently and that the common
biotic and physical environment is not a controlling factor, with the plain

fact that regional faun^ do exist to-day. The conditions that control the

dispersal of one race are largely identical or correlated with those that

control the dispersal of others, and every change in these conditions will

affect not one race only, but a large part or the whole of a fauna, in a

manner and to a degree largely identical, causing similar changes in the

range of the fauna.

TERTIARY CORRKLATIOX TX SOUTH AMERICA

Before setting forth the evidence as to the dispersal of the mammals,
it is necessary to attack a problem whicli has caused much acrid contro-

versy, namely, the age of the later formations of the Argentine Republic.

The difference of opinion among authorities has already been indicated,
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as also the fact tliat the true correlation is so iiitimatoly related tn the

direction of mi<i"ratioii that the two ])rol)lenis must he settled together.

In view of the great and well merited reputation of Dr. .Vmeghino and

the immense array of data which he has marshalled in support of his

theories of correlation and phylogeny, it is not surprising that they should

find a very considerahle acceptance, not in -South America alone but else-

where. Few scientists indeed are disposed to accept his dei'ivation of the

horse family from eai'ly South American ancestors or of the various

families of Carnivoi'a from the same source, for in these and other cases

the evidence for northern ancestry is almost universally accepted as con-

vincing; but maiiy writers are willing to accept Ameghino's determina-

tion of the age of the Argentine formations, although more critical as to

his phylogenetic views.

The two, however, must stand or fall together; and it is precisely be-

cause the Equidie, Procyonidae, etc., if their genei-ally accepted phylog-

enies be admitted, afford incontrovertible evidence against the validity

of Ameghino's correlations of the formations of the Argentine, tliat he

has been compelled to devise different phytogenies for these cases. Few
scientists will be willing to believe Ameghino's assertion that MerycMppns
and its successors in the equine phylum have nothing to do with the

Anchitheriinffi which they so closely resemble in teeth, in skull, in feet.

in all details of the skeleton, but must be derived from the South Amer-

ican NotohippidaB on the strength of a much more distant resemblance in

the second upper molar, unsupported by any near resemblance whatsoever

in the remaining teeth or in any points of construction of skull or of

skeleton. It is not my intention to present here any detailed refutation of

Dr. Ameghino's argument, but to point out that if the northern origin

of the EquidiE be accepted, the age of the Pampean and related forma-

tions must be far later than that he has assigned to them. The first ap-

pearance of true equines in South America is in the Pampean. The

three best-known genera are Et/uu-s, Uippidion and Onohippidioii. The

first might be regarded as of Palearctic origin ; the second and third have

no Old World predecessors, but may be directly derived from the North

American Pliohippus. They are. Iiowever, nnich larger and mori' pro-

gressive than PUohippuft, and in size, reduction of tlie lateral digits, etc.,

are equivalent to E(jfius. We can hardly doul)t that tliey came to South

America from North America, nor can I see any practical alternative to

believing that Equns arrived by the same route. Now, the first appear-
ance of Equus in North America is at the base of the Pleistocene. In

Argentina, it first appears in the middle Pampean. The middle Pam-

pean cannot therefore be older ami is ])resumahly younger than Lower
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Pleistocene. Hippidion and Onohippidion are found (fide Koth) in

somewhat older levels ;
but as they are much advanced over anything in

our Middle Pliocene (Blanco), it would seem that their first occurrence

in the Pampean must be placed at the top of the Pliocene or preferably

in the lower Pleistocene. I conclude that the Pampean formation ap-

proximately represents the Pleistocene epoch.

Beneath the Pampean of Ameghino, but included in it by Roth, are

fossiliferous beds in which certain Procyonidse and Ursidfe are found.

If we admit the North American source of these carnivora, they would

indicate Pliocene age for the beds containing them. Dr. Ameghino, who

regards them as Oligocene and Miocene, is compelled, therefore, to set

aside the North American ancestors of the Procyonida? and to regard

them as of South American origin and the Ursidse as either autoch-

thonous or arriving in South America from the Old World via Africa.

As with the Equidte, the only shadow of plausibility for such phylogenies

lies in the incompleteness and careful limitation of the evidence that is

adduced in their behalf. Phlaocyon of the North American Miocene,

which is intermediate between Cynodictis and the Procyonidae in almost

every detail of the perfectly preserved dentition, skull and skeleton is

merely-* "un vrai Canide sans relations avec les Procyonides," while the

South American genera are derived through hypothetical ancestors from

the carnivorous marsupials of the Santa Cruz. Here again, Dr. Ameghino
is compelled, in defense of his theories of correlation, to adopt these im-

possible phylogenies, because if the Procyonids are of North American

origin the Argentine formations are demonstrably of later date than

those which he assigns to them. Phlaocyon is a far more primitive

procyonid than any of the South American genera. Leptarctus of the

Upper Miocene may be their equivalent, but it is very imperfectly
known. -^ If these Argentine genera are derived from the Oligocene

Cynodictis and related genera of Holarctica, Phlaocyon being about half

way between the two groups, then their age is indicated as Pliocene, not

as Oligocene or Miocene. Also with the Ursidre
;
to admit them as arriv-

al Pl. Ameghino : Ann. Mus. Nac. Buenos Aires, torn, xv, p. 396. 1906. Dr. von Ihering
has since attempted to prove wliat Ameghino merely asserted. His argument rests upon
an untenable interpretation of a single feature in the dentition, ignoring all other char-

acters of teeth, skull and skeleton, and, if true, would involve not only that Bassarisciis

has nothing to do with the Procyonidae (which he asserts), but also that the ProcyonidiB
have nothing to do with the carnivora but are of wholly diverse ancestry.

See H. V. Ihering, Systematik, Verbreitung und Geschichte der sudamerikanlschen
Raiibthlere. Archiv f. Naturg., 76 .Tahrg. I. Bd., s. 113-179. 1910.
^ The type of Leptarctus is an upper premolar of doubtful affinities. Wortman re-

ferred to it in 1894 a lower jaw from the Upper Miocene, which is unquestionably
procyonid and hardly distinguishable from Procyon. Ameghino and von Ihering ignore
this record.
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ing via North America would compel Amcghino to conclude tliat tlieir

first occurrence in South America in these same sub-Pampean beds must

be materially later than the evolution of the phylum in the Pahearctic

region (Miocene) and that the genus Arctotherium of the true Pampean
ill South America, unknown in North America until the Pleistocene,

inilicates, like Equiis, that the Pampean is ft Pleistocene formation.

The distribution of Smilodon in North and South America is in exact

accord with that of Arctotheriuin. Tlie relations of the South American

Proboscidea to those of North America correspond to those of the Equidse.

The Camoliflffi, Cervidse, Canidjp, etc., also snpport the Pleistocene age

of the true Pampean. The Edentata, whose migration appears to have

been in the reverse direction, will be discussed later.

In the Santa Cruz fauna, we have not the direct evidence that the

Pampean faunse afford for correlation by means of groups of admittedly

northern origin. The evidence has been very fully discussed by Hatcher,

Ortmann, Scott and others, and so far as it is based upon the relations

and age of associated marine formations, I am not competent to criticize

it. The criterion used by Ameghino and Roth, of proportions of extinct

to living genera, I regard as untrustworthy, partly for the general reasons

already given (p. 192) and partly because of the personal equation that

must always affect the number of genera and species described as new,

as compared with those referred to known genera and species. Unless

the standards of diversity for genera and species were approximately the

same, and in this instance they are certainly very wide apart,-® the com-

parison of the proportions of extinct to surviving genera and species in

Argentine formations with those of Europe or North America would be

misleading.

Perhaps the most important correlation is that of the Notostylops

fauna. Lower Cretaceous according to Ameghino, Upper Cretaceous ac-

cording to Roth, Paleocene according to Gaudry, Upper Eocene in Schlos-

ser's view. Here there is an apparently strong point for Cretaceous

age in the presence of dinosaurs in association with the fossil mam-
mals. Dinosaurs disappeared from the Northern world at the end of

the Cretaceous.^^ They are entirely unknown in any Tertiary formation.

Nevertheless, the possibility of their survival into the early Tertiary in

South America must be considered.^® The mammalian fauna with which

=' The European fossil rodpnts are. for tlie most part, roferrei in accordance with the
(lid conservative standards of senera and species, while Ameghino Is much inclined to

hairsplitting in generic and specific distinctions. Scott In his revision Is more conserva-

tive, but not so as to equalize the standards in question.
" The latest dinosaur formations of North America are. however, regarded as Paleo-

cene by Knowlton, Lee. Pealo and other authorities.
28 The same arguments apply to the occurrence of a Mesozolc type of Crocodile,

.\Dfiisiii-liiiH, in the \otof!t!il<)i)s fauna.
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they are associated is in part closely related to the Paleocene fauna of

Europe and jSTorth America and for this reason has been regarded as

equivalent. But these genera of Northern affinities are associated with

a large number of larger and more progressive genera, structurally de-

rivable, according to the canons of evolutionary development universally

accepted by paleontologists, from the more primitive types which are

common to the Notostylops beds and the Paleocene of the North, and

leading apparently into the various specialized groups peculiar to the

later South American Tertiaries. These more progressive types are un-

known to any northern Tertiary fauna; they appear to be derived from

the more primitive group whose affinities are so close to the Puerco,

Torrejon and Cernaysian mammals; and they point to the conclusion

that the Noiostylops fauna is in reality decidedly later than the Paleo-

cene, the more primitive group of its fauna being little altered survivals,^^

corresponding to the primitive survivals (Condylarthra, etc.) which are

found in the Wasatch and Wind Eiver faunse of North America. Taking
the Notostylops fauna as a whole, it appears to me to represent an Eocene

stage of development, conditioned by an isolation which began in the

Paleocene and hence prevented the incoming of any Perissodactyla,

Artiodactyla or Carnivora from North America.^" This same isolation

will satisfactorily account for a later survival of the dinosaurs, of Meso-

zoic Crocodilia and some other primitive elements, if they Avere in fact

contemporary with the Notostylops fauna.

The age of the Pyrotherium beds is much less definitely determinable.

Dr. Roth, indeed, doubts the existence of this faima as distinct. If

accepted, it would presumably be intermediate between the Notostylops
and Santa Cruz faunae and provisionally referable to the Oligocene.
The sequence of the Argentine faunae will then be

Pampean (s. s.) = Pleistoceue

Monte Hermoso etc. =: Pliocene

Santa Cruz z= Miocene

Pyrotherium = ? Oligocene

Notostylops = P>ocene.

So far as the correlation of the Pampean and Santa Cruz is concerned,

their fossils agree wholly in preservation and degree of petrifaction with

those preserved in similar Pleistocene and late Miocene formations, re-

^ Little altered, that is to say, so far as the parts known to us are concerned : their

adaptation, whatever it was. not involvinsr radical changes in dentition from the primary
type.

-^ Schlosser Mn Zittel's Grundziige d. Pal.. Rev. Ed. 1912) regards the Notostylops
fauna as T'pper Eocene. Scott (History of Mammals of West. Hem.) places it as Eocene.
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spectively, in the western Plains, and tlie degree of consolidation of the

matrix is the same. We have in the West two fossil iforoiis formations,

the Bridger (Eocene) and John Day (Oligocene), which arc. like the

Santa Cruz, composed of an andesitic volcanic ash, and simihir ash strata

are found in different levels of our Western Miocene formations. Now,

the Santa Cruz matrix and fossils are vqry much less consolidated or

thoroughly petrified than the Bridger and 'decidedly less so than the

John Day, while they agree very well with the volcanic ash beds in the

middle and u])per Miocene. As there is no reason to suppose that the

rock-making processes woi-k at a different rate in different continents,

this evidence is entitled to some consideration. On similar grounds, the

Pampean fossils would be referred to middle Pleistocene, and the few

fossils that I have seen from Monte Hermoso agree best with Pliocene

fossil mammals from North America. I should place no weight on this

kind of evidence except when, as in the present instance, the climatic

conditions and the origin and method of deposition of the formations are

substantially similar.

The foregoing digression is somewhat outside the limits of this dis-

cussion. It appears, however, to be necessary to show briefly the reasons

on which the age assigned to the South American mammalian faunae are

based. It might, indeed, be logically objected that these correlations

are based on the northern origin and migration of certain phyla and

cannot, therefore, be used in support of the theories here advocated. But

the phyla on which the demonstration rests are so universally admitted

to have arisen in the north, and the evidence that they did so is so com-

plete and conclusive, that there is no reasonable alternate to accepting

them as such. And if so, the correlations of South American faunae

must be approximately as here stated, a conclusion supported by the

wholly independent evidence of the degree of consolidation of the fonna-

tion and of petrifaction of the fossils contained.

Cp:nti:rs of Dispersal

W'liclhci- the evolution of a race be regarded as conditioned wholly by

the extenuil en\ironment or as partly or chiefly dependent upon (un-

known) intrinsic factors, it is admitted by everyone that it did not

appear and progress simultaneously and (''(jiio pede over the whole sur-

face of the earth, or even over the whole area of a great continent. The

successive steps in the progress must appear first in some comparatively

limited region, and from that region the new forms must spread out,

displacing the old and driving them before them into more distant
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regions. Whatever be the causes of evolution, we must expect tliem to

act with maximum force in some one region ; and so long as the evolution

is progressing steadily in one direction, we shouhl expect them to con-

tinue to act with maximum force in that region. This point then will

be the center of dispersal of the race. At any given period, the most

advanced and progressive species of the race will be those inhabiting

that region ; the most primitive and unjjrogressive species will be those

remote from this center. Tlie remoteness is, of course, not a matter of

geographic distance but of inaccessibility to invasion, conditioned by the

habitat and facilities for migration and dispersal.

If the environmental conditions in the center of dispersal pass the

point of maximum advantage for the race-type that is being developed

and become unfavorable to its progress, we should find its highest types

arranged in a circle around a central region, which was the former point

of dispersal, and tlie more primitive types arranged in concentric ex-

ternal circles. The central region will be unoccupied, or inhabited by

specialized but not higher adaptations.

It would appear obvious tliat the present geographic distribution of a

race must be interpreted in some such way as this by anyone who accepts

the modern doctrine of evolution. Yet there are many high authorities

on geographic distribution who proceed apparently upon a precisely op-

posite theory. According to these authors, the distribution center of a

race is determined by the habitat of its most primitive species, and the

highest and most specialized members of the race are most i-emote from

its center of dispersal. This principle may Ije true enough so far as

concerns the first appearance of a given race, i. e., provided the most

))rimitive species are also the oldest geologically; but it appears to me
to be the direct reverse of fact as regards the present distribution, or the

distribution at any one epoch of the past. The only ground on which it

could be defended would be that the progress of the race is due to its

migi-ation, and those members which did not migrate did not progress.
But this involves the view that its progressiveness up to the time that

its geographical environment changed was due to staying at home, and
the same progress after its environment changed was due to not staying
at liome. It seems to me that the prevalence of this view must be due

to some fallacious notions about migration, unconsciously retained, in-

volving a concept of it as analogous to travel in the individual. The
successful business man, no doubt, may pack up his baggage and take to

traveling, leaving home and going elsewhere and ]:)rofiting much thereby.
Xations have done the same thing, likewise to their advantage. But
there is very little analog}- here to the zoogeograpliic migration of spe-
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cies— \vliicli is a question of expansion ui' conii'aeliun uf i'ani;"e. not di-

rectly of traiisfereiKC of habitat, although this may be the final result.

It seems obvious that the conditions which brought about the early

progressiveness of the race in a particular locality would, so far as they

were external, cause the continued progressiveness of those individuals

Avhich remained in that region ;
so far as they were intrinsic, they would

affect the main bulk of the race, the center of its range, more than any

outlying parts of it. The present writer is very thoroughly convinced

that the whole of evolutionaiy progress may be interpreted as a response

to external stimuli : and intends here to point out what he regards as the

most important of these stimuli. It is therefore necessary to point out

tiiat these postulates regarding centers of dispersal and migration are

not dependent upon the theories to be proved^
—we are not reasoning in

a circle.

Oceanic and Continental Islands

J-AIXAL l)lFFi:KE\<'K,S BETWEEN OCEAXTC AND ( 'OXTI \ i:X'l'.\ I. ISI.AXUS

One of the strongest arguments for the relative permanency of the

deep oceans, especially during Cenozoic time, is afforded by the marked

and striking contrast between the fauna^ of those large islands which are.

and those which are not, included within the continental shelf. The

continental islands have the fauna of the continents to which they belong,

large as well as small, differing only in the absence of types of recent

evolution or of unsuitable adaptation and iii tlie survival of primitive

types which have disappeared from the mainland. But no question could

be raised as to their former union with tlie mainhmd. no other possible

solution would explain their fauna. We are compelled to assume the

former connection of the British Isles with Europe, of Ceylon with India,

of Japan with Korea or Siberia, of Sumatra, Java and Borneo with the

Malayan mainland, of tlie Philippines with Borneo, of Xew Guinea and

Tasmania with Australia, of Newfoundland and Cape Breton with Lab-

rador and Nova Scotia. In each and all of these cases, the evidence is

overwhelming, and, with the exceptions cited, the faunal identity is

complete.

On the other hand, with all those islands which are separated by deep
ocean from the mainland, we find that just that evidence is lacking which

would afford convincing proof of former union with the mainland. Their

faunae are widely different from those of the adjoining mainland : they
lack just those animals which could not possibly have reached there

except by land bridges; they point often to long periods of independent
evolution and expansion, and the primarv' elements of the fauna? of ever}^
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one of them are such as might possibly at least have reached the island

without continental union, whether by accidental transportation, by

swimming or by other means.

Take for example the mammals of Sumatra, Java and Borneo. We

cannot reasonably suppose that the rhinoceroses, tapirs, deer, wild dogs,

felids and numerous other large animals common to them and the ad-

joining continents reached these islands except by land. They are too

large for transportation on "rafts" of vegetation such as occasionally

drift to sea from the mouths of tropical rivers. They are dry-land ani-

mals not given to swimming long distances. And we would not invoke

the agency of man to account for a whole fauna. But most important

is the fact that all the animals that we might fairly expect to find there

in view of a former land connection are really present.

Contrast with this the fauna of Madagascar.'^ There are no ungulate

mammals there, except for the bush-pig, possibly introduced by man (in

accord with known customs of the Malays) and a pigmy hippopotamus

(now extinct) which might have reached the island by swimming, as

hippopotami are kno^wm to travel considerable distances by sea from one

river mouth to another. The great majority of the unguiculate groups

of the mainland are also absent. The only representatives are a few

very peculiar carnivores of the family Viverridge, a peculiar group of

insectivores (Centetidae) and a peculiar group of Cricetine rodents, each

apparently evolved on the island from a single type introduced long ago,

a species of shrew (Crocidura) of more recent introduction and a variety

of bats. There are numerous lemurs and no monkeys there ;
and the

lemurs appear to have radiated out from a single group^^ into a

number of peculiar types, two of which, now extinct, paralleled the

ungulates and the higher apes in several significant features. The fauna

of the island does not resemble the present fauna of Africa, nor can it

be derived from any one past fauna, known or inferential, of that conti-

nent. The attempt to derive it from the present or from any known or

inferential past fauna of India involves still gi-eater difficulties. On the

contrary, the Malagasy mammals point to a number of colonizations of

the island by single species of animals at different times and by several

methods. Of these colonizations, the Centetidae are the earliest, perhaps

pre-Tertiary ;
the lemurs, rodents and viverrines are derivable from one

or more middle Tertiary colonizations : and in both cases the ''raft"

31 A. R. Wallace: Island Life, pp. 381-412. ISSl. See also Trouessart Catalogus
Mammalium and Suppl. Quinq. ; Lydekker. Geog. Hit. Mam., pp. 211-226. 1896. Lydek-
ker's arguments for continental union are mostly invalidated by more recent discoveries.

^- See W. K. Gregory's studies upon the affinities of the Lemuroidea, forthcoming in

Amer. Mus. Bulletin.
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hypothesis may reasonably tx- invoked. Tlu' liippopotHini may have

arrived by swiinniiiig and tlie bush-])ig and the slirew may liave been

introduced by man, while the bats may readily iiave arrived by flight.

The extinct ground birds are easily derived from flying birds.

Dr. Arklt,^^ in his discussion of the .Malagasy I'auna, points out its

composite character, derived from several successive invasions. 'I'his, I

think, is clear enough; but it seems equally clear that these were not

faunal invasions due to land connection but sporadic colonizations by a

few species all at dift'erent times. The characters of the mammalian

fauna, both negative and positive, practically exclude the theory of larul

connections during the Tertiary.

The West Indian islands alTord another marked instancL'. In spite

of its nearness to Florida, there are no North American mammals in

Cuba, except the manatee,—analogous with the hippopotaniTis in Mada-

gascar. Nor are the other islands richer in fauna. As also in Mada-

gascar, we have a peculiar and very ])rimitive insectivore Solenodon

(Cuba and Hayti), a number of peculiar extinct ground-sloths, of which

Megalocnus is the best known, and wliidi although Pleistocene in age

are derivable not from the Pliocene or Pleistocene ground-sloths of North

or South America but from the Miocene ground-sloths of Patagonia,

and evidently diiferentiated through a long-continued period of isolated

evolution, and a couple of chinchillas—the hutias of the larger islands,

the (extinct) A nihJyrhiza in Anguilla. The Solenodon may be referred

to a more ancient colonization, the ground-sloths probably arrived during
the Miocene, the chinchillas more recently; and the direction of the

prevalent ocean currents points out the reason why these are of South

American derivation. Those who, like Dr. d. W. Spencer,^^ believe in

gigantic elevation movements connecting the Antilles with the mainland

in Pliocene and Pleistocene would account for the absence of the conti-

nental fauna by invoking a subseqiient subsidence which drowned out

everything else. The improbabilities involved in this hypothesis on strati-

graphic and faunal grounds have been pointed out by W. TI. Dall, U. T.

HilP" and others.

^3 The moist tropical conditions of early Tertiary times wotild favor tlie formation of

svicli rafts, the small size and ai'boreal habits of the animals concerned would increase

the chances of their lieins ca\if;ht on such rafts and the uniform climal(> and conse-

quently more placid seas would increase the distance over which the raft might be trans-

ported before it broke up.
•'* 'I'lncoDORE AuLDT : Entwickluns der Konlinenle und ilircr I.ebewelt. ])p. 110-142.

1007.
"'

.1. \y. SPENCioit : "Ueconstruction of the Antilleau Continent." Itull. Geol. Soc. Anier.,

vol. vl, pp. 103-140. ISO.").

^^ W. II. Dall: "Geological Results of thi> Study of thr Tertiary Fauna of Florida."

Trans. Wagn. Inst., vol. iii, pt. vi. 1903.
R. T. Hill : "Geological History of the Isthmus of Panama and Portions of t'osta

Rica." P.ull. Mus. Oomp. Zo51.. vol. xxviii. pp. 151-285. 1808.
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Cuba, while near in actual distance to the North American continent,

has been comparatively inaccessible to sporadic colonization from that

source, on account of the direction of the ocean currents; but coloniza-

tions from South (or possibly Central) America have reached it. New

Zealand is more remote and inaccessible, and, during the whole Mesozoic

and Cenozoic eras, we have evidence of but two colonizations by land

vertebrates, neither implying any necessary continental connection. The

rock-lizard (Sphenodon) may, for aught we know to the contrary, be

derived from a marine form
;
all its early Mesozoic relatives were aquatic,

some apparently marine. The few other reptilia may be best accounted

for by sporadic colonizations of later date. The moas are probably de-

rivatives from flying birds.

When we come to the smaller oceanic islands, their poverty of fauna

is still more conspicuous. If their fauna is due to sporadic colonization,

this should be expected, as the chances are reduced directly in proportion

to the smaller length of coastline on which an immigrant might land, as

well as by their effective distance from the mainland. The colonization

of a group of islands one from another may be due to former land con-

nection and subsequent isolation, or to the same method of accidental

transport, subject to the same laws of chance.

It is quite possible that in certain instances the small size and unfa-

vorable environment of islands formerly connected with the continent

may account for non-survival of the continental fauna. The Falkland

Islands are a case in point; but even here, we find the survivors closely

allied to the continental fauna and including types which afford the con-

clusive proof of continental connection which is uniformly lacking in

oceanic islands. ^^

The characteristics of continental and oceanic island faunae have been

very fully and ably elucidated by Wallace (Island Life), and it is in-

tended here merely to assert that the progressive increase of our knowl-

edge of the past life of the world tends only to emphasize the distinctions

in the source of their faunae which he has so clearly demonstrated and,

so far as my acquaintance with the subject goes, to reduce still further

the number of continental connections which he regarded as permissible.

To the argument so often advanced that the transportation of a species

across a wide stretch of sea and its survival and success in colonizing a

new country in this way is an exceedingly improbable accident, it may
be answered that, if we multiply the almost infinitesimal chance of this

=^ Introduction of Canis antarcticus by human agency in prehistoric times is, however,
a possible explanation of its occurrence. It is the only alternate to a Pleistocene land
connection.
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occurrence during tlie few centuries of scientific record by the almost

infinite duration of geological epochs and periods, we obtain a finite and

quite probable chance, which it is perfectly fair to invoke, where the

evidence against land invasion is so strong. Furthermore, the fact that

continents have not in general been peopled in this way one from another

is well accounted for by the fact that spefci^ already existed there which

filled the place in the environment and by their competition prevented

the new form from obtaining a foothold, or greatly reduced the chances

thereof. In oceanic islands, however, the favorable environment existed

without the animal to fill it. Very often, on account of this lack, some

other type was evolved to fill its place; birds being widely distributed on

account of their powers of flight have in many oceanic islands developed

large terrestrial adaptations to take the place of the absent or scanty

mammals.

KATUP.AL RAFTS AXD THE PROBABILITIES OF OVER-SEA MIGRATION

THEREBY

The following series of facts and assumptions may serve to give some

idea of the degree of probability that attaches to the hypothesis of over-

sea transportation to account for the population of oceanic islands.

1) Natural rafts have been several times I'eported as seen over a hundred

miles off the mouths of the great tropical rivers such as the Ganges, Amazon,

Congo and Orinoco.^^ For one such raft observed, a hundred have probably-

drifted out that far uuseen or unrecorded before breaking up.

2) The time of svieh observations covers about three centuries (I set aside

the period of rare and occasional exploring voyages). The duration of Ceno-

zoic time may be assumed at three million years (Walcott's estimate).

3) Living mammals have been occasionally observed in such records of nat-

ural rafts. Assume the chance of their occurrence (much greater than of their

presence being noticed) at one in a hiindred.

4) Three hundred miles drift would readily reach any of the larger oceanic

islands except New Zealand. Assume as one in ten the probability that the

raft drifted in such a direction as to reach dry land within three hundred

miles.

")) Tn case such animals reached the island shores and the environment

afforded them a favorable opening, the propagation of the race would require

either two individuals of different sex or a gravid female. Assume the proba-

bility of any of the passengers surviving the dangers of landing as one in

three (by being drawn in at the mouth of some tidal river or pi-otected inlet),

of landing at a point where the environment was sufliciently favorable as

one in ten. the chances of two individuals of different sexes being together

88 A recent number of the Popular Science Monthly (Sept., 1911, vol. Ixxix, pp. 303-307)

gives the recorded observations of the drift of a natural raft of- this sort, covering over

a tlioiisand miles of travel.
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might be assumed as one in ten, tlie alternate of a gravid female as one in

five. Tlie clianee of one of tlie two liappening would be 1/10 + 1/5 = 3/10.

The chance of the species obtaining a foothold would then be .3/10 X 1/3 X
1/10 = one ill a hundred.

If then we allow that ten such cases of natural rafts far out at sea have

been reported, we may concede that 1000 have probal)l.v occurred in three

centuries and 30,000,000 durinoj the Cenozoic. Of these rafts, only

3,000,000 will have had livincr maramals^^ upon them, of these only 30,000

will have reached land, and in only 300 of these cases will the species have

established a foothold. Tliis is quite sufficient to cover the dozen or two

cases of Mammalia on the larger oceanic islands.

Few of these assumptions can be statistically verified. Yet I think

that, on the whole, they do not overstate the probabilities in each case.

They are intended only as a rough index of the degree of probability that

attaches to the method, and to show that the populating of the oceanic

islands through over-sea transportation, especially upon natural rafts, is

not an explanation to be set aside as too unlikely for consideration.

I have considered the case only in relation to small mammals. With

reptiles and invertebrates, the probabilities in the case vary widely in

different groups, but in ahnost every instance they would be consider-

ably greater than with mammals. The chance of transportation and sur-

vival would be larger and the geologic time limit in many instances much

longer. "Wind, birds, small floating drift and other methods of acci-

dental transportation may have played a more important part with in-

vertebrates, although they cannot be invoked to account for the distribu-

tion of vertebrates. The much larger variety and wider distribution of

infra-mammalian life in oceanic islands is thus quite to be expected. And
the extent and limits of such distribution are in obviously direct accord

witii the opportunities for over-sea transportation in different groups.
On tlie other hand, the transportation of very large animals in this way

^ may fairly be regarded as a physical impossibility, which could not be

multiplied into a probability by any duration of time. The only methods

of accounting for such animals would be by evolution in loco from small

ancestors, by swimming, by introduction through the agency of man and

by actual continental union.

The first hypothesis would involve evolution in an isolated and more
or less altered environment and would result in wide structural differ-

ences from any continental relatives. The second applies with greater

probability to large than to small animals, but, except for animals of

™ Small reptiles and invertebrates would only rarely be observed, if present.
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more or less ii(|uatic Imliits and witliin certain limits of distance, it is an

apparent ])h3'sical impossibility. The third may be either intentional or

accidental and should be considered in connection with the kno\vn custom

among Malays and other races, of taming various captured animals and

taking them along on sea-voyages. Its application is, of course, limited

to distributional anomalies of late Pleistoqpne or modern origin. The

last hypothesis, where it traverses the doctrine of the permanence of ocean

basins, appears to me unnecessary, as I have failed to (iiid a single in-

stance of distribution wliieh cannot reasonably be otherwise explained.

COXSIDERATIONS AFFECTING PROBABILITIES OF OVER-SEA MIGRATION IN

SPECIAL CASES

The prc)l)abilities of over-sea transportation to an oceanic island will

o})viously l)e much greater if the island is large, and correspondingly re-

duced if it be of small size. The distance from the mainland will greatly

reduce the chances of such rafts making a landing, for two reasons : first,

the chances of survival of the animals are reduced proportionately to the

length of their journey (or rather, in a varying relation, which for con-

venience we may consider as a direct proportion) ; second, most rafts will

be carried out from one or more points along the coast, but not from all

points equally (that is to say, from the mouths of one or more great

rivers, where the conditions are favorable, seldom from any of the small

rivers). If Me disregard prevalent winds and currents and consider the

rafts as drifting out in all directions the probability of their landing on a

given island will bo dii-ectly ])roportioned to its length opposite the main-

land, inversely to the distance. The probabilities of survival of animals,

so far as it depends on the raft holding together, will also be inversely as

the 71umber of days exposure to the sea, hence as the distance. Compar-

ing Saint Helena, HOO miles from Africa and 10 miles diameter, with

Madagascar, 200 miles from Africa and 1000 miles in length, we see that

the probabilities of effecting a colonization would be 100 X 31/2 X 5^/2?

or 3025 times greatiT in the case of Madagascar. New Zealand, 800 miles

long and 1200 miles from the Australian coast, will receive 8/10 X 1/6

X 1/6, or 1/45 as many colonizations as Madagascar, but 80 X 11/12

X 11/12 or 67 times as many as Saint Helena.

I believe that it is to their small size rather than to unfavorable con-

ditions for survival that the poverty of fauna, especially of higher verte-

])rates, in the smaller oceanic islands is due.

The oceanic currents and prevalent winds do. of course, profoundly

modify the above generalities in each individual instance. They have
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prevented the populating of Cuba from North America, while facilitating

invasions from South and Central America. The present set of currents

reduces the probability of mammals reaching Madagascar from the Afri-

can mainland, while increasing the chances of Oriental animals reaching

it. It reduces materially the opportunities for Australian fauna to reach

New Zealand.

We have no adequate data on which to base theories as to the former

set of oceanic currents. A worldwide uniformity of climate would prob-

ably reduce the north and south movement of the waters; the east and

west element of their motions is conditioned by the rotation of the earth,

and its velocity would be reduced proportionately to the north and south

movements; so that a more uniform climate would bring about a reduc-

tion of velocity rather than change in direction. The third principal

conditioning element is the conformation of the continents, and doubtless

the flooding of great areas and the opening up of broad though shallow

passageways between seas now separated would profoundly modify the

surface currents in many regions. The opening of a broad passage be-

tween North and South America would allow the Caribbean current to

pass into the Pacific instead of being deflected northward and eastward

along the shores of the Gulf of Mexico to find an outlet between Cuba

and Florida. The absence of this initial part of the Gulf Stream would

obviously be unfavorable to North or Central American animals reaching

western Cuba. The great equatorial current would sweep across from

Africa along the northern coast of South America, and uninterruptedly

into the Pacific; transportation from Africa to South America or from

South or Central America to the Galapagos Islands would thus be facili-

tated.

Dispersal of ]\Iammalia

MANKIND

We may with advantage begin our review of the special evidence in

support of our theory with the migration history of man. This is the

most recent great migration ;
it has profoundly affected zoogeographic

conditions
;

it is the one where our data are most complete and accurate ;

we can perceive its causes and conditions most clearly, and we have a

great deal of corroborative evidence in history and tradition.

All authorities are to-day agreed in placing the center of dispersal of

the human race in Asia. Its more exact location may be differently in-

terpreted, but the consensus of modern opinion would place it probably
in or al)out tlie great plateau of central Asia. In this region, now barren
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and sparsely inhabited, are the remains of civilizations perhaps more

ancient than any of which we have record. Immediately around its bor-

ders lie the regions of the earliest recorded civilizations,
—of Chaldea, Asia

Minor and Egypt to the westward, of India to the south, of China to the

east. From this region came the successive invasions which overflowed

Eun)])o in prehistoric, classical and mediiEval times, each tribe pressing

on the borders of those beyond it and in its turn being pressed on from

Fig. 6.—Dispersal and distribution of the princiixil raroi of imin

No attempt Is made to indicate anything beyond the broader lines of dispersal.

behind. The whole history of India is similar,—of successive invasions

pouring down from the nortli. In the Chinese Empire, the invasions

come from the west. In North Aniei'lra. the course of migration was

from Alaska, spreading fan-wise to the south and southeast and continu-

ing: dowTi alonof the flanks of the Cordilleras to the farthest extremitv of

South America. Owing to the facilities for southward migration af-

forded by the great Cordilleran ranges, the most remote parts of the New
World are the forests of Brazil and of northeast South America. In the

northern continent, Florida is the most distant from the source of mi-

gration.
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In Africa, the region north of the Sahara has been overrun by succes-

sively higher types from the east. The great desert was a barrier to

southward migration, being pierced only by the narrow strip of the Nile

valley, from whose head spread out the successive populations of central

and southern Africa. The main trend of migration followed the eastern

highlands, the valleys of the iSTiger and Congo being more remote.

In the East Indies, the succession of great islands to the southeast,

perhaps more connected formerly than now, formed stepping stones of

miration to the distant continent of Australia.

The lowest and most primitive races of men are to be found in Aus-

tralasia, in the remoter districts of southern India and Ceylon, in the

Andaman Islands, in southwest and west central Africa and, as far as the

New World is concerned, in northern Brazil. These are the regions most

remote, so far as practicable travel-routes are concerned, from Central

Asia. A century ago, the present habitat of primitive races was taken to

be approximately the primeval home of man. With our present under-

standing of the conditions and causes of migration, a theory more in ac-

cord with tradition and history is generally accepted, and the dispersal

center of man is regarded as situated in central or southern Asia. The

influence of the old opinion is perhaps seen in the tendency to place this

region south of the great Himalayan ridge and in tropical or semi-trop-

ical climate.

This last assumption—that man is primarily adapted to a tropical cli-

mate—is, I think, only partly true at best. Its general acceptance is

perhaps due, among other reasons, to the supposed relation between loss

of hair on the body and the wearing of clothes, the first being regarded as

an earlier specialization in an environment of tropical forests, the second

as a secondary adaptation resulting from migration to a cold climate.

But here, it seems to me, we are putting the cart before the horse. We
may more reasonably regard the loss of hair in the human species as a

result of wearing clothes and conditioned by this habit, rather than attrib-

ute it to any climatic conditions. This view is supported by several points
in which the loss of hair in man is differentiated from the partial or com-

plete loss of hair common in tropical animals, the following two being
most clearly significant.

1) It is accompanied by an exceptional and progressive delicacy of skin,

quite unsuited to travel in tropical forests. 1 do not know of any thin-haired

or hairless tropical animal whose skin is not more or less thickened for pro-
tection against chafing, the attacks of in.sects, etc.

2) The loss is most complete on the back and abdomen. The arms and the

legs and, in the male, the chest, retain hair much more persistently. This is
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jnst wliiit would naturjilly hapiK'ii if tho loss of hair wcro due to tiu; weariufr

of clotlu's,
—at lirst and for a Ioii.lc time, a slviii tlirowii over tlie sliou'.dor.s and

tied around tlic waist. But if the loss of iiair were coiiditionod by dinitite it

should, as it invariably docs among animals, disappear first on the under side

of the body and the limbs and be retained lon^'est on tlie l)aek and shoulders.

It will not be questioned tliat the higher races of man are adapted to

a cool-temperate climate, and to an cnvirdiiment rather of open grassy

plains than of dense moist forests. In such couditinus they roach their

highest physical, mental and social attainments. In the tropical and

especially in the moist tropical environment, the physique is poor, the

death rate is higli, it is dillicult to work vigorously or continuously, and

especial and unusual precautions are necessary for protection from dis-

eases and enemies against which no natural immunity exists and which

are absent from tlie colder and drier ('n\ ironment.

This lack of adaptation to tropical ch'mate is also ti'ue, aHliougli to a

less degree, of the lower races of man. Aithougli tiom prolonged resi-

dence in tropical climate they have acquired a partial immunity from the

environment so unfavorable to the newcomer, yet it is by no means com-

plete. The most thoroughly acclimatized race—tiie negro
—reaches his

highest physical development not in the great equatorial forests but in the

drier and cooler highlands of eastern Africa; and when transported to

the temperate United States, tlie West Coast negro yet finds the environ-

ment a more favorable one than that to which his ancestors have been

endeavoring for thousands of years to accustom themselves. In tropical

South America, the Indians, as Bates long ago remarked, seem very im-

perfectly acclimatized and suffer severely from the hot moist weather;

much more than the negroes, whose adaptation to tropical climate has

been a much longer one.

In view of the data obtainable from historical record, from tradition,

from the present geographical distribution of higher and lower races of

men, from the physical and physiological adaptation of all and especially

of the higher races, it seems fair to conclude that the center of dispersal

of mankind in prehistoric times was central Asia north of the great Hima-

layan ranges, and that wlu'ii by progressive aridity that region became

desert it was transferred to the regions bordering it to the east, soutli and

west. We may further assume that the environment in which man ]iri-

marily evolved was not a moist or tropical climate, but a temperate and

more or less arid one, progressively cold and dry during the course of his

evolution. In this region and under these conditions, the race first at-

tained a dominance which enabled it to spread out in successive waves of
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migration to the most remote parts of the earth. The great mountain

ranges to the south impeded migration in this direction, while to east and

northeast, west and northwest, migration was easy and rapid. Reaching

the New World by way of the Alaskan bridge, the long uninterrupted

chain of the Cordilleras facilitated migration along their flanks to the

farthest limits of South America.

There is little evidence if any, in the New World, of any migrations of

inferior races long preceding those of the Amerind tribes, which would

seem to have branched off at a moderately high stage in the evolution of

mankind. Per contra, we find in South Africa, in Australia, in penin-

sular India and elsewhere, remnants of what must have been an early

cycle of migrations. Each group of this early cycle, derived primarily

from a difterent part of the central region of dispersal, has specialized

further in proportion to its isolation and yet retains a predominance of

the common primitive characters representing the stage of development

attained when it left the dispersal center. The populating of Africa by

the negroes may be regarded as the latest phase of this early cycle of dis-

persal, or should perhaps be considered independently.

The later development of the race is conditioned by its splitting in the

region of dispersal into an eastern or Mongolian and a western or Cau-

casian stock. This split was presumably conditioned by the east-west

elongation of the dispersal center caused by the facility of expansion in

these directions and the mountain barriers to the south. All the east-

ward migrations from this time on bear a distinctly Mongolian stamp.

An early phase of this stage is represented by the population of the New
World and the variously mixed Malayan peoples. A later phase appears

in the more typical Mongolian races. All the westward migrations, on

the other hand, are of Caucasian affinities, this stock splitting, as the re-

gion of favorable environment widened out M^estward, into northeastern

or Nordic, southwestern or Mediterranean groups. The peoples of north-

ern Europe are derived from the successive migration waves of the first,

those of southern Europe and northeast Africa from the second; the in-

termediate Alpine stock of central Europe is considered to represent a

somewhat older migration allied to the Slavic peoples, who are to-day

the principal population of eastern Europe, the latest cycle of Caucasian

dispersal.

I have gone into tliis brief recital of the migTation and dispersal his-

tory of mankind, not to present anything novel or authoritative, but be-

cause we have more evidence, direct and indirect, and more insight into

the conditions and causes which controlled its course, than with anv other
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race of mammals. I believe that these controllmg causes have been sub-

stantially the same in the lower animals as in man and their methods

and routes of dispersal largely identical.*''

PRIMATES

We have seen that the dispersal center of jnan is in central Asia; that,

in the present distribution, the survivors of the earliest cycle are found

Fig. 7.—Dispersal of the Primates

The marginal position of the modern lemurs, the jjrogressive disappearance of the order

from the more central regions which it formerly inhabited are clearly shown.

in Africa, peninsular India, the East Indies and Australia; that the

populating of the New World belongs to a later cycle of distribution,

and we have no good evidence that the earlier cycle ever reached it ; that

the dominant migration in the Old World has been east and west, prog-

ress to the south being hindered by the transverse mountain system to

the south of which more primitive types long survived, while in the New
World the dominant line of migration has been to the southward from

Alaska, and eastward migration has been slower.

•" One notes, too, the same fallacy in interpreting the data ; some authors are disposed
to place the center of dispersal of European races or lauijuages in western Europe or in

northern Africa because they find there the most primitive surviving races or languages.



MATTHEW, CLIMATE AND EVOLUTION 215

• In the living Primates we have survivors of pre-human stages in the

evolution of man, specialized to a varying extent in different directions

from him, so that they have not come into direct rivalry with him, and

have hence survived.

The latest infra-human cycle is represented by the anthropoid apes,

surviving to-day in the forests of West Africa and of the East Indies.

We may suppose that these are remnants of a cycle of dispersal from a

central Asiatic source, but we have no sufficient data to define its extent

or time, except as late Tertiary and probably limited to Arctogsea.

Nearest to man in intelligence and habits, this cycle has been swept out

of existence, except for the few members which were or became adapted.

LIVING AND EXTINCT GROUPS OF PRIMATES
N5ECT
IVORA

Pig. 8.—Phylogenetic relations of the living and extinct groups of Primates

The circles indicate the size and known geological raoge of the several groups, the
dotted lines their most pi-obable derivation. Their supposed relations to certain Insectiv-

ora and intermediate extinct groups are also indicated.

as our o^ni ancestors were not, to tropical forest life. The arboreal

habitat may be interpreted as a partial reversion. The doubtful and

fragmentary remains of anthropoid apes in the Pliocene of Europe and

of northern India are about all that the geological record has to state in

regard to the former distribution of this cycle.

The next lower cycle is that of the monkeys and baboons of the Old

World, and as a very doubtful early phase, the New World monkeys.
The Old World monkeys inhabit most of Africa, India and the East

Indies. To the northeast they extend to southern Japan. Closely re-

lated forms are found in the late Miocene of central and southern Eu-
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rope, in the Pliocene ol" India, in the .so-called riioceue (which may be

Miocene) of China. These may all be referred to a central Asiatic

source. The dispersal of this cycle must date back at least to the be-

ginning of the Oligocene, for it had reached as far as Eg}'pt at the date

of the Fayum fauna as shown by Schlosser's recent discoveries.*^ With

the New World monkeys, the evidence seems rather to point to inde-

pendent evolution in South America from early Tertiary Primates of an

Eocene cycle of dispersal. For no remains of Primates have been dis-

covered in any Oligocene or later formation in the United States, while

the later Tertiary formations of the Argentine have yielded remains of

a number of Primates apparently intermediate between Eocene lemurs

and South American monkeys.

The oldest cycle of primate dispersal is that represented by the lemurs.

These are now most abundant in Madagascar; a few^ exist in west and

central Africa, peninsular India and the East Indies. Lemuroid pri-

mates, lacking certain specialized characters of modem lemurs but other-

wise closely related, and equivalent in stage of development, are found

abundantly in the Eocene of Europe and the United States. They are

very doubtfully represented in the early Tertiary fomiations of the

Argentine. We know too little of the Tertiary of other parts of the

world to make any inference as to the extent of their distribution at

that time, or the course of its subsequent changes. Tliey disappear in

Europe and North America at the end of the Eocene; in South America,

they may have evolved into New World monkeys, while in the Old World

they must have given rise to the higher primates. It is reasonably cer-

tain that the theater of their evolution was not Europe, and although

they are not known in the Oligocene Fayiim fauna of Eg}'pt, we may
doubtfully suppose that they had reached that continent at some time

dnring the Eocene. Madagascar most probably received its lemurs from

Africa, but it is reasonable to suppose that only a single type, allied to

the Eocene AdapidiE, reached the island, and in the favorable environ-

ment radiated out into a Dumber of diverse adaptations taking the place

of various mammal groups not present in the island fauna.

Fi'oni the fnct that the luiro])can and North American lemurs are in

an equivalent stage of development, although not very closely related,

we may fairly infer that they were derived very early in the Tertiary

from an intermediate center of dispersal, presumably Asia north of the

Himalavas.

"Max SfiiLO.s.sF.R : "Beitrilsre ziir Keimtuiss der OIi<roz:inen I^andsiiugethieren aus dem
Fayum Acgypten," Beit, zur Pal. ii. Oeol. Oest-Uiig.. D'd xxiv. s. .52. 1012.
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CARNIVOHA

Thie modern land Carnivora are spread over all the great continents

except Australia, where a single species of wild dog, probably introduced

by man, is their only representative. They are found equally in all the

•continental islands (i. e., those included within the continental shelf

border), and a few have reached Madagascar and other large oceanic

islands.

Fig. 9.—Distribution of tlie modern Caniilw

The jackals (Ethiopian and Oriental) are slightly more primitive than the true wolves

and foxes ; the Neotropical "Dog-foxes" more distinctly so. Cyon, Icticyon and Lycaon

appear to be dispersed remnants of an aberrant group formerly Ilolarctic ; the ancestry

of the more typical Canida^ is also found in Tlolarctica.

The order is unquestionably of Holarrtie origin. Primitive Carnivora

(Creodonta) are abundant in all the earlier Tertiary formations of Eu-

rope and Xorth America, one group (Miacida^) ancestral to the higher

Carnivora (Fissipedia), others which became extinct during the Oligo-

cene. True fissipede Carnivora first appear in the Upper Eocene in

Europe and North America and differentiate into the diverse modern

types through the remainder of the Tertiary. They did nut reach South
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America until the Pliocene, llieir place being supplied uj) lu llial lime

by carnivorous marsupials. In Australia, their place is still taken by
carnivorous marsupials. In Africa, primitive Carnivora (ereodonta)

appear in the Oligocene, represented only by the extinct family of hyasno-

donts, all of them derivable from Eocene hyaenodonts of the Holarctic

region; but the contemporary Holarctic JFissipedia had not yet reached

Africa.

The modern land Carnivora are divided into seven families, each rep-

resenting one or more broad phyla. The various divergent adaptations

of the phyla and secondary re-adaptations of subpliyla have brought

about an amount of convergence and parallelism which makes it difficult

to disentangle or to state accurately the true genetic relationship in any
tei-ms of classification. Some of the phyla are Holarctic, others Palse-

arctic or Nearctic. In all of them, we find the most primitive modern

survivors in the tropical regions, the most advanced types in the Holarctic.

Canidd.—The Canida are the most cosmopolitan family of the order.

Tl is also the most progressive family in its adaptation to the open plains

and arid climate of the great modern continents. The gradual adapta-
tion of the race to these conditions from primitive arboreal forest-living

ancestors can be traced through successive stages in the Tertiary forma-

tions of Europe and North America, but most completely in the latter

country. The lengthening of the limbs and their adaptation for swift

running, the reduction of the long balancing tail to a short comparatively

unimportant organ, the perfection of the shearing and crushing teeth

and, especially, the steady increase of brain capacity are the chief lines

of progress. While most of the surviving Canida? conform pretty closely

to a single type, we find a tendency among their Tertiary ancestors to

branch off on the one hand into more predaceous, on the other into more

omnivorous types. Most of these have disappeared, but in the Oriental

Ethiopian and Neotropical regions we find in the genera Cyon, Icticyon
and Lycaon survivors of a more predaceous group which is known from

the Oligocene and Miocene of the Holarctic region. This group has-

disappeared from Holarctica by the end of the Tertiary; two or three

representatives are found in the Pleistocene of South America. Among
the more typical modern dogs, the wolves and foxes are the most pro-

gressive types, the jackals slightly less so, the African fennec retains

most nearly the primitive long tail, the South African Oiocyon, while

anomalous in possessing an extra molar tooth, is likewise normally primi-

tive in several characters and the Neotropical "dog-foxes'^ show a marked

resemblance in many details to the late Tertiary Canida^ of North Amer-
ica. The fact that the Canida? are preeminently adapted to open country
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and more or less arid climate is of primaiy importance in explaining

their present do^minance and cosmopolitanism, their close association with

man, their absence from Madagascar and other oceanic islands; and it

makes it most probable that the introduction of the dingo to Australia

was through human agency although undoubtedly as early as the late

Pleistocene. In their adaptation and distribution this family of Car-

nivora largely parallels the Equidffi among Perissodactyla.

Table II.—Distrihution of the Canidw
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Procyonidw.
—The family Procyonidte includes a member of omnivor-

ous specializations from the central phylum now represented by the

Canidae. All of them are arboreal, partly retaining and partly reverting

to the primitive mode of life in this respect. They are mainly jSTeotrop-

FiG. 10.—Distribution of the Procyonidw and Viverrida', formerly Nearctic and

Palwarctic, hut now surviving chiefly in the peripheral regions

The geographical position of Aeliirus Is anomalous for a member of the Procyonlda?, to

which family it Is usually referred. Its true affinities, however, are doubtful.

leal, but the raccoon, the most dog-like of the family, survives as far

north as the Sonoran region. The panda of the Himalayas is usually

placed with Procyonidse, but its true affinity is not very clear.
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Table III.—Distribution of the Procyonida:
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from a Palsearctic source. The most primitive bears first appear in the

Miocene of Europe; in tlic Xew A\'orkl, they first appear in the Pleisto-

cene. They are to-day chiefly Tlolarctic : the single South American

species is distinctly primitive; the Oriental sun-bear and sloth-bear are

partly aberrant, partly primitive. The Thibetan J'Jluropus is aberrant

and specialized ;
its relation to the typical Ursidce is not very close.

Viverrida'.—The Yiverrida} are now almost exclusively Oriental and

Ethiopian and have conserved the primitive type more than any otlier



MATTHEW, CLIMATE AND EVOLUTION 233

The primitive character of the viverriiies is especially seen in their

imperfect differentiation of shearing and crashing back teeth, their

rather short limbs, long bodies, long tails and relatively small brain

capacity.

Hycenida'.
—The family Hya-nidro is generally regarded as a specialized

offshoot from the Viverrids and is apparently connected with the Euro-

pean Miocene viverrids by a series of intermediate forms. The latest

development of the race, the genns Hycena, inhabited Enrope and Cen-

tral Asia and China in the Pliocene and Pleistocene bnt is now found

only in India, Africa and southwestern Asia.

Felida.—The Felidte are almost as cosmopolitan as the clogs and are

even more uniform in type, the cheetah being the only marked living

variant. A notably different specialization is shown in the extinct

machferodonts or sabre-tooth tigers, and in the Tertiary sequence in

Europe and America we find approximate genetic series, parallel in the

two countries, by which the true cats and machrerodonts converge towards

a common primitive type, in which the upper canines are moderately

elongated. According to this phylogeny, the clouded tiger of Sumatra

and Java is the most primitive living felid, while the double series in

Europe on one hand and North America on the other, would indicate

northern Asia as the center of dispersal of the race. The range of some
of the modern species is very great. The puma extends in the New
World from Alaska to Patagonia, the tiger in the Old World from Man-
churia to Java. We may note, however, that the tiger is regarded by
Blanford as a recent immigrant into southern India; while, on the other

hand, it is known that the northern range of the lion has been pro-

gressively restricted during prehistoric and historic times from northern

Europe to its present limits of southwestern Asia and Africa.

PINNIPEDIA

When dealing with littoral and marine mammals we must expect to

find the conditions of their evolution somewhat different. If the hypoth-
esis be valid that the progressive refrigeration of the polar regions was
the dominant cause of evolutionary progress and geographic dispersal,
an examination of the map will show that the xirctic-North Atlantic basin

affords the most favorable region. The Arctic basin centers around the

pole, and a broad shelf of shallow water encircles it, extending as far

south as latitude 45°. The North Pacific basin was closed to the north-
ward by the Alaskan land-bridge during a large part if not all of the

Tertiary, and its shores plunge suddenly to great depths, margined by
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higli mountains, affording less opportunity for expansional evolution of

the littoral fauna. The Antarctic continent appears equally unfavorable,

and dispersal from that center would also be hindered by the broad

stretches of ocean.

We may expect, therefore, to find the littoral fauna of the North At-

lantic most progressive, that of the North Pacific less so, the tropical

faunae containing many relict types of discontinuous distribution, and

the Antarctic faunas partly composed of types from the north which had

crossed the barrier of warm water when the climatic zones were less

differentiated than they now are; partly of groups developed in the south.

Whether these groups were closely allied on the different southern con-

tinental shores would depend on their ability to cross the great barriers

of deep ocean that separate them.

The distribution of the pinnipeds accords with these principles. The

most specialized family is the Phocidae, originating apparently in the

Atlantic-Arctic basin, where Phoca, the most progressive genus, is found

in the North Atlantic and Arctic seas and has penetrated into the North

Pacific as far as California and Japan. Southward in the Atlantic it is

succeeded by the less progressive Monaclius in the Mediterranean and

Antillean region. The Antarctic Phocidee are also primitive and archaic,

related more or less nearly to Monachus. In the Pliocene of Belgium
are found extinct genera closely related to Phoca and others more primi-

tive allied to Monachus.

The walruses, also Arctic and North Atlantic, have penetrated into

the North Pacific only as far as Bering Sea; they are likewise recorded

from the Pliocene of Northern Europe and along the North Atlantic in

the Pleistocene as far south as Virginia.

The third family, the Otariidse, is decidedly more primitive in struc-

ture, being less specialized for marine life. They are found in all the

southern seas and on the North Pacific coasts. They are unknown to

the North Atlantic and Arctic shores and have never been found fossil

in either Europe or eastern North America. Desmatophoca and Ponto-

leon of the Miocene of Oregon are perhaps ancestral types, but more

evidence is necessary before its North Pacific origin can be regarded as

satisfactorily indicated.

INSECTIVOKA

Among the Insectivora we deal with a number of very ancient races,

whose relationship is much more distant than in many other mammalian

orders. They are small, and most of the surviving members are scarce

and little known, while they are still less known as fossils. So far as
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we have any satisfactory evidence, the diflFerent races or most of them

appear to have originated in the Holarctic region and spread to the

southward. The most primitive division, the zalambdodonta, includes

four families, the Centetidge of Madagascar, Chrysochloridse of South

Africa, Potamogalidge of West Africa and Solenodontidge of Cuba. Fossil

zalambdodonts are found in the late Miocene in South x4.merica, in the

early Oligocene (and recently in the Basal Eocene) in Xorth America.

These indications are in conformity with the derivation of the group

Pig. 12.—Distribution of Soricidw (right to left shading) and of Talpidce (left to right

shading)

The less specialized Soricidse are more widely dispersed, the highly specialized Talpidae

limited to Holarctica. Ancestral types of both are found in the Tertiary of Europe and

North America, but the evidence as to their phylogeny is very scanty.

from very ancient Holarctic ancestors, the modern zalambdodonts being

the last surviving remnants of a dispersal from the north in early Ter-

tiary or possibly pre-Tertiary times. But the evidence is too slight to

be conclusive.

The hedgehogs are more clearly of Palsearctic origin, the most primi-

tive survivors being the East Indian Gymnura and Hylomys, while the

most progressive genus, Erinaceus, is Palsearctic and is preceded in the
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Oligocene and Miocene of Europe by more primitive ancestral forms. A

relatively primitive genus, Proterioc, occurs in the Oligocene of South

Dakota, as a contemporary with more progressive genera in the Oligocene

of Europe. The family is otherwise unknown in the New World.

The moles and shrews are also evidently of northern origin. Of the

two families, the Soricidip are more primitive in structure and have

spread more widely; the more specialized Talpidne are still limited to

Holarctica, and in the extreme north their exclusion from the areas of

permanently frozen subsoil has split their range into two disconnected

areas. The most progressive and abundant shrews are ITolarctic, while

the Oriental and African species (Crocidurinoe) retain some primitive

characters. Fossil moles and shrews in the middle Tertiary of Europe
and America indicate that the divergence between the two families was

not then so great as now. The modern genera are reported to occur

(but on inadequate evidence) as early as the Miocene in Europe and

America. Jaws of several minute talpoid genera are known from the

Middle and Lower Eocene of North America. They are unknown in the

extra-Holarctic Tertiary, but this negative evidence is of no weight in

view of their minute size and rarity.

The Tupaiidffi of the East Indies and Macroscelididas of Africa occupy
a somewhat anomalous position, since they are of higher type in brain

development than other Insectivora and in many respects are nearer to

the higher placental mammals.^^ Their distribution so remote from the

great northern dispersal center may perhaps best be accounted for by

considering the fact that their specializations, adaptations and habits of

life are of a less unusual kind than in most of the lower insectivores and

would bring them more directly into rivalry with certain groups of

rodents, with which they were unable to contend successfully and were

compelled to retreat southward in consequence. No fossil remains cer-

tainly referable to these families are known, although quite a number
of early Tertiary genera of Europe and North America have been or

might be provisionally referred to them.**-

There are a large number of primitive Insectivora in the Eocene of

North America and a few in Europe, which do not seem to be nearly
ancestral to any modern group but rather indicate that the order once

**This anomaly in distribution is now removed by tbe studies of Gregory and Elliott

Smith, which show that the true relations of Tupaia and presumably of Macroscelides,
are with the Primates, rather than with the Insectivora. Their geographic distribution
Is quite normal on this view of their affinities.

** Entomolestes of the Middle Eocene of North America is regarded by Dr. Gregory as

probably related to Tupaia, and a number of other small mammals from tbe Bridger and
Wasatch may be related to this group of Insectivora.
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took a much more important place in the mammahan faunae of the world

than it does now. This shoukl be kept in mind in considering the rela-

tions of tlie Insectivora.

CHIKOPTEKA

I am not sufficiently acquainted with modern Chiroptera to venture

an opinion as to whether or not their geographical distribution indicates

their place of origin, but I should not expect to find much satisfactory

evidence, as they are known to be of very ancient specialization and to

have gi-eater facilities for wide distribution than terrestrial animals.

Dr. Andersen,^^ in his recent Catalogue of the Chiroptera in the

British Museum, remarks: "The evidence afforded by the geographical

distribution of Bats has generally been considered of doubtful value;

hence they have either been entirely excluded from the material worked

out by zoogeographers, or at least treated with pronounced suspicion as

likely to be more or less unreliable documents of evidence. This un-

willingness or hesitation to place Bats on an equal zoogeographic footing

with non-flying Mammalia would seem to be due partly to the precon-

ceived idea that owing to their power of flight Bats must evidently have

been able easily to spread across barriers which in ordinary circumstances

are insuperable for wingless Mammalia; partly to the fact that hitherto

very often whole series of distinct forms have been concealed under one

technical name. . . ." [the author cites a series of instances of this

kind which] "tend to show that the present distribution of the Mega-

chiroptera has not been influenced to any great, and as a rule not to

any appreciable extent by their power of flight; if it had the Fruit-bat

fauna of islands could not so commonly as is actually the case differ

from that of a neighoring group or continent, and the tendency to dif-

ferentiation of insular species or forms would have been neutralized by
the free intercourse between neighboring faunas."

The belief that bats are more easily able to cross ocean barriers than

non-flying mammals is probably based, not on the preconceived idea that

they could, but upon the plain fact that they have done so far more

frequently. Birds and bats are found upon numerous oceanic islands

where no non-flying mammals, and very few non-flying animals at all,

exist. That they have wings and occasionally use them for so long a

journey, whether voluntarily or involuntarily, is a natural explanation.

I cannot see any other reasonable intei-pretation of the fact that they
are present and the terrestrial mammals absent in so many remote oceanic

*s K. Andersen : Catalogue of the Chiroptera in the British Museum, Vol. I, Megachi-
roptera, p. Ixxvi. 1912.
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islands. With bats, as with most birds, the intervening ocean acts as a

hindrance, but their wider distribution shows that it is less of a hindrance

than with terrestrial mammals.

RODENTIA

The abundant and dominant order of' Rodentia lends, in general,

strong support to the theories here advocated; but there are certain

serious difificulties which can be reconciled only by appealing to the im-

perfection of the geological record.

The rabbits and picas form a group apart, the former Nearctic, the

latter Pal^arctic since the Oligocene, and both Holarctic since the

Pleistocene, the rabbits having extended their range over most of the

Oriental region and a large part of the Ethiopian and Neotropical. A
single specimen is recorded as from the Pleistocene of South America;
their introduction to Australia is known to have been by civilized man.

Of the remaining rodents, the myomorph families are evidently of

Holarctic origin, as they first appear in Europe and N"orth America in

the Oligocene and the highest and most progressive modern types (e. g.,

Arvicolinse) are now Holarctic, while in the southern continents they
are unknown until the Pleistocene and various primitive survivals are

found still living in Oriental, Ethiopian and Neotropical regions. We
may note, however, that the very abundant and typical group of Cricetinge

has its most primitive living representatives in tropical regions, that as

we go south in South America^ the genera approximate more toward the

more specialized arvicoline type, in the same way that they do as we go
northward in the northern continents.**' Since there is no doubt that

the cricetines are of northern origin, appearing first in South America

in the Pliocene or Pleistocene, while they are common in the Holarctic

regions from the Oligocene to the present day, we must suppose that the

higher development of the Antarctic genera, to which Oldfield Thomas
has called attention, is a case of parallelism with that of the Arctic

genera and that the colder climate of the far south is the stimulus which

reversed the usual conditions of geographical distribution. A review of

the fauna of the Argentine as compared with that of tropical South

America tends to show, I think, that this condition is general throughout,
and that the fauna is more progressive and more nearly equivalent in

development to those of the northern world than is that of the intervening

tropical zone. This is equally true of autochthonic races and of those

which are demonstrably of northern origin. Compare distribution of the

*8 Oldfield Thomas.
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genera of Procyonidte, Canida, Cervidse, Tatuid^e and DasypodidiB among
mammals.

Among the sciuromorphs, the squirrels are of early appearance (Oligo-

cene) in the northern world but are now most abundant in the East

Indies. The more specialized and later appearing marmots are chiefly

Holarctic. The highly specialized beavers and pocket-gopliers are Hol-

arctic and Nearctic respectively, from their first appearance. A marked

exception to the rule is seen in the survival in the western Sonoran sub-

^ Qeomyidae.

;sN^Hetero ?ni/i'dde

Pedeti'dde

Anomaluru

Aynfestors of.

.(^eoini/ida'e
lund

He!eromyidae

Tertiary
^Therldomijtddi
?Anomalu

roideoj

Fig. 13.—Distribution of Geomyoidea, Anomalitriclw and Pedetidce

The Geomyoidea are of Nearctlc origin, but the more primitive Heteromyidse have

spread into part of South America. The Anomaluridae are thought to be the nearest

living relatives of the early Tertiary Theridomyidse. The Pedetidse are an aberrant

specialization, derived perhaps from the same group.

region of Aplodontia, the most primitive living sciuromorph in several

respects. I have no explanation to offer of this anomaly, save that we

have not yet balanced properly the essential qualities of progressiveness

among Eodentia.

Among the hystricomorphs, we find serious difficulties in the distribu-

tion. The most primitive living group is certainly the Anomaluridae

of West Africa; but, like the Pedetidae of South Africa, they offer a
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puzzling admixture oi' characters, which makes it doubtful whether they
should be reckoned as pertaining to the same stock as the other hystrico-

morphs. The remaining families, while chiefly South American, are

also partly represented in the Ethiopian, Oriental and Holarctic regions.

It may be possible, in view of the facts that the European Tlicridomyidae
antedate geologically any specialized hystricomorphs, are apparently di-

rectly intermediate between the primitive rodent type {Parann/s and its

allies) and the hystricomorphs and show the early stages of differentia-

tion of several hystricomorph families, that the Ilystriconiorplia are a

T'ertiary ancestors

of Eret/iizon t/dae

Fig. 14.—Distribution of the true porcupines (llystriculw) and Scic ^Vurld porcupines

(Erethisontidw)

The HystrlcldiB appear to be of Palaparcfic dispersal, the Erethizontldae are apparently
of Neotropical origin.

group of Holarctic origin which has spread into all the southern conti-

nents and specialized independently on parallel lines. But their entire

absence from the recorded North American Tertiary is then explainable

only by the defective record, and our knowledge of Xorth American Ter-

tiary rodents is so extensive that I should hardly regard this assumption

as justifiable. The fact that the highest and most specialized types are

South American necessarily involves the idea that that continent has

been the most important center of their later development and dispersal.
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and the alliance of the African to the South American genera and of

the New and Old World porcupines must be regarded as more remote

than it appears. Dispersal from South America by help of Antarctic

or transatlantic land-bridges will not solve the problems of their distri-

bution much better. The most specialized porcupines in most respects

are the hystricids of the Old World—late Tertiary in Europe, now chiefly

Oriental and African. The Nearctic porcupines (Eretliizon) are more

advanced in several features than the Neotropical (Synetheres). Yet

the ancestors of the New World porcupines at least occur in the late

Tertiary of South America and are absent or unrecorded from the Ter-

tiary of North America. The distribution of the Oetodontidse in Africa

and South America would possibly admit of being interpreted by parallel

development from theridomyid ancestors; but the parallelism must have

been singularly close, and the absence or non-recognition of Therido-

myidas from the North American Tertiaries appears surprising. I have

been unable to frame any hypothesis which will fit all the facts of distri-

bution in this group,*^ except by assuming that the South American

Hystricomorpha, which as Scott has shown are all clearly derived from

a single stock, reached South America from Africa in the Oligocene by
over-sea raft transportation. This involves so long a voyage that I hesi-

tate to accept it as a reasonable probability, even though the winds and

currents would obviously favor transportation in this direction.

The Hystricidse may fairly be assumed as of Old World origin, and

probably Palaearctic, since they are represented in the later Tertiary of

Europe and are unknown in the New World. The Erethizontidae must

apparently be derived from South America, since they are unknown in

the Old World, and unknown in the North American Tertiary, while

Steiromys of the Patagonian Miocene appears to be ancestral.

The primary type of the simplicidentate rodents, as I have elsewhere

shown,*^ must be regarded as being represented by the Ischyromyidse of

the American and European Eocene, in particular by Paramys and Sciu-

ravus. All other rodents may be derived from this group by divergent,

parallel and in some respects convergent evolution. Modern rodents rep-

resent a great number of independent derivations from this primary

stock, their association into sections and families being to a considerable

extent artificial.

'' The hypothesis of migration to or from South America across a land-bridge from
Africa to Brazil is equally unsatisfactory as an attempt to explain the relations of the

hystrlcomorph families and is entirely at variance with tlie evolution and distribution of

other mammalian orders, besides being highly improbable on isostatic grounds. The
supposed evidence in Its favor from lower vertebrates and invertebrates is due, so far as
I have been able to examine it, to a laclc of appreciation of the principles of dispersal
of races and of parallelism and of tlie imperfection of the geological record.

•^ "Osteology and Relationship of Paramys and Affinities of the Ischyromyidie," Bull.

Am. Mus. Nat. Hist., vol. xxviii, p. 43-71. 1010.
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There are no rodents in the Notostylops Beds of South America (Eo-

cene) ; presumably therefore none in preceding epochs. There are none

in the Paleocene of Europe and N^orth America; presumably therefore

their sudden appearance in the true Eocene of these regions was due to

migration from some other region, equidistant from either, as their de-

velopment is almost equivalent in the two,
—therefore probably Asia.

The few Theridomyidse of the Oligocene of Africa are rather primitive

forms, certainly not more progressive than their contemporary relatives

yy/^ Octodontida'e

\\\^ Dasi^proctLcia'e

^IZZ Chinc/ii/Iidai.

Ill Caviida'c

JVo Tertiary

Hi/strico-
—

yf^

JT/icridoinyidac

: In
Oh'yoce?-!e.

Miocent 077cestors of
Octodoiits ,

Chlnchillids and Cgi/iids

Fig. 15.—Distribution of the Neotropical families of Ilystricomorphx

The Octodontidw are also found in Africa, and tlio Tlieridomyidir of the early Tertiary

of Europe are apparently ancestral to these families of the Hystricomorpha.

pothesis satisfactorily explains the accepted relationship and distribution.

No hy-

in Europe, affording thus a slight indication that they were Palffiarctic

immigrants. In Australia the evolution of IMarsupial analogues of the

more abundant rodent types of Arctoga^a affords strong evidence that the

true rodents were absent from Notogfca until the end of the Tertiary; a

view confirmed by the limited amount of adaptive radiation which the

invading Muridro have undergone in that continent up to the present day.

The Australian Murida3 can only be accounted for by over-sea transpor-

tation, for the family appeared and evolved during the middle and later

Tertiary, and the peculiarities of the Australian fauna are explained by

all writers as due to isolation extending throngli tbe Tertiary period.
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Table IV.—Distribution of the Rodents
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PEEISSODACTYLA

The ordel Perissodactyla is represented to-day by three widely sepa-

rated families—the rhinoceroses, Ethiopian and Oriental
;

the tapirs,

Neotropical and Oriental, and tlio horses, Asiatic and Ethiopian. The
last group is the most progressive and moilernized, but the whole order

must be regarded as having seen its best days and as passing towards ex-

tinction in competition with the better organized and more adaptable

FtG. IG.—Dispersal and distribution of the Perissodactyla

The tapirs are on the whole the most primitive and their i)resent distribution widely
discontinuous. The rhinoceroses are less widely dispersed and the horses the most cen-

tral in their present distribution. All were inhabitants of Tertiary Holarctica, but their

dispersal centers appear to have been Pahearctlc, as indicated.

Artiodactyla. The geological record affords abundant evidence of the

Holarctic origin of all the Perissodactyla. The ancestry of each race can

be traced back in the Tertiary faimre of Europe and the United States,

in a series of approximately ancestral stages, sometimes closer in one re-

gion, sometimes in the other, to a group of closely allied primitive peris-

sodactyls in the early Eocene of l)oth countries. In South America, the

order is unknown until the late Pliocene and Pleistocene. In other re-
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gioiis we know too little of the early Tertiary faunae to say when the

perissoflactyls first appeared, but they are absent from the Oligocene

fauna of Egypt, from the Pleistocene and modern faunae of Australia

and of all oceanic islands. This accords with the natural inference from

their size, proportions and habits that they would be strictly limited by

land connection in their geographic distribution.

Besides the surviving groups, the early perissodactyls gave rise to sev-

eral extinct families, the lophiodonts, palaiotheres, titanotheres and chali-

Liarif ancestors
o/' Horses,

n 'a.fe Tertiarij

until Ph/s to ce-ne^

Fig. 17.—Distrthution of Equidce, living (solid Mack) and Pleistocene (shaded)

Early Tertiary ancestors are found In Nearctic and Palsearctic regions. The American

series is more direct than that of Europe until the late Tertiary. This and other con-

siderations indicate the center of dispersal as in northeastern Asia or northwestern

Xorth America.

cotheres, none of which are known to have invaded the southern conti-

nents.

Equida'.
—The Ijest known phylum of the order, that of the horses, is

certainly not a direct genetic succession, as regards known species, but

approximately so as regards the known genera. The successive genera

are progressively more specialized in accordance with their geological
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sequence. They arc i(lriiti\-al or closrlv allicil in the European and North

American sequeDce. In North America, the series is more complete, the

approximation to a direct genetic sequence is ch)ser and the successive

stages api)ear earlier in time. This is reasonably interpreted by suppos-

ing that the center of dispersal was intermediate between Europe and the

western United States but nearer to the lattei-. That is to say, it was

either in boreal North America or in nortlieastci-n Asia. The absence of

S)nall 4-7baiNorse<> S7na// 5-Totd Larger d'Toed Lar,^e. /~ToedHorsei

TERTIARY PERIOD
Paleocen; eocene epoch OLrCOCENE M I OCENE

QUATERNARY
PLIOCENE PLEISrOCENE RECENT

Eo/iippus .

Orokippus

Epihippus

Mcsohippui

Miontppus

"Anc/iith'ni

AncnMerium

Hupohippus

Paranippui

Merucnippui

Protohippus

Pliohippus

Hippidcum

[Eu-ropt and North Americ^j
'_ -'ft-^^B^- 1 (North }/^merica) \

j

- -^H {AfortM 4mfnca) |

__) -^^1^^^^ ^Nort/i Am^r/ca.)

__4- |.
__ '^-^1^^ (North A\77er/caJ

{North America)} 4\i<^

__!_-_ ^Europc)_ J
^^-Hi

'

[North America ^Asia and Europe.)\. _^\

. ! (North A77iertea.)
'

(North Amertca.)_:_A^^
'

(North A7verua)_^
: 3m_

(North America.J_\_ _\ ^-^

{South Am\ertca)^_ L _ ii-

I

r

Onohippidiun
' _

Hipparion

E^uus

(North America. , Ana , Europe and North yifriea)ju\

^orth a^nd South America. ,Asia. , Europe .and Africa)_ Jf^-^

J I L_

_ (South Amhtca.)_:.

Fig. 18.—Oeoloyk- range and phylogeiielic relations of fossil Eqi;iii(r

The overlap in geologic range of the genera, and the sudden appearance of each new
stage, indicate that our record is not derived from the center of disper.«al uf the race;

although the American series is sufficiently direct to indicate that it was not very remote.

primitive survivors of the race in the East Indies is natural; as the horses

were very early adapted to open plains, unfitted Tor mountain or forest

habitat, the great transverse Himalayan chain would form an almost im-

passable barrier and the heavily forested regions of the East Indies would

have no attractions to tempt the ancestral liorses to pass around its east-

ern end.
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Table Y.—Distribution of the Equida-
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Tapiridop.
—The tapirs are the most primitive living perissodactyle,

retaining the primitive number of digits in fore and hind feet and the

primitive short-cro^\^led grinding teeth. They are to-day limited to the

East Indies and tropical America. In the Pleistocene, they inhabited

the Sonoran region and continental India and the marginal parts of the

Palffiarctic region. Their Tertiary ancestry has been traced back in Eu-

rope and in North America to the Oligocene Protapirus, which is pre-

ceded by a less direct ancestral series in the Eocene of North America;

JV^ Tapirs .

U7i//Y Plei'stbcejTc

Fig. 19.—Distribution of the Tapirs living (solid hlack) and Pleistocene (shaded)

Ancestral types are found in the Tertiary formations of Europe and North America.

The relations of the two series and the Pleistocene and modern distribution indicate a

dispersal center in eastern Asia.

l)ut ancestral tapirs have not been identified in the Eocene of Europe.

The data are insufficient to determine the center of dispersal except as

probably in the Palsearctic region. Tapirs are imknown in South Amer-

ica until the Pampean (Pleistocene) ; they do not appear to have reached

Africa at all. The arid climate of the Afro-Asiatic connection and the

heavily forested path of migration to the East Indies would seem to be

the features that determined the dispersal of the horses into Africa, the

tapirs into Malaysia.
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Table VI.—Distribution of the Tapiridce
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Rhinoccrotida.—The rhinoceroses are intermediate between horses and

tapirs in adaptation. The Tertiary history of the group is much the

same, approximate series being found in Europe and North America as

far back as the Oligoeene or Eocene, but the phyla are less direct and

complete, and there is a greater diversity of type among them. The

Paltrarctic series appear to be more direct, and ibis, in connection with

the fact that the race never reached South A!nerica, may be taken to indi-

cate that the center of dispersal was Paltearctic rather than Xearctic, less

northerly than that of the horses, less easterly than that of the tapirs.

At all events, the relations of the later Tertiary rhinoceroses indicate that

North America was much more remote from the center of dispersal than

Europe, while southwestern Asia was very close to it.

Table VII.—Distribution of Rhinoceroses
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^VETIODACTYLA

The great and diverse order of artiodactyla can fairly be regarded as

of Holarctic origin as a whole. Its distribution can most readily be con-

sidered group by group.

Pigs and Peccaries.—These two groups are characteristic of the Old

and Xew World respectively. The pigs are now chiefly Ethiopian and

Oriental, the peccaries Neotropical in distribution. The peccaries first

reached South America in the Pleistocene and ranged throughout the

ancesTertiaru

of peccariesi

No peccaries Ltnti'/

'Plei'stocei-ie.

?l77tro£^ucec(

y

Fig. 21.—Distribution of pigs and peccaries

In Old World, broken shading Siis only ; full shading, other genera. In New World,
full shading Dicotyies. The dispersal center of Dicotylidse was Nearctic, of SuidiP Palae-

arctic. The living South American genus is more primitive than the Pleistocene genera
of North America, Platiifjoniis and Mylohyus (the Pleistocene North American species
referred to Ditotyles are all lliilohyiis) .

United States from the Oligocene to as late as the Pleistocene. Pigs
Avere common in the Oligocene and later Tertiary in Europe and were

present in India in the Miocene, probably earlier. The Tertiary ancestry

of the pigs in Europe can be traced back to a common ancestral group
in the Eocene^ and the same is true of the peccaries in the western United

States.
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Table VII'I.—Distribution of the Fujx muJ Peccaries
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were in different parts of the northern world, as we have seen among tlie

Perissodactyl groups.

The camels appear to have been of American origin. An ancestral

series is found in the Tertiary of the western United States, going as far

back as the Upper Eocene.^" In the Old World, they first appear in the

Pliocene; in South America, in the Pleistocene (Pampean) ;
and the

Fig. 22.—The disijersal center of the VaineUdw was in North America

They reached the Old World in the Pliocene, South America in the Pleistocene. They
survive on the margins of their range but became extinct in North America early in the
Pleistocene. North American Pleistocene camels were more advanced than the living

types of the marginal areas.

camels of the Pleistocene in North America were about as specialized on

the whole as the living llamas of South America or the camels of Africa

and Asia. In North America, the race is now extinct. The center of

dispersal would appear to have been in this continent,—how far to the

north we have no means of estimating; but the exceptional directness of

the phylogenetic series as represented by our western fossils indicates, in

my opinion, that these fossils lived in or close to the racial dispersal
center.

" It forms a singularly direct and complete phylum, so supercharged with intermediate
and connecting forms that it is very difficult to classify and arrange the fossils into

species and genera, while every gradation of structural evolution is abundantly illus-

trated.
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Tapj.k IX.— Di.striljtitioH of tin- Caiiid-s
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In the later Oligoeene of Europe and the Miocene of the United States

appear more definitely deer-like types {Dremotheriuni, Blastomeryx) ,

and in the succeeding formations we find progressively higher types of

deer in Europe and North America, but always appearing earlier in the

Old World. The deer—excepting the isolated primitive survival repre-

sented by the "water-chevrotain," closely related to Dorcatherium, a

Miocene genus in Europe—have not reached the Ethiopian region, but

77tid-Tcrtiaru Cerv/.

in. laTer T'erfi'a

Cervidae. in

later Tertiarij

/Yb Cervidae

until Plet's toe 6716
Huae moscA us

(cf.J)orcal/>'m)

'Ran^ifer,Alces,
Ceri/us cancLdensiS and aItiiS

>S^^ Ot/ier Cervidde ^prirnitd^t ty/jcs jnostty
i>z tropics

Fig. 23.—Distribution of Cerridop and pro-Cervid Tragulidw

The liighest and latest appearing types are stlU confined to the circum-Arctic regions ;

the genera of the more peripheral regions are more primitive. The earliest and most
direct ancestral series is found in Europe and Asia ; the parallel series in North America
is less direct and more retarded. A primitive survival is found in West Africa, pro-

tected by the desert from competition of higher types.

were easily able to reach ISTorth America in the Pleistocene. I take it,

therefore, that their center of dispersal was well to the east and north in

Asia (cf. horses). Their migration into the Ethiopian region was checked

after the Miocene by the progressive aridity of the desert region between.
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which served as a barrier to these forest-living ruminants, although not

to the plains-living antelopes.

Table X.—Distribution of Tragulidw proper
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T.VBLE XT.—Distribution of Cervidw and Pro-Cervid TraguUnes
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west and south in Asia (c/. rhinoceroses). The sheep and goats are a

comparatively recent development of the highest antelopes and must be

assigned a center of dispersal somewhat more to the nortli.

The cattle are of comparati\el\- recent appearance in Europe, as also

in America. Judging from their present distribution, one would say
that their center of dispersal was in southeastern Asia, the southward

slopes of the Himalayas.
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Table ^ll.^-J)istribution of Bovidcc und AiUitocaijridiC
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Table XIII.—Distribution of Giraffidw
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Besides these surviving groups of ruminants, there are several groups
which have not survived. The anthracotheres are one of the earliest of

these specialized races; I have elsewhere''® detailed the data upon which

may be predicated a North Asiatic center of dispersal for this group.
The living hippopotami sliow a modicum of resemblances to this type,
which may mean that they are derived from some early members of it.

Their present habitat is Ethiopian; but in ^;he Pliocene and Pleistocene

their range was far to the Jiorthward- -even as far as England on one

//// Jii'ppopotaini /

Mo(^ern Mifpo^

Fig. 26.—Distribution of the Anthracotheres and Hippopotiuni

The Anthracotheres were a large and widely dispersed group in the Oligocene and

Miocene, especially in the Old World, but found also in the Oligocene of North America.

The Hippopotami apix'ar to bo specialized survivors from the same stock ; they are con-

fined to the Old World and their range has been greatly restricted since Pliocene and
Pleistocene.

hand and northern India on the other. While the present distribution

of the large hippopotamus is Central Africa, smaller and more primitive

precursors have been stranded on the one side in West Africa, on the

other (now extinct) in Madagascar and also found refuge in the Mediter-

ranean islands until the Pleistocene. (The aquatic habits of the hippo-

s' Bull. A. M. N. II., vol. xxvl, pp. 1-7. 1009.
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potamus have enabled it to reach these island retreats more easily than

terrestrial competitors. )

Table XIV.—Distribution of Anthracotheres and Hippotami



254 ANNALS NEW YORK ACADEMY OF SCIENCES

States in the beginiiing of the Oligoeene, without direct ancestry in either

continent, and is regarded by Peterson*^* as probably from an Asiatic

source.

NON - RUM I N A N T 5
PECCARIES- PIGSHIPPOPOT<^WI ANTF L Of t S CAr T L L

PROCRESSIVC EI/OLUTION

OF THE

HIGHER CROUPS OF RUMINANTS

NEOTROPIC/^L NE/ARCTIC PfiUtARCT/C ETM'OPIAnWoK/FNTAL

Fig. 27.—Phylogeiiy and distributjon of the Artiodactyla

Most of the families appear to liave originated in the Nearctic or Pala?arctic region
and spread thence outwardly to the more peripheral regions. The higher types are of

more recent origin and are still dominant in the Holarctica.

TROBOSCIDEA

The later Tertiary and Quaternary history of the mastodons and ele-

phants agrees with the various groups that we have been considering in

indicating Asia as the center of distribution of the race. Elephants are

now limited to the Ethiopian and Oriental regions, but in the Pleisto-

cene their range was over the whole of Europe, Asia and North America,

as well as Africa. The northern species, although of smaller size, are

more progressive than the southern species in the specialization of the

teeth, proportionate length of tusks, shortening of skull with concomitant

elongation of trunk. The more primitive mastodons first appear in India

in the Oligoeene, in Europe in the lower Miocene, in North America in

the middle Miocene. The intermediate stages leading to the mammoths
and elephants are best shown in the Pliocene and Pleistocene of India

;
a

less exact series may be found in N orth America. The mastodons reached

South America in the Pleistocene; the mammoths and elephants never

reached that continent. The earlier stages in the phylogeny of the Pro-

** O. A. Peter.sox : Mem. Carn. Mus., vol. iv, pp. 145-148. 1909.
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boscidea have not, however, been found either in Europe or North Amer-

ica but have been recognized in the Oligocene of Egypt. From this fact,

it has been generally concluded that the Proboscidea first evolved in the

Ethiopian region. But it should be remembered that northern Egypt is

not strictly within the Ethiopian region but belongs with all of northern

Africa to the Mediterranean subregion of Holarctica. Owing to its prox-

imity to the Ethiopian region, it contains Ethiopian elements in its mod-

ern fauna and may have contained more in the past. But it is not clear

that the Oligocene Proboscidea must be numbered among these. There

is no evidence that their center of dispersal was not Asiatic in early as in

later Tertiary ;^^ but it must have been too far to the south to admit of

their reaching Europe or North America, until after their spread into

northeast Africa. We must therefore conclude, apparently, that the dis-

persal center was transferred to the north and east during the course of

the Tertiary
—a quite exceptional feature, beside which the question of

its original location, whether in southern Asia or in Africa, appears much

less important.

Table XV.—Distribution of the Proboscidea
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SIRENIA

The most primitive sirenians are found in the late Eocene of Egypt.

As these were apparently contemporary with more prog-ressive types in

the jVliddle and Upper Eocene and Oligocene of Europe, they indicate, if

anything, that the Mediterranean shores lieid a less progressive fauna

than the North Atlantic. The Oligocene and Miocene types are approxi-

mately ancestral to botli the modern groups, manatees and dugongs. Ap-

parently the manatees became characteristic of the North Atlantic, the

dugongs of the Indian Ocean shores. The progressive cold of the later

Tertiary and Pleistocene has driven the manatees out of the Arctic and

northerly Atlantic shores and their northern limit is now Florida on the

western, and the African coast on the eastern side. They have not been

found fossil north of 40° N. lat. on the American coast,'** for the excel-

lent reason that there are practically no Tertiary littoral deposits north

of that latitude.

The occurrence of Manatus in West Africa and in the West Indian and

South American coasts is among the arguments used in support of a

transatlantic bridge ;
but there is no evidence at all that the ancestors of

Manatus did not inhabit the whole of the North Atlantic and Arctic

basin during the Tertiary. It is certain that they did inhabit parts of

the intervening European and American littoral, and the negative evi-

dence elsewhere is obviously worthless, because there are no formations

known in which they might be fomid.

CONDYLAKTHRA AND SPECIALIZED SUCCESSORS

We may here consider the distribution of a number of extinct groups
of Tertiary ungulates or semi-ungulates, whose rise and culmination took

place at an earlier epoch and under different conditions from those which

we have discussed. The Condylarthra are an extremely primitive group
of hoofed mammals, fulfilling nearly the theoretical requirements for the

common ancestral type of all placental ungulates. The earliest known

artiodactyls and perissodactyls are, however, too much specialized to be

immediately derived from the known Condylarthra. Condylarths first

appear in the Paleocene of North America and Europe and in South

America in the Notostylops fauna, here regarded as Eocene. In North

America, they develop through the Taligrada into the Amblypoda, culmi-

"> For distribution of manatees during Tertiary vide Ha5', Bibl. Foss. Vert. N. A., U. S.

G. S. Bull. 179, p. 583-4, 1902 ; of Old World Sirenians, Abel, 1904. Abb. Geol. Reich-

sanst., xix Bd., s. 214 ; 1906, N'eues .lahrb. Ed. ii, s. 50-60 ; 1912, Palaeontographica,
Ux Bd., s. 292.
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nating in the highly specialized Dinocerata. In South America, they

apparently develop during the Tertiary in absence of Artiodactyla and

Perissodactyla into a great variety of hoofed mammals, the Toxodontia

and Typotheria, Litopterna, Astrapotheria, Pyrotheria. The Arsinoi-

theria of the Oligocene of Africa, perhaps also the Hyracoidea and Proho-

scidea, may also be regarded as evolved from primitive Condylarthra, in

absence of the higher ungulates of the Asiatic center of dispersal. We

have therefore direct or inferential evidence that at the beginning of the

Eocene the Condylarthra inliabited the Palsearctic, Nearctic, Neotropical

and Ethiopian regions. There is no reason to suppose that they were

Fig. 28.—Relationship of the Condylarthra to the Notoungulate and Subungulate groups

of hoofed mammals

In indicating the distribution, Egypt, Syria etc. have been included with Ethiopia, as

the essential facts in this case could thus best be represented. "Bunotheria" are the

common ancestral stock (hypothetical) of the Creodonta-Carnivora-Condylarthra-Ambly-

poda group.

absent from the Oriental region, but they evidently did not reach Aus-

tralia or Madagascar.
The worldwide dispersal of the condylarths at the opening of the Ter-

tiary (partly hypothetical and exclusive of Australasia and Madagascar)

may be regarded as due to the epoch of elevation and disturbance which

closed the Cretaceous. The subsequent development of peculiar and

highly specialized ungulates during the Eocene in the several great con-

tinents is attributable partly to the isolation of these continents during

that period due to submergence of the low lying connecting regions.
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partly to the prevalence of more uniform climatic conditions all over

the world and the consequent lack of environmental pressure tending to

force a change in habitat. Towards the end of the Eocene began a

period of progressively intensified elevation and disturbance, with re-

frigeration of climate beginning at the poles; this culminated in the

Glacial epoch. The northern fauna successively invaded the tropical

and southern continents and swept before it nearly all their autochthonic

faunae.

In Africa, we see this invasion in progress in the Oligocene; the

anthracotheres, forerunners of the great ruminant invasion have already

appeared; to these may yet have to be added Palccomastodon as a fore-

runner of proboscidean invaders (although on the present record the

Proboscidea may appear an autochthonic group) ;
while the hyracoids,

with Moerithcrium, Arsinoitherium, Barytherium and some less known

types are apparently autochthonic since Paleocene. Unfortunately, our

view stops here; we know little of the progress of this invasion until the

late Pliocene, when these invaders had themselves disappeared before a

succession of later invasions or become modified into new types.

In South America, the isolation lasted much longer, and owing to the

great southward extension of the continent, a highly progressive inde-

pendent center of dispersal was set up in Argentina. Whatever criti-

cisms may be made of the phyletic theories of Dr. Ameghino, so far as

they affect the evolution of the mammalian races of the northern world,

I think that there can be no question that he has brought out a remark-

ably complete series of phyla in the autochthonic races of South America.

The closeness of these series, and the large amount of progressive evolu-

tion which they involve, on lines analogous to those of the northern

mammals, are fair indices that the controlling forces were similar and

that the southern end of the continent was the chief center of dispersal.

The various types of structure which were developed in northern mam-
mals during the Tertiary, in adaptation to the progressive change of

environment, are almost all paralleled, occasionally exceeded in degree

by these southern races; but they are very generally seen in different

combinations, as Professor Gaudry has so clearly shown.'^^

Had the Condylarthra reached Australia, we should expect to find

there a group of placental ungulate orders peculiar to the region, like

those of Tertiary South America, persisting to the present day. But we

find, instead, that the marsupials evolved into the herbivorous fauna.

In Madagascar the lemurs may be regarded as filling the place which

" Albeet Gaddrt : Annales de Pal6ont., t. Ill, pp. 41-60. 1908.
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primitive ungulates would have taken, if they had reached the island;

but the case is not so clear.

EDENTATA

The edentate orders afford among the unguiculates a broad parallel in

their distribution and history to the Condylarthra and their successors

among the ungulates. Their extinction has been somewhat less complete ;

a few highly specialized survivors remain in the Neotropical, Ethiopian
and Oriental regions.

y/AXenart/n '^^^ Pholidota TuhuUdeii tata

Fig. 29.—Distribution of the Edentate orders

The New World edentates or Xenarthra may have originated in Cretaceous North

America, but their Tertiary dispersal centers were South American, apparently in or

near to Patagonia. The dispersal centers of the Pholidota and Tubulidentata would

appear to have been Palsearctic, but very little Is known of their fossil record.

The super-order Edentata is an artificial assemblage including the

three surviving orders Xenarthra, Pholidota and Tubulidenta and the

extinct order Tseniodonta (= Ganodonta). The Tasniodonta of the Eo-

cene of North America may perhaps be regarded in a broad way as rep-

resenting the primary type of the Xenarthra, but even this is doubtful.
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They are far more primitive and nearer to the generalized eutherian

type; but they show certain unique Xenarthrau peculiarities in foot-

construction and in tiie pelvis, and the dentitioji in ilie two known phyla

progressively evolves on lines leading towards, although not into, the

PHYLOGENY OF THE EDENTATES

ARMADILLOS ANTEATERS TREE-SLOTHS

Fig. 30.—Distribution and phylogeny of Xenarthra and Twniodonta

The aberrant North American groups appear to be relicts indicating a northern origin of
the Xenarthra, but the evidence is not conclusive.
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specialized edentate types. The Tseniodonta range from Paleocene to

Upper Eocene in North America and are doubtfully recorded in the

early Eocene of Europe. They may be hypothetically regarded as a

Cretaceous-Eocene ancestral group in the northern world, from whose

early members budded otf the ancestral Xenarthra in the Nearctic, pos-

sibly also the Pholidota and Tubulidentata in the Pal^arctic, the whole

group being driven southward at the beginning of the Tertiary, except

for a few lingering remnants, rare and little known. Of these lingerers,

we may instance in the (Bridger) mid-Eocene of Wyoming Metacheir-

omys, whose affinities are distinctly armadilloid and an unnamed but

more primitive genus in the Lower Eocene of AYyoming approximately

ancestral to it
;
"Lutra" franconica of the Oligocene of Germany, shown

by Schlosser to be related to the Aardvark, Pahromanis and Orycteropus

of the Miocene of Samos, and more doubtfully PaJrcorycteropiis and

Necrodasypus (in part) of the Oligocene of France.

Whether the rare gi-ound-sloth remains from the (?) Middle Miocene'^-

and Lower Pliocene of the western United States are to be regarded as

surviving Northern edentates or as immigrants from the south is not

certain, but the latter explanation is more probable.

The Old World edentate groups, although still surviving in Ethiopia

(Manis, Orycteropus) and the East Indies (Manis), are not known to

have undergone any considerable expansion during the isolation-period

of the early Tertiary.'^^ The Xenarthra, on the other hand, are first

represented in the early Tertiary of South America by armadilloid forms

and they blossomed out in the isolated continental conditions that pre-

vailed during the Tertiary in that continent into a wide range and

diversity of type, just as the Condylarthra appear to have done under

the same conditions there and the marsupials in Australia. Of the five

principal groups
—

tree-sloths, ground-sloths, anteaters, armadillos and

glyptodonts
—

only the second, fourth and fifth are known as fossils, and

only the first, third and fourth have survived. The fossil groups reached

their maximum of size and specialization in the Pleistocene, and rein-

vaded North America in the Pliocene and Pleistocene (possibly earlier,

'2 There is some question as to thie true liorizon of thie ground-slotli claw found by
Sinclair in the Mascall formation (Middle Miocene) of Oregon. The specimen may have
washed down from the overlying Rattlesnake Beds. Lower Pliocene [oral communication
from J. C. Merriam].

'^ But this may be due only to the imperfection of the geologic record. We know
nothing of the early Tertiary faunae of the Ethiopian and Oriental regions, save for the

Oligocene of Egypt. The Eocene faunne of South Africa, India and the East Indies may
have included a considerable expansion of pholidate or tubulidentate mammals, corre-

sponding to the xenarthral expansion of the New World, but earlier extinguished because
of the earlier invasion of those regions from the north.
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vide supra), but only the armadillos have maintained any foothold in

the northern world until modern times and these only in the southwest

corner of the Sonoran region, 'i'he anteaters and tree-sloths might be

expected to have originated in Patagonia and to have been driven north-

ward to tropical South America in accord with the theory of climate and

evolution here advocated. The geologiqal record, however, has failed to

show any certain evidence of this, and, as the Patagonian record is a com-

paratively full one, this fact should be counted as evidence that climatic

change is not the only causal factor of evolution. We must suppose, if

the record be adequate, that these groups originated and evolved in tropi-

cal South America. The annadillos are an extremely persistent group,
and the record gives no really convincing evidence of a Patagonian dis-

persal center, although it might be so interpreted.

Glyptodonts and ground-sloths appear in the Pliocene and Pleistocene

of North America. The Pleistocene genera except Megalonyx are closely

allied to the genera of the Pampean formation, in part identical there-

with {Bracliyostracon, ? Glyptodon, Clilamydotheriuiii, Megatherium,

Megalonyx, Nothrolherium, Mylodon). These, or allied genera equiva-

lent in specialization, inhabited South America from Ecuador to Pata-

gonia in the late Pliocene and Pleistocene. The only genera found in the

Pliocene of North America are Megalonyx and Glyplotherium, decidedly
more primitive and are best interpreted as earlier forerunners of the main

invasion which appeared at the beginning of the Pleistocene. Mylodon
has been recorded from the Blanco beds of Texas, but this is an error.

MAESUPIALIA

Marsupials are at present almost limited to the Australian and Austro-

malayan region, where, in the absence of placental mammals, they have

diversified into a wide variety of size, habits and adaptation, paralleling

the adaptive radiation of the higher mammals in the northern continents.

A single unspecialized group, the opossums, representing quite nearly the

primitive type from which all marsupials are derivable, survives in the

Neotropical region, one or two of its species ranging northward into the

Sonoran subregion of Holarctica. Another primitive survivor in the Neo-

tropical region is the rare little Ccenolestes, formerly regarded as a primi-

tive member of the diprotodont marsupials, but now considered to be of

polyprotodont affinities, its diprotodont resemblances being due to paral-

lelism.

What we know of the paleontology of the order is in complete accord

with the theory of their being primarily of northern origin, their dispersal

preceding that of the early placentals.
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The fragmentary and little known mammals from the Mesozoic for-

mations of Europe and North America were in large part marsupials, so

far as we can judge from what is known of them.

The most distinctive group among them were Multituberculata or

Allotheria. Gidley^'* has recently (1909) brought forward strong evi-

dence for the view that these animals were an archaic, early specialized

branch of the marsupials paralleling the later diprotodonts.'^^ They
occur (doubtfully) in the Ehsetic of Germany, certainly in the Upper

Tertiary

Opossums
BorhifOiniiis
Caenolestiais

Opossums pro^ai/u
since Creta.

ThylcLCi'nus
ustralca in

:^v Pleistocene)

W/,0,ipossums Cdenolestcs \S^\\\ X)asi/ures;Diprofodo?-ttia.

Fig. 31.—Distribntiou of Marsupials

This is probably to be regarded as due to a very ancient dispersal from the north, fol-

lowed by differentiation and dispersal during the Tertiary of specialized adaptations

parallel in the Neotropical (Borhysenids and Csenolestids) and Australian regions (Thy-

lacine-Dasyures and Diprotodonta). The Phalangers of the Austromalayan islands are

regarded as marginal types from an Australian dispersal center.

'*J. W. Gidley: Proc. U. S. Nat. Mus., vol. xxxvi, pp. 611-626. 1909.
''^ Recent discoveries, made since these lines were written, indicate that the relationship

was not as close as had appeared. Dr. Broom has even maintained that these animals

were nearer to monotremes than to marsupials, but in my judgment he has failed to

adduce any really valid evidence for this view. But while they are in the Metatherian

stage of evolution I do not think they can be included in the order Marsupialia on the

data now available. See forthcoming article by Walter Granger in Bulletin Am. Mus.

Nat. Hist.
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Jurassic and Lower Cretaceous of England (Plagiaulax'^^) and Wy-
oming (Ctenacodon) . They again appear in the uppermost Cretaceous

and Paleocene of North America (Lance formation of Wyoming, Fort

Union of Montana, Puerco and Torrejon of Xew Mexico) and Europe

(Cernaysian) in the genera PtUodus, Neoplagiaulax, Polymastodon and

Meniscoessus. They are questionably recorded in the Eocene Notosti/Iops

beds of Patagonia, in the genera Propohjinattodon , Polydolnps etc. (which
more probably belong to the same group as Ccvnolestes). They are not

known elsewhere except for part of a jaw from the middle Cretaceous

(Belly River) of Canada and a jaw {Karroomys) from the Jurassic

(Karroo beds) of South Africa. The front half of a skull long ago found

in the Karroo beds and described as Tritylodon is probably to be referred

to this group, although its mammalian nature has been questioned.'^'

In addition to the Multituberculata, there are in the Jurassic and basal

Cretaceous of England and Wyoming a number of mammals with simpler

and more numerous teeth whose affinities are very imcertain. Whether

they are ancestral to marsupials, to placentals, to both or to neither is,

in the writei-'s opinion, an unsettled question. Its definite solution must

probably await the discovery of more complete material.

In the uppermost Cretaceous (Lance formation) of Wyoming are foimd

in addition to teeth and jaw fragments of Multituberculata, a variety of

tritubercular teeth, some associated with fragments of the jaw. These

appear to be more definitely referable to the polyprotodont marsupials;
some of them may be quite near to the opossum. I have seen no evi-

dence among them of placental mammals, although most of them are too

fragmentary to exclude the possibility of the presence of Eutheria.

The Paleocene fauna of New Mexico, Montana and France contains

numerous placentals and a few Multituberculata, but no polyprotodont or

true diprodont marsupials have yet been 23ositively recognized in it. It is

evidently not derived (except for certain of the Multituberculata) from

the fauna of the Lance formation. Yet it is almost, perhaps quite, con-

temporaneous with it and must be supposed to represent a distinct facies

of the fauna, differing in habitat from that of the Lance formation (the

Fort Union is ])artly intermediate). Polyprotodont marsupials certainly

persisted in North America and Europe, for we find the remains of

species nearly related to the existing opossums in the Lower and Middle

'"^ lioUjihtn is a synonym of Plii(ii<iiiUi.r. tide (Jidloy.

"Broom has recently made a careful rostudy of the atHuities of TiitiiUxlon. and con-

cludes that it is a mammal, but not closely related to the marsupials, and represents an
archaic specialization with many primitive ohai-acters inherited from the cynodont
reptiles. R. Broom : Trans. S. Af. I'hil. Soc. vol. xvi. pp. 7.3-77. 1905. Broc. Zool.

See. London. 1!)10. pp. 760-768. 1010. Bull. .\m. Mus. Nat. Hist., vol. xxxiii. pp. 115-

1.34. 1014.
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Eocene of Wyoming, in the Oligocene of Colorado and in the Upper
Eocene to lower Miocene of France and Germany. They are not known

from any later formation in any of the northern continents.

In the Southern continents, they assumed a much more important

position. In South x\merica, in the absence of placental carnivora, the

polyprotodont marsupials developed into a number of large and small

predaceous mammals (Borhyaenidse), so closely paralleling some of the

predaceous marsupials of Australia that they have been referred to the

same family (Thylacinidre). Pseudo-diprotodont marsupials were also

fairly common, taking the place in the fauna held by Insectivora in the

North, this group of placentals (except for a single type) not having

reached South America. The marsupials of South America did not de-

velop into groups taking the place of northern ungulates, rodents or

primates, since primitive placentals of these groups (Condylarthra,

? Hystricomorpha, ? Lemuroidea) had penetrated into South America

before it was separated from the Northern world, and there developed

along lines sub-parallel to the development of the higher placental groups

in the North, but distinct and less progressive.

In Australia, the marsupials assumed a still more important position,

as the only mammals of that continent. The placental mammals of the

northern Tertiary did not reach Australia, except for a few strays
—bats

and mice and the dingo
—which were too few in numbers and of too re-

cent introduction to affect seriously the course of mammalian evolution

on that continent. In the absence of placentals, the marsupials developed

into a wide variety in size, form and habits of life, partially paralleling

the higher mammals.

The near resemblance between the modern Australian Thylacinus and

the Borhygenidaj of Tertiary South America has been used as an argu-

ment for an Antarctic connection between the two. Such a hypothesis

will not bear close examination. The resemblance is not closer than

between parallel adaptations in distinct families of true Carnivora, whose

genealogy has been more or less completely traced back through inde-

pendent lines of descent from unspecialized common ancestors. It is

not closer, for instance, than that between the Oligocene Felidse and

the modem Cryptoprocta of Madagascar, whose common descent from

an unspecialized placental carnivore (Viverrid or Miacid), analogous to

the marsupial didelphyids, is generally admitted. The common char-

acters distinguishing thylacinids and borhyaenids from the didelphyids

are, without exception, such as would naturally be assumed independently
in adaptation to predaceous terrestrial life and have been so assumed in

numerous independent parallel adaptations of the same sort among
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placental Carnivora. On the other hand, Thijlacinus has retained cer-

tain didelphyid characters which are already lost hy the most primitive

of the BorhyaenidjE (palatal vacuities, posterior position of the orbits/®

an external lachrymal duct, double perforation of the basisphenoid),

while in other features (brain development, cursorial specialization, etc.)

it is more progressive. The Borhyaanida? are more progressive in the

reduction of the last molar, in the dilferenti^ion of enamel from dentine,

less so in the cursorial adaptation of the limbs and feet.

Descent from a common ancestral type is undoubtedly shown, but some

at least of the above differences point back to Didelphyida3 as this common

type. The characters which Sinclair uses to separate the thylacines are

the reduced number of incisors, the carnassial specialization of the molars

and especially the loss of the metaconid. Every one of these features,

besides numerous other common characters which he docs not specify,

may be paralleled in two or more distinct lines of Carnivora whose com-

mon ancestors are not more predaceously specialized than Didelphys.

The loss of the metaconid occurs in Cijori, Iscliyrocyon, Simocyon and

Enliydrocyon among the Canidas, in all the post-Oligocene Felidas, in

Gulo, Megalictis, Mustela, etc., among the Mustelidae, in the later Hyse-

nidse, in Hycenodon and Pterodon among the Hya^nodontidfe, in Palrio-

felis among the Oxyanidse, in all the later Mesonychida?. Each one of

these genera is independently descended from genera in which tlie

metaconid is well developed. In every case, it is simply a stage in

predaceous adaptation of the molars, nor can it be assigned any other

significance in the marsupial carnivores. There is, in short, no evidence

for assuming a closer affinity between thylacines and borhysenids than

common descent from didelphyid ancestors, and^there is strong evidence

against such an assumption. But if this be true, these animals afford

no evidence for Antarctic connections between the southern continents;

for we have seen that Didelphyid marsupials were certainly present in

the Mesozoic and early Tertiary of Holarctica and of South America,
and we have no reason to believe that they would have had greater diffi-

culty in reaching Australia in the Mesozoic or early Tertiary than the

murine rodents found at a later date.

The supposed presence of Diprotodont marsupials in the South Ameri-

can Tertiary and in modern Australia has also been used in support of

Antarctic connections between the two continents. The recent mor-

phologic studies of Dederer'^" and Broom®° have shown that Ccenohstes

'8 Interpreted by Sinclair as a progressive character in Thijlacinus, but certainly the
reverse in analou'ous placental adaptations.

'" Pauline H. Dedkrkk : Amer. Nat, vol. xliil, p. 614. lOOn.

WR. Broom: Proc. Linn. Soc. N. S. W., vol. xxxvi, p. .S15. 1911.
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is not a true diprotodont, but in fact belongs to the polyprotodont divi-

sion of the Marsupialia, and with this genus must be associated all of the

Epanorthids and probably all of the so-called Paucituberculata of the

South American Tertiaries. If then the Diprotodonta, so dominant and

so widely varied in Australia, were wholly absent from South America,

while parallel adaptations were developed there from the Polyprotodonta,

the distribution of these marsupials affords a valid argument against

instead of for any Antarctic connection during the Tertiary.

In view of the great amount of adaptive divergence seen in the various

Pleistocene and modern genera of Australian Diprotodonta, the origin

of the suborder in Australasia or its earliest invasion of that zoological

region, must be dated far back in the Tertiary. On our present evidence

it may well be regarded as wholly autochthonic, derived from early Ter-

tiary or possibly from late Mesozoic polyprotodonts. Nevertheless, in

view of the defectiveness of the Mesozoic record, where we should chiefly

expect to find this group, if anywhere in the North, and the presumable

rarity of Tertiary survivors, there is nothing unlikely in the view that

they originated primarily in the North like their polyprotodont and

allotherian relatives and were driven southward with the former group
and somewhat more thoroughly extinguished in the north, while in Aus-

tralia they blossomed out into a great adaptive expansion paralleling the

absent ungulate mammals.

It is probable that the opossums survived in North America throughout
the Tertiary, although there is no clear record of them in our Miocene

and Pliocene.®^ But we know only a small part of our Pliocene fauna

as yet, and the Miocene, although better known, represents chiefly the

animals of the open plains, the forest fauna being very incompletely rep-

resented. On the other hand, it seems probable that the apparent dis-

appearance of marsupials from Western Europe after the Lower Miocene

was real, and it is probable that they had disappeared even earlier from

Asia. They have not been found in the later Tertiaries of India or

China, so that they must have been rare if not absent at that time. The
Eocene Tertiary of Asia, where they might be expected to be common,
is altogether unknown.®^

81 A very badly preserved skull from the Colorado Miocene and a Jaw fragment from
the South Dakota Miocene in the American Museum collections are perhaps marsupials ;

but I have never been able to see in either specimen satisfactory proof that they were
so. and have consequently never recorded them.

*-The earliest Asiatic Tertiary fauna is that of the Bugti beds of India, lower Bur-
digalian or upper Aquitanian according to Pilgrim, Rec. Geol. Sur. India, vol. xliii, pt. 4,

pp. 264-326. It is therefore either late Oligocene or early Miocene.
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Table XVI.—Distribution of Polyprotodont Marsupials
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Table XVII.—Distribution of Diprotodont and Pseudodiprotodont Marsupials

and Allotheria (Multituberculata)
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MONOTREMATA

The monotremes are the lowest group of mammals, far removed struc-

turally from any others. Their connection with the main stock must

date back to the end of the Paleozoic era. Xothing is known of tlieir

evolutionary history. The Multituberculata of the Mesozoic and Basal

Eocene are regarded by Broom as ancestral to them, but this view is not

supported by additional evidence since obtained. Xe7iotherium^° of the

North American Oligocene, referred by its describer to the monotremes,

is an Insectivore related to the Chrysochlorida; ; Scotwops^^ of the South

American Tertiary is an Armadillo,^- and other genera referred by

Ameghino to the Monotremes probably also pertain to other groups.

We find them to-day limited to the Australian region, and surviving

even there only by virtue of unusual specializations of habit; Echidna

protected by its coat of spines, Ornithorhynchus by its amphibious habitat,

both genera burrowing and nocturnal. Presumably, these genera repre-

sent the last relic of the early Mesozoic dispersal movements of tlie

Mammalia.

SUMMARY OF THE EVIDENCE FROM DISPERSAL OF LAND MAMMALS

The foregoing review of the several groups of land manmials shows

that the more recently evolved and dominant races of Mammalia are to-

day mainly Holarctic, and many of them have not yet reached the more

peripheral regions ;
that the ancestry of all these dominant races has been

found in the Holarctic Tertiary formations, sometimes in Europe, some-

times North America, more generally a series in each country of equiva-

lent approximately ancestral stages. Where the geological record is ade-

quate, these races are shown to be newcomers in the peripheral continents

which they have invaded, and any ancestral series is absent. Their repre-

sentatives in the peripheral continents are to a varying degree primitive
and allied to earlier stages in the evolution of the race as represented in

the Tertiary record of Holarctica, but they have specialized more or less

along parallel or divergent lines from the direct line of descent of the

northern representatives.

When the parallel series in Europe and North America are sufficiently

complete they are seen to be not parallel phyla of independent local evo-

lution, but periodically recruited by more progressive new stages, appar-

90 Earl Douglass, 1905. (The name is preoccupied by A'en other inm Ameghino, 1904,
a genus of typotheres.)

Bi Fl. Ameghino, 1887.
"" W. B. Scott : Rep. Prin. Exp. Patag., vol. 5, p. 12. 1903.
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ently from a common center of dispersal. The relations are like those of

one side and the other of a branching tree whose trunk region is unknown

to us.

The more ancient and primitive groups of the Mammalia have mostly

disappeared, or are in process of disappearance, from Holarctica. In the

peripheral continents, they have undergone in many cases a notable local

adaptive radiation and expansion, extensive in proportion to the isolation

of these continents from the northern realm, more complete during the

early and middle Tertiary than now. When the reunion to Holarctica

permitted the northern faima to invade the peripheral continents, these

autochthonous groups were in general unable to maintain themselves

against the competition of the more progressive northern races, and have

either wholly disappeared or left a few scattered survivors, mostly aber-

rant specializations which did not come directly into competition with the

invading races. The survival of the major part of the marsupial radia-

tion in Australia is attributable to its continued isolation. The apparent

fact that Neotropical races of Edentata were able to invade North Amer-

ica during the Pliocene and Pleistocene may be ascribed to two factors :

1) No Nearctic groups of closely analogous specialization existed at

that time.

2) Owing to the far southerly extension of South America, the evolu-

tion of mammals in that region was, so far as controlled by climatic

change, more progressive and more nearly equivalent to the Holarctic

evolution than in Australia or Africa. Its products therefore were better

able to maintain themselves against their northern competitors.

If we regard the Proboscidea as of Ethiopian origin, we must suppose

that they too constitute an exception to the general rule that the races

evolved in the peripheral regions have been unable to invade Holarctica.

But the recent discoveries of Pilgrim and Cooper in the Oligocene of

India tend strongly to show that the Proboscidea were from the first, as

they certainly were in the later Tertiary, a group of Asiatic, not African,

dispersal.

The dominant influence of climate in controlling the range of modern

mammals has been emphasized by C. H. Merriam. The mammals adapted

to north temperate or even boreal climate are the most specialized and

last evolved members of their respective races. The most primitive sur-

vivors of northern races, and surviving members of races formerly abun-

dant in the north, are met with chiefly in tropical regions. Similar rela-

tions are seen in the faimse of the antarctic as compared with the southern

tropical regions, although less obvious. This is especially seen in South



272 ANNALS NEW YORK ACADEMY OF SCIENCES

America. It is displayed there quite as clearly in races, such as the crice-

tine rodents, cervidae, etc., which are admittedly of Northern origin, as it

is in any autochthonous groups. Hence, it cannot be attributed to a gen-

eral Antarctic dispersal center, but must be explained as a parallel evolu-

tion under similar climatic stimulus.

The general distribution of Mammalia dn.these lines is almost univer-

sally accepted; but many writers have pointed out certain supposed ex-

ceptions and found it necessary to account for them by various hypo-
thetical continental bridges. A careful consideration of these supposed

exceptions shows that, if due allowance be made for parallelism and for

the imperfection of the record, each one can be more satisfactorily inter-

preted in accordance with the general law. And the acceptance of any
such continental bridges would entail migrations of other groups wliich

assuredly have not occurred. The hystricomorph rodents of South Amer-

ica afford a single exceptional instance, in which over-sea transportation

from Africa appears to be the only reasonable interpretation of the evi-

dence at hand.

I place much greater weight on the evidence from mammalian distri-

bution than on that of any other terrestrial group for several reasons, as

follows :

1) Their past history, the time, place and method of evolution of the vari-

ous races, is better known than in any other group of land animals or plants.

2) The complexity of structure in the hard parts which are pi-esoi'ved as

fossils is greater, affording a larger amount of evidence by which we may dis-

tinguish parallel or analogous races and determine the closeness of their real

affinities. As Stehlin"^ has recently observed, a single tooth of a mammal
affords as much structural evidence whereby to determine its relationships as

the entire skeleton of most invertebrates. Where our evidence is thus lim-

ited (to a single tooth, for example), we may, and frequently do, find difficulty

in deciding the exact affinities of a fossil mammal. But where we have the

skull or the skeleton or even the entire dentition, the results are correspond-

ingly sure and precise as the data are more extensive.

3) Owing to their nearness to ourselves, their large size and other causes,
we are better able to understand their adaptation and observe and appreciate
the factors which may affect their evolution and migration.

In dealing with the evidence furnished by the lower vertebrates and

invertebrates, we are hampered by the wider limits of time within which

the migration may have taken place, by the relative simplicity of the

structure of the hard parts, which makes it less easy to distinguish paral-

"8 "tjber die Saugethlere der Schwelzerische Bohnerzformation." Verb. Schw. Naturf.

Gesell., 93 Jahresvers. 1910, Basel, r. 11 of separate.
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lelism from immediate affinity,^' by the relative scarcity of fossils as com-

pared with living species (among land animals), and by our less certain,

knowledge of the causes which may control their evolution, their means

of migration, and their true evolutionary history and affinities.

INTERPRETATION" OF NEGATIVE EVIDENCE IN FOSSIL MAMMAL FAUN.5;

In considering a Tertiary mammal fauna, we must keep in mind the

facts that there may be large facies of it that are represented imperfectly,,

if at all, in our records, and that there may be important parts of it

which have left little or no record, owing to their habitat, small size or

other circumstances. We may, with some reserve, conclude that the en-

tire absence from the record of a group which is abundant In other faunae

indicates its real absence from the fauna. But we are not justified in so

concluding in the case of rare or inconspicuous races. It is fair to as-

sume that the absence of Perissodactyla from the Oligocene fauna of

Egypt or the Miocene fauna of Patagonia was real, and not a matter of

defective record. The same assumption would be unjustified in the case

of didelphid marsupials and dilambdodont Insectivora respectively. But

the most conclusive evidence of the absence of a certain group from a

given fauna is that while it is not found fossil, another group is found to

have become adapted on parallel lines, taking its place in the fauna. The

absence of Perissodactyla and Artiodactyla from the Miocene of South

America is confirmed by our finding Litopterna, Toxodontia and Astra-

potheria, which parallel in adaptation the horses, rhinoceroses, tapirs,

camels, etc., of the North
;
the absence of Carnivora by the parallel adapta-

tion of marsupials to take their place. The evolution of lemuroid pri-

mates in Madagascar into large quadrupedal forms apparently paralleling

certain groups of Ungulates,"^ affords some evidence that the Tertiary

hoofed mammals were unable to invade Madagascar.

The absence of fissiped Carnivora from the recorded Oligocene fauna

of Egypt would not be conclusive in itself
; but, coupled with the excep-

tional variety and abundance of the more archaic creodonts of the family

"* It may be noted in illustration of this point that a natural cast of the entire carcass

of a mammal would afford far less secure information as to its real affinities than would
a fossil skull, and less even than a lower jaw with reasonably perfect teeth. The parallel

adaptations so frequently recognized among mammals lead to superficial resemblance of

distantly related types whose true affinities are readily recognized by the internal struc-

ture. If. as among most invertebrates, we had only an external skeleton to guide us,

the real affinities would not be so securely recognized.
»5 The skull and the short limbs of Megaladapis are very suggestive of such types as

Promerycochwriis. The feet do not, however, indicate a terrestrial habitat, nor are the
teeth efficient in grinding. The resemblance in teeth and skull of Archaolemur to the

Anthropoidea is very marked.
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Hygeiiodontid;e, it is very strong evidence that fissiped Carnivora had not

yet invaded the Ethiopian region, at least in any considerai)le nnmbers.

Dispersal of Reptilia

The essential adaptive feature which distinguishes mammals and birds

from the reptiles out of which they arose lies in the non-conducting cov-

ering to the skin,
—of hair or fur among mammals, of feathers among

birds. The assumption of this covering enabled the body to be kept at a

uniformly high temperature, thus favoring the maximum of bodily activ-

ity, and making it practicable to develop the circulation and the entire

organization to a much higher standard. It also made these classes of

animals independent of the temperature of their environment. It ena-

bled them to withstand cold or variable climate and to take full advantage
of the conditions of the colder regions, which appear to favor a higher

development than can be attained in moist tropical countries.

The initial development of mammals and birds took place, so far as we

are able to judge, during the great arid period of the Permian-Triassic.

They a])pcar to have been derived from unknoAvn groups allied respec-

tively to the theromorphous reptiles and to the ornithischian dinosaurs.

We know almost nothing of their Mesozoic evolution, because the upland

epicontinental formations of the Mesozoic, in which this record should be

chiefly preserved, have been totally swept away, or if any remnants re-

main, they have not ])een recognized and sufficiently explored to recover

it. The formations of the swamps and coastal marshes, river-deltas, lit-

toral regions and shallow seas of the Mesozoic are extensively preserved

and their inhabitants well kno-^vn to us. But of the upland fauna, we get

only an occasional glimpse in such deposits as those of Solenhofen, where

a few remnants of the fauna of the adjoining uplands have been pre-

served in great perfection. We have, indeed, indirect evidence as to the

nature of the upland fauna of the Mesozoic, for the successive groups of

swamp dinosaurs, the marine birds and pterodactyls of the later Mesozoic

and the abundant and varied mammalian fauna which appears at the

beginning of the Tertiary are not derivable, any of them, from their

predecessors in the swamp or marine faunae, but must be traced back to

ancestors distinctly adapted to dry-land life, which reinvaded the coast-

swamp, littoral or marine provinces. Tliis will appear more in detail in

the discussion of the several orders. The pohit here to be emphasized is

that the dry-land vertebrate fauna has been throughout the dominant

facies and has repeatedly reinvaded the swamp and sea-coast provinces,

the higher activity and better organization acquired on land giving its
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members, when readapted to the marsh or littoral conditions, an advan-

tage which enabled them to supersede the autochthonous dwellers in those

conditions. Per contra, there have not been a succession of invasions of

the dry land by the vertebrate inhabitants of swamp and sea-coast. Once

established on dry land, the primary groups of dry-land reptiles held

their own and evolved and expanded into higher types and greater variety,

but they were not recruited, so far as the evidence shows, by new invasions

from the swamp and aquatic fauna.

DINOSAURIA

The dinosaurs appear to be primarily a dry-land adaptation (properly

speaking, two distinct but parallel adaptations) of the primitive rep-

tiles.
^'^ Their most obvious adaptive characters lie in the long limbs and

swift-running gait and the general parallelism to the ratite l)irds. As

such, the conditions of life would tend to greater activity and higher de-

velopment and enable them, when they reinvaded the swamps during the

epochs of great swamp-extension, to reach greater size and dominance.

It is these readaptions that are chiefly known to us and are apt to give

the idea that the dinosaurs were distinguished by gigantic size and mass-

ive proportions. In fact, these are no more typical of the order as such

than the whale, hippopotamus and elephant are fairly typical of the

mammals as such. There must have been multitudes of small dinosaurs,

mostly inhabiting the upland, a smaller number living among the swamps
and marshes, but we know comparatively little about them. Some notion

of their numbers and variety in the Triassic is gained from the innumer-

able footprints spread over the Triassic shore-deposits of the Connecticut

Eiver. But of all this multitude, we have actual remains of only two or

three types. The Compsognathus skeleton of Solenhofen is, perhaps, an

example of the small light-limbed upland dinosaurs of the Jurassic;

HaUopus and PodoJcesawus are perhaps fairly representative of their

Triassic ancestors. The Jurassic sauropods, while highly specialized for

aquatic life and river-bottom wading, yet retain a few features indicative

of former land life. One of these is the long limbs, which it would seem

must have been acquired on land. Another is the fact that the knee bends

forward as it does in all other dinosaurs, while in reptiles primarily am-

phibious the knee bends outward and the limbs are short. The elbow of

the Sauropoda, on the other hand, bends outward, as in reptiles generally,

not backward, as it does in primarily quadrupedal land animals, and this

»« F. VON HuENE : Geol. u. Pal. Abh., N. F., Bd. xill, s. 22-38. 1914 ; Neues Jahrb.,
Beil. Bd. xxxvii, s. 577-587. 1914.
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I take to be an indication that their quadrupedal gait is partly secondary

and that they are derivable from long-limbed, partly bipedal ancestry.

The shortening of the feet and pillar-like construction of the limbs is an

obvious parallelism with the specialization of these parts seen in all large

hind juamraals and is an adaptation to their great size. No near parallel

can he round to this group among living animals; the hippopotamus
affords some suggestions, but diverges widely in many respects.^^

I have already referred to the primary adaptation of ilic dinosaurs

as a dry-land adaptation of the Reptilia. To a limited extent, the mod-

ern lizards represent a corresponding adaptation but not carried so far

or occupying so important a place in the fauna. The lizards have to

compete with the large and varied dry-land fauna of mammals, and rela-

tively to these, they occupy but an unimportant niche in the terrestrial

life. They suggest, however, the sort of animal which in tlie absence

of a higher competing type evolved into the dinosaurs, and their more

specialized types (e. g., Chlainydosaurus) mimic them in proportions in

a most instructive manner.

Dinosaurs are first recorded from the Triassic; those which we actually

know^® are of moderate to large size, slender and long limbed as com-

pared with other reptiles, not highly specialized in dentition, unarmored

and some but not all bipedal in gait. Indirect evidence in the multitudes

»^ See W. D. Matthew : "The Pose of the Saiu-opodous Dinosaurs," Amer. Nat, vol.

xliv, pp. 547-.'ifj0. 1010.
88 The principal references on Triassic dinosaurs are the following:
R. Broom : "On the South .\frican Dinosaur liortalotarsus," Trans. S. Afr. Phil. Soc,

vol. xvi, pp. 201-204. 1006.

E. FuAAs : "Die neuesten Dinosaurlerfunde in der schwabischen Trias," Die Natur-

wlssenschaften, Bd. I, Heft 4.5, pp. 1097-1100. 1913.

F. VON HuEXE : "Die Dlnosaurier der europiiischen Triasformation." Geol. u. Pal.

Abh., Supplem. Bd. I. 1908.

: "Kin prlmitiver Dinosaurier aus Elgin," Geol. u. Pal. Abh., Bd. xiv (N. S.,

Bd. X) Heft. I. 1910.

: "Beitriige zur Geschichte der .\rchosaurier," ibid., Bd. svii (N. S., Bd. xlll)
Heft. I. 1014.

: "Ueber die Zweistiimmigkcit der Dinosaurier," Neues Jahrb. Bell., Bd. xxxvll,
s. 577-589. 1914.

F. VON HuENE und R. S. Lull: "Neubeschreibung des Originals von XaiKisuiinis agilis

Marsh," Neues Jahrb., Bd. I, s. 134-144. 1908.

-: "On the Triassic Reptile Hallopus victor Marsh," Amer. Jour. Scl.,

vol. XXV, pp. 113-118. 1908.

O. Jaekel : "Ueber die Wirbethierfunde in der Oberen Trias von Halberstadt," Palse-

ont. Zeitsch., Bd. I, s. 155. 1913.

R. S. Lni.L : "Fossil Footprints of the .Tura-Trlas of North America," Mem.. Boston
Soc. Nat. Hist, vol. v, pp. 461-557. 1904.
—

: "Dinosaurian Distribution," Am. .Tour. Scl., vol. xxix, pp. 1-39. 1910.
: "The Life of the Connecticut Trias," ibid., vol. xxxlil, pp. 397-422. 1912.

O. C. Marsh : "Notes on Triassic Dinosauria," ibid., vol. xllii, pp. 543-546. 1892.
: "Restoration of Anchisaurus," ibid., vol. xlv, pp. 169-170. 1893.
: "Dinosaurs of North America," U. S. Geol. Sur., 16th Annual Report pp. 143-

244, pll. 1896.
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of footprints of the Connecticut Valley sandstones shows that there must

have been also a great number and variety of small bipedal three-toed

forms all presumably dinosaurs, and other reptiles with shorter feet and

more numerous toes which may also have been dinosaurs, although not

generally so referred. LulP^ states in regard to the latter : "These forms

seem to represent survivors of the ancient stem from which the dinosaurs

arose; they may, however, represent primitive quadrupedal dinosaurs

which had not yet acquired the erect gait." He calls attention to their

possible relationship to Protorosaurus and Kadaliosaurus.

From these and other fragments of evidence, Ave may reconstruct a

concept of the dinosaurs as a land adaptation developed during the arid

Permo-Triassic climatic phase, corresponding to the later deployments of

the mammals along the same lines of adaptation and under a similar

impelling cause of progressive aridity and continental expansion. Dur-

ing the base-leveling and submergence and moist tropical climate of the

Jura, these dry-land adaptations reinvaded the swamps and coast-

marshes, the least specialized types (cf. Protorosaurus), more quad-

rupedal and some of them long-necked, reverting farthest towards an

aquatic life and specializing into the peculiar Sauropoda, while the higher

bipedal types retained more of their terrestrial habitat but evolved into

huge, massive armored and bizarre creatures, to be paralleled in habit

and type at a later date by the bizarre specializations of the Eocene Mam-
malia. These are the familiar dinosaur fauna of the Upper Jura and

basal Cretaceous. The drier uplands of that time must have been ten-

anted by lighter, smaller dinosaurs, but of these, in my opinion, we have

little direct evidence. But that they continued to exist and cari-y for-

ward their primary lines of adaptation is shown by the subsequent history
of the order.^**"

In the Lower Cretaceous occurred a swing towards emergence and arid

conditions, not extreme, but sufficient to wipe out the sauropod dinosaurs

in the northern world. They survived, however, in the southern conti-

nents until, in the middle and later Cretaceous, the pendulum swung back

to a marked extreme of submergence and moist-tropical climate, and
their remains are found in late Cretaceous beds in South America, East

Africa, Madagascar and Australia. The correlation of these beds is in

need of revision, however; they may be Comanchean. In the Northern

»» R. S. Lull : I. c, p. 482. 1904.
1™ R. S. Lull ("Dinosaurian Distribution," Amer. .Tour. Sci., vol. xxlx, pp. 1-39, 1910)

has admirably summed up the data regarding the geological occurrence of dinosaurs.
While not agreeing in all respects with his Interpretation, I take pleasure in noting the
accuracy and clear presentation of the evidence as worthy of the high regard in which
Its author is held by his confreres.
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world, at all events, they did not reappear after the early Comanchcan.

A dinosaur fauna largely similar to that of the Jurassic in habits and

adaptaticjn in other respects, developed during the late Cretaceous in

the North. It contains no Sauropoda, but it includes amphibious types

(Traehodontidae) with marked aquatic adaptation, gigantic terrestrial

swamp and forest dwellers, like the ceratopsians, tyrannosaurs and anky-

losaurs, and many smaller more agile forms. These Cretaceous giants,

however, appear to have evolved, not from amphibious or aquatic dino-

saurs of the Jura, but, in part at least, from small and little known forms,

of more upland adaptation, which had been much more highly specialized

for dry-land life than any of the Jurassic swamp dwellers, and had re-

adapted themselves to the forest and swamp environment of the later

Cretaceous. The trachodonts and ceratopsians, for instance, while re-

lated to the earlier iguanodonts, cannot be directly derived from them

but must be traced back to some unknown contemporary which was highly

progressive in developing efficient grinding dentition, compact feet with

flattened hoofs, etc.—characters which in a survey of mammalian adapta-

tion we find to be especially associated with upland habitat. The evi-

dences of former dry-land adaptation are not so clearly shown in the

other swamp-giants of the late Cretaceous, but they may perhaps be

shown by further study.
^*'^

In sum, we may find in the hypothesis of recurrent climatic change,

and in the primary adaptation of the dinosaurs as a dry-land adaptation
of Eeptilia and their secondary readaptations to forest and swamp life,

a fairly satisfactory solution of their distribution and phylogeny. Lull,

in his able discussion of the subject (1910), explains their adaptation

along these lines. But at present our data, both of correlation and

identification, are too uncertain to allow of positive and detailed con-

clusions in regard to the centers of dispersal and course of migration of

the dinosaurs. That the sauropods survived in the southern continents

long after their extinction in the north appears proven, if we accept the

stated geological correlations of the southern formations where they are

found and set aside as an erroneous identification the reported occurrence

of a sauropod in the Dan Ian of France. ^°' That the Theropoda survived

into the Eocene in South America and Theropoda and Predentata into

the Paleocene in North America is not improbable on a priori grounds,

1*1 L. DoLLO (Bull. Soc. Belg. G60I., xix, p. 441. 1905) has shown that the quadrupedal
gait of many of the Predenlate dinosaurs is a secondary adaptation from hipedal ances-

try. I believe this to be true, to a less extent, of the Sauropoda as well.
"2 p. NopscA (Rep. Geol. Mag., vol. vii, p. 261. 1910) states that the femur on

which this recorded occurrence is based is not a sauropod but a trachodont dinosaur,
allied to or identical with Telmatosaurus of the Gosau beds of Austria.
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but the evidence that they actually did so survive is open to serious

question. So far as they go, the facts accord v^^ith the dispersal of the

dinosaurs from the northern land mass. And so far as I have been able

to review the data, the migrations of the order could be made to conform

with the present distribution of continental and abyssal areas (Mada-

gascar excepted^"^) about as well as with the different distribution upon
which they are plotted by Dr. Lull.

It is significant in this connection to note that young individuals are

very rarely found in the dinosaur formations. Thousands of individuals

are found together in some of the great quarries, pertaining to a great

number and variety of genera and with a wide range in size, but it is

very rare to find young individuals among them. This fact is well known

to collectors, but has not, as far as I know, been commented upon in

print. It is true that young individuals are less clearly distinguished

from adult among reptiles than among mammals, the chief difference

being the imperfect ossification of the bone structure, and that such im-

perfectly ossified bones are likely to be poorly preserved and might often

be rejected by collectors on this account. But making all reasonable

allowance for these considerations, there remains a very notable contrast

with fossil mammal quarries and fossiliferous formations, in which young
individuals are always to be found among any considerable number of

adult specimens and often are more numerous than mature individuals.

This may be interpreted in conformity with the above theories as to

the habitat of dinosaurs, by supposing that the young dinosaurs were

more dry land or upland animals, retaining the ancestral habitat, and

coming down into the swamps only when they reached maturity and

their larger size made an amphibious or aquatic habitat more suitable.

The young animals would rarely or never visit the swamps and deltas,

whose formations have alone been preserved, and their fossil remains

would be correspondingly scarce.

^oung crocodiles, so far as I can gather from various descriptions, are

somewhat more terrestrial in habit than the full-grown animal, but the

difference is evidently not considerable. Analogous cases among fish,

marine types breeding in fresh water and vice versa, are well known.

The migration of birds has also some analogy, if, as may often have been

the case, the swamp dinosaurs resorted to dry land for breeding and egg-

laying purposes. In either case the breeding or egg-laying place would

be presumptively the ancestral habitat of the race.

"3 The Cretaceous sauropoda of Madagascar may have reached that island in the same
manner as the hippopotamus did at a later period, namely by swimming.
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CHELONIA

The publication of Dr. Hay's splendid monograph'"* upon the extinct

Chelonia of IS^orth America has added a great deal to the available data

for explaining the distribution of this group. So far as the Tertiary

and modern distribution goes, it conforms to the same lines of dispersal

as do the various orders of mammals. The pre-Tertiary history of the

order is mostly too fragmentary to afford any important data bearing,

pro or con, upon the theories here presented. The whole order is in

general conservative and persistent to a high degree, like the Crocodilia.

The occurrence of giant tortoises (Testudo) on several oceanic islands

and in Australia and Patagonia (Meiolania) has been adduced as evi-

dence for continental connection of these islands and for an Antarctic

connection of the two southern continents. Plere, as in the case of the

carnivorous marsupials cited on page 265, the evidence will not bear close

examination. In the first place, we know that large tortoises of the

genera Testudo and StyUmys are among the most abundant fossils in

the Middle and later Tertiary of the Nearctic, Palsearctic, Oriental and

Ethiopian regions. So far as we can judge, they were cosmopolitan,

except Australia and Patagonia. They occur in the Pleistocene of Cuba

and Madagascar and survive to the present day in certain islands in the

Indian Ocean and in the Galapagos Islands. So far as these oceanic

islands are concerned, if we assume that their presence in one involves

continental union, it must do so in all. If such continental union oc-

curred, it is hardly conceivable that, in each instance, tortoises alone

would have made their way to the islands. We must infer for each and

eveiy one of them a vertebrate and invertebrate land fauna. Where is

that land fauna, and why has it perished ? The idea of selective drown-

ing might possibly be entertained if we had to do with only a single

instance, but is too absurd for serious consideration, when we deal with

several instances of the survival of the same race. The only reasonable

method of accounting for the presence of Testudo on these islands is

that its facilities for oceanic distribution are somewhat better tlian those

of mammals and that it arrived by over-sea transportation.

The most recent argument for land connection of the Galapagos
Islands is by Dr. Hay.'"^ He advocates a connection with Central Amer-

ica, via a submerged ridge which is shown in the reports of the Blake

Expedition to extend southwest from Costa Pica towards the islands.

i« O. p. Hay: "Fossil Turtles of North Amorica." rarnoRie Institution Publ. No. 75.

1008.
105 O. I'. Hay, /. r.



MATTHEW, CLIMATE AND EVOLUTION 281

The depth of this ridge Dr. Hay omits to state, but the soundings indi-

cate it as being upwards of ten thousand feet, so that it does not mate-

rially affect the improbability of an elevation to this extent. The Gala-

pagos Islands are purely volcanic in origin and stand upon a platform

less than a thousand feet in depth, similar on a smaller scale to that

which surrounds the continents and presumably open to similar inter-

pretation. If so, the islands have, probably, been more or less completely

united at periods of continental emergence and completely isolated at

periods of continental submergence (if any such have occurred since

they were first upbuilt from the ocean floor by volcanic ejectamenta)

but never connected with the mainland. As the island platform is less

extensive than Madagascar or Cuba, farther from the mainland and

without intervening island stepping-stones, the opportunities for success-

ful colonization through rafts or other means of transport have been

fewer, and have not succeeded in introducing any mammals or amphib-

ians and but few reptiles and invertebrates. The most favorable oppor-

tunity for such colonization would be when the islands were at their

maximum elevation—towards the end of the Tertiary, if this corre-

sponded with the elevation of the mainland—as at that time the extent

of coast and consequent probability of making a landing would be much

greater. The subsequent isolation of the islands by submergence ac-

counts for the presence of distinct although related species on different

islands. Thus the series of "miracles of transportation," which Dr. Hay
finds it so difficult to accept, dwindles down to a single "miracle" and

to one which he must invoke to account for the populating of the more

remote Pacific islands, and which, when considered in relation to the

time involved, does not really involve any serious improbability. On
the other hand, if a miracle be an exceptional occurrence in apparent

contravention of all probabilities, and without assignable causes in nat-

ural law, I think the processes of selective drowning, or of selective

migration of sporadic elements of a fauna, involved in the alternate

hypothesis, in addition to the elevation during the late Tertiary of

abyssal depths to the surface, unwarranted by any valid evidence, does

involve a series of miracles, almost as unworthy of belief on the evidence

offered, as the special creation of the species of the Galapagos Islands

appeared to Darwin.

The present distribution of species of Testudo on the islands of the

Indian Ocean has been partly changed by man, so that there is some

uncertainty about its details. Lydekker states it as follows :

"Madagascar, probably the Comoros. North and South Aldabra—small islands

lying to the northwest of the northern point of Madagascar—the Mascarenes



282 .\\\\Ls \i:\v yoh'K \c.\ni:\iy or sriiJXCES

or Masfarenhas, situated to tlie east of Madagascar and including Reunion,

Mauritius and Rodriguez and lastly tlie Amirantes and the Seychelles, wliich

are the most northern of tlie whole assemhinge and only about four degrees

south of the eciuator."
''*

Each of tliese groups of islands, except the Mascarenes, stands upon
a shallow platform, and is surrounded by abyssal ocean, upwards of 5000

feet between the Comoros and Africa, elsewhere upwards of ten thousand

feet. The three Mascarene islands rise separately from abyssal depths.

Madagascar is about 180 miles from the African coast; the other islands

are 400 to 600 miles from Madagascar; the present normal set of current

is unfavorable to transportation from Madagascar.
It is very frequently asserted that a bank of shallow soundings con-

nects India with Madagascar through the Amirante Seychelles group,

and that this indicates a former continental bridge of which these islands

are remnants. The facts are as above stated
;
the so-called bank is vei7

little above the general level of the floor of the Indian Ocean and is not

differentiated from it in any features of relief that would suggest its

former continental character.

The transportation of natural rafts five hundred miles against the

normal set of current—or five times that distance if from the East

Indies—is the most improbable element in this explanation. There is

no valid reason to suppose that the general direction of winds and cur-

rents differed materially in the later Tertiary from the present day
conditions. I do not think it necessary to assume with Dr. Lydekker
that the tortoises were of gigantic size when they reached the islands or

to ignore, as he does, the elements of parallelism in considering their

affinities to continental species. Xor does it appear that the difficulties

which he admits in accounting, on the hypothesis of former continental

union, for the absence of the rest of the fauna, should be "set aside for

future consideration." They add so greatly to the improbability of the

hypothesis, that in conjunction \vith the physiographic difficulties it

appears wholly out of range of reasonable probability. On the other

hand, an investigation of the very variable direction of the winds and

currents in the Indian Ocean would probably yield data to reduce the

improbabilities in the hypothesis of over-sea transportation as above

stated. The third possible hypothesis is that the present distribution is

due in part to human agency, not necessarily limited to the historic

period. If this factor may account for a species of Cams in Australia

distinct from the living species of Arctogaea, it may perhaps help to

account for peculiar species of tortoises as well.

100 Science Progress. October, inin. p. 303.
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As for Miolania, it occurs in the Notostylops Beds of Patagonia and in

the Pleistocene of Australia. The Notostylops Beds are Eocene, as here

advocated. The persistence of so highly specialized a genus for so long a

period appears surprising; if they are Lower Cretaceous, as Ameghino

asserts, it is quite unprecedented. My acquaintance with chelonian anat-

omy is not adequate to warrant my venturing an opinion as to how far

parallel evolution from less specialized Pleurodira might account for this

anomaly. But we certainly do not know to what extent this genus or a

less specialized pleurodiran ancestor may have been aquatic or even ma-

rine in its habits. And unless we suppose that it had some such semi-

marine adaptations which would enable it to cross a marine barrier im-

possible for terrestrial mammals, I do not see how to account for its reach-

ing Australia without any of the Notostylops mammalian fauna accom-

panying it. We cannot believe that a placental fauna ever reached Aus-

tralia, for if it had we should not see the development of a marsupial

fauna on analogous adaptive lines to take its place. Miolania, then, could

cross some barrier, presumably an ocean barrier, which land mammals

could not; and it becomes merely a question of how wide a barrier this

extinct chelonian of unknown habits could cross. The present lines of

the continents within the continental shelf would not present materially

greater difficulties in its reaching Australia via Antarctica than Testudo

has managed to surmount in reaching Mauritius and the Seychelles, and

I think we are justified in saying that the occurrence of Miolania has no

weight as evidence of former Antarctic connections of the Southern conti-

nents and, in fact, is opposed to any actual land connection.

The following notes on the distribution of the land Chelonia are sum-

marized from Dr. Hay's monograph :

Cryptodira are the dominant group of turtles and compare with the pla-

centals among mammals. All continents except Australia.

Chelydridce.—Central America, eastern North America and New Guinea.

Apparently a relict-distribution, but the family is unknown fossil.

Dcrmatemydidre.—Part of Central America. Found in abundance in North

America in the Upper Cretaceous and in reduced numbers during the Tertiary.

Emydidiv.—Chiefly Holarctic and Oriental. A few have reached South

America, none in Ethiopia, Madagascar or Australia. First known in Holarctic

Lower Eocene.

Testudinidce.—Very abundant in Tertiary Holarctica but now mostly re-

stricted to its southern margin. Alnindant now in Ethiopia and a few species

in Neotropical and Oriental regions: also in oceanic islands. Present in Su-

matra, absent in Java, present in Celebes but absent in Borneo. These and
other features are very suggestive of man's having had much to do with the

local extinction of Tortoises. For obvious reasons this family would be pecu-

liarly subject to his ravages.
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Pleurodira.—Now limited to the three southern continents. Ilobirctic in the

later Mesozoic and early Tertiary, and the extinct Amphichelydia from which

they are descended were likewise a Holarctic jri'oup. The occurrence of closely

related genera in South America and Madagascar is used in support of a

Brazilian-Ethiopian-Malagasy land connection. It would be interpreted in

conformity with the views here advocated, as due to common descent or to

parallel evolution from Tertiary Pleurodira of Holarctica.

Trionychidcr.—The distribution of this grouj* is exceptional in that it is en-

tirely absent from the Neotropical region and the Pacific coast of North

America, while common to eastern North America, the Ethiopian, Oriental and

southeastern I'ala-nrctic regions and New Guinea. Ameghino records Trionux

from the Notostylops Beds of Patagonia,"' indicating if the identification be

correct that the group was formerly present in South America. It is found

abundantly in the Cretaceous and Tertiary of North America and in the older

Tertiary of Europe; absent from Australia and Madagascar.

Presumably this is a relict-distribution of an ancient group, whose facilities

for transportation were relatively limited. It should be noted that the hy-

pothesis of over-sea transportation on rafts would be less applicable to aquatic

animals than to their terrestrial relatives, as they would be less likely to be

carried out to sea on floating vegetation, on account of their ability to leave

it at will for the shore. But the absence of the group from the Neotropical

and Western Nearctic, and its presence in New Guinea, are anomalous features.

CEOCODILIA

The crocodiles are usually regarded as the most conservative of the

reptilian orders. This is true enough, so far as adaptive specialization

from the primitive amphibious environment into the higher plane of ter-

restrial habitat is concerned. Their expansional tendencies have been in

the other direction, towards invasion of the marine province.

The present geographic distribution of the group is as follows :

Narrow f Gavialis, India,

snouted 1 Toniiatotna, East Indies.

Broad
snouted

Allifjator. Southern United States, China.

Crocodilus, Africa, southwest Asia, Oriental and northern Austra-

^ lian regions, tropical America and West Indies.

CainKui, Tropical America.

Osteolcemus, West Africa.

This is very clearly a remnant-distribution and is explained, at least in

part, by the occurrence of crocodiles in the Tertiary. Fossil Crocodilia

are abundant in the early Tertiarics of Europe and North America. The

European species, according to Zittd,^""' belong partly to Crocodilus,

i<" Fl. Ameghino : "Age des Formations Sedimentaires de Patagonie,"' Anal. Soc.
Cient. Argent., torn, l, liv. p. 52 of separata. 1003.

i»« K. A. VON ZiTTEi. : Grundziige der I'aUiontologle, 2e Aufl., ii Abteil., s. 272. 1911.
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partly to the extinct genus Diplocynodon, in which the proportions of the

skull are like Alligator, but with a notch for the lower canine, like Croco-

dilus, while the armor, especially the belly armor, is like that of Caiman.

North American Tertiary Crocodilia are all with one exception referred

to Crocodilus, but the armor is incompletely known, and they may prove

also to include Diplocynodon. Gavialis is recorded from the late Tertiary

of India; Tomistoma and Crocodilus occur in the Oligocene of Egypt
and Tomistoma in the Miocene of southern Europe. The common Egyp-

FiG. 32.—Distribution of the Crocodilidw

Originating probably in Cretaceous Holarctica, they have been restricted to the pe-

ripheral continents by inability to become adapted to cold climates. Note discontinuous

occurrence of crocodiles and of alligators, the last the most specialized, as Caiman and
Osteolwmus are the most primitive of the living genera.

tian Oligocene species of Tomistoma is intermediate between this genus
and Gavialis.

The Upper Cretaceous crocodiles are nearly allied to those of the early

Tertiary.

The Jurassic and Comanchic crocodiles include also long-snouted

gavial-like forms, more or less marine in habitat, and broader-snouted

crocodile or alligator-like forms of more strictly fresh-water habitat. All
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have amphicoelous vertebrae, whereas all Cenozoic and late Cretaeic croco-

diles have procoelous vertebras. It is commonly believed that certain of

the narrow-snouted types (Teleosaurus) led into the <ravials. tlie l)road-

snouted (Goniopholids) into crocodiles and alligators; and that the

broad-snouted types lirst appearing in the Upper Jura are derived from

the teleosaurs which first appear in the^MJddle Jura. Neither of these

propositions seems to me to be probable. The narrow-snouted crocodiles

are characteristic of marine or semi-marine formations, the broad-snouted

kinds of fresh-water formations; the known formations of the Middle

Jurassic are chiefly marine, those of the Upper Jura chiefly fresh-water.

If we turn back to the Trias, we find that in the allied Parasuchia

there were also long-snouted {Mystriosuclius and Rutiodon) and broader-

snouted (Belodon) types
—both of fresh-water habitat, but apparently

less aquatic than Crocodilia; in the allied Pseudosuchia the snout was

short, and the adaptation to amphibious or fresh-water life; wliile the

more distantly related dinosaurs were terrestrial and short-snouted.

Upon these data, it appears to me more reasonable to suppose that the

Triassic Mystriosuchus and Rutiodon, the Jurassic Geosauridae, Teleo-

sauridse and Metriorhynchidaj and the Tertiary Gavialidge are all inde-

pendent successive adaptations to a fish-eating diet and a more or less

marine habitat and that 1:he Jurassic Goniopliolida? are the source of all

the modern Crocodilia. This will also relieve us from the necessity of

supposing that procoelous vertebrte and a number of other identical char-

acters were independently and simultaneously acquired in two phyla of

diverging adaptation. The accepted view involves the anomaly of asso-

ciating divergent adaptation with convergent structural evolution.

However this may be, we are justified in assuming certain characters

as primitive among the modern Crocodilia, since they are common to all

the older types. These are the following:

1) More complete and consolidated ventral armature. Common to all the

Mesozoic genera, retained in Diplocynodon of the European Tertiary and the

modern Caiman and OstcoUrmus.

2) A notch instead of a pit in the upper jaw for reception of the lower

canine. Common to nl! the short-snouted crocodiles of the Mesozoic and Ter-

tiary, retained in the modern Crocodilus.

3) Amphioo'lous vertebne. Common to all Crocodilia and related groups up
to the middle Cretaceous, lost in most Upper Cretaceous and all Tertiary"*

and modern genera.

4) Large supratemporal and small lateral temporal fenestne. The upper

temporal fenestra is large in all Mesozoic Crocodilia, considerably smaller in

the gavials, quite small in Crocodilus, Alligator and Caiman.

"8 Except NotOS II eh tin of the Patagonlan Eocene.
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5) Posterior nares more anterior in position. In the Mesozoic crocodiles,

the choanse are situated at the posterior end of the palatines in the long-

snouted groups, while in the short-snouted Goniopholidte, they have moved

further backward, between the palatines and pterygoids. In the modern

Crocodilia, they are still farther backward, entirely enclosed within the ptery-

goids. This is an adaptation to lying submerged with the nostrils only pro-

jecting above the surface of the water and enables the animal to breathe

comfortably in this position. It would naturally develop in the slow, omniv-

orous broad-snouted crocodiles and not in the swift-moving fish-catching, long-

snouted types ; hence its greater development in Goniopholidae than in teleo-

saurs, etc. The fact that it is fully as much developed in gavials as in croco-

diles is another reason for deriving both from Goniopholid ancestry.

According to the above criteria, Alligator is the most progressive mod-

ern genus.^^'' Caiman is primitive in (1) ; Osteolcemus in (1) and (2) ;

Crocodilus in (3) and to some extent in (4) ; Gavialis and Tomistoma

are primitive in (4), divergent in adaptation in other respects, so that

comparisons would be miprofitable. We may conclude, therefore, that so

far as they go, the Crocodilia accord with the general lines of distribu-

tion of other groups. They ranged much farther north during the Ter-

tiary than they do now; the most progressive modern genus, Alligator,

has the most northerly range, and the jSTeotropical Caiman, the West

African Osteolcemus and the cosmopolitan tropical genus Crocodilus are

primitive in one or another respect. The gavials also had a wider and

more northerly distribution during the Tertiary.

That the present limits of range are conditioned chiefly by tempera-
ture and climate, and that the much wider range in the early Tertiary
was due to a warmer climate towards the poles, will hardly be questioned.

Of previous limitations and expansions of range in the order, due to

previous secular alternations of climate, there is no adequate evidence.

The distribution of the more primitive modern genera in widely sepa-

rated parts of the tropics; the occurrence of the most progressive genus
on the northern borders of the range of the order in tw^o widely separated

regions, and, finally, the survival in the Eocene of Patagonia of a croco-

dile, Notosuchus, of the Mesozoic type which had disappeared from the

Northern world by the Middle Cretaceous,
—these facts point to a north-

ern rather than a tropical or southern center of dispersal for the order;
but the evidence is slight and far from conclusive.

"0 R. L. Ditmars, of the New York Zoological Park, has observed that crocodiles are

decidedly more active and ferocious animals than alligators. I would not interpret this,

however, as meaning that they are more progressive, in the sense here used, since the
adaptation of the typical Crocodilia is not towards an active life.
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LACERTILIA

Lizards arc the largest group of the Eeptilia, comprising over 1800

species, mostly of small size. Most of them are active animals, and a

large proportion are adapted to rocky and desert habitat and arid climate.

They are more dependent on external warnith than mammals and birds,

and consequently are excluded from the colder regions; their means of

dispersal are perhaps less limited than with mammals, if we may judge
from their wider distribution, for they do not appear to be of more

ancient origin. Unfortunately, the rarity and fragmentary nature of

their fossil remains stands in marked contrast with those of mammals,
and our evidence as to their evolution and dispersal is chiefly indirect,

based upon the modern distribution, and is neither conclusive nor con-

vincing. Such as it is, it compares fairly well with corresponding dis-

tribution features among the smaller Mammalia and points to the same

conclusions. But it emphasizes the importance of occasional over-sea

transportation as a factor in distribution. Gadow observes"^ in regard

to the Geckos, the most cosmopolitan of all lizards :

"Although not at all aquatic, they are particularly fit to be transported acci-

dentally on or in the trunks of floating trees, to which they cling firmly, and

they can exist without food for months."

Other groups are somewhat less easily transported in this way, and to

quote the same authority:

"It is a most suggestive fact that most of those families of Reptiles, and
even of other vertebrates which have a wide distribution and are apparently
debarred from transgressing Wallace's line, are also absent from Madagascar."

The iguanas are chiefly Neotropical, but they occur also in Madagascar,
in the Fiji and Friendly Islands and in the West Indies and Galapagos

Islands, as well as on the American continent. Fossil iguanas are re-

corded from the Upper Eocene and Oligocene of Europe and from the

Upper Cretaceous and Middle Eocene of the western States. If these

determinations be correct, they must formerly have been more cosmo-

politan. Their presence in Madagascar is most reasonably explained by
their former presence in Africa, which is rendered probable by the fact

that they occur in the early Tertiary of Holarctica, along with various

mammalian groups which certainly did reach Africa. Their disappear-
ance from the mainland of Africa may be coupled with the invasion of

other later developed groups, Zonurida^, VaranidiB, Lacertida^, which

"1 Hans Gadow : Cambridge Natural History, vol. vlll, Amphibia and Reptiles. 1901.
The distribution data for lizards and amphibians are mostly based upon this authority.
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were prevented from reaching the New World by the absence of any land

bridge or land approximation within their temperature limits. One:

genus of Zonuridse has likewise reached Madagascar. ;

Bearing in mind the progressive limitation of northerly range of the

Lacertilia by the secular refrigeration of the polar regions during the'

Cenozoic, we can see that, if the distribution of land and water has not

greatly changed except within the 600 feet limit, any families arismg,

during the middle or later Tertiary would be limited to the old or to the;

new world. While the distribution of various lizards in oceanic islands

compels us to admit that they can cross considerable bodies of water and

obtain a foothold on an imperfectly populated island area, yet the proba-

bilities of their crossing the whole width of a broad ocean and maintain-

ing themselves against competitors trained in the broad arena of a great

continent appear to be very much less and almost negligible. Conversely

then, we may assume that a distribution, such as that of the Scincidse,.

Iguanidse, Geckonidse, Anguidge and Amphisbasnidffi, involves the evolu-

tion and cosmopolitan distribution of these families as early as the Eo-.

cene. The Agamidae, Varanid^, Lacertidse, Zonuridaj, Chamaeleontidse

are Old World families, and none are known from the New World. The

Zonuridee may well be regarded as of Ethiopian evolution; if not, they

must be a remnant of a very ancient stock. The same may be said of the

Chamseleons, except that if Ethiopian they reached as far as India.

The Lacertidse, the highest, or at least most t3rpical family of lizards, are

evidently the most recent development ; they have not yet reached Mada-

gascar or Australia, and their northern limit is higher than in any other

lizards. The Varanidas and Agamidse have not reached Madagascar but

have spread widely through Australia. The evidence from extinct lizards

is very slight, the remains are scanty and mostly too fragmentary for

positive family identification. Of the several genera from the Eocene

and Oligocene of North America, two are positively referable to the worm-

like Amphisbaenidffi, whose present distribution in tropical America, the

West Indies and Africa is thus partly explained as a remnant of a former

wider northerly range and presumably Holarctic. Of the remaining
North American Tertiary genera, Peltosaurus and Glyptosaurus are re-

ferred to the Anguidai;^^- the remaining genera are too fragmentary for

reference or have not been studied.^^^

"2 Eael Douglass : Ann. Carn. Mus., vol. 4, p. 278. 1908.

^*The recorded presence of Iguanidae (Iguanavus) in the Cretaceous and Eocene, while
not provable, is not unlikely; that of Chamwleon (C. pristinus) In tbe Upper Cretaceous
is improbable and based upon insufficient evidence; the reference of Thinosaurus (Middle
Eocene) to the Varanidte appears to be merely a matter of bibliographic convenience ;

the specimens are probably definitely referable, but the only expressed opinion as to

their affinities is by Boulenger (1891), who suggests their relationship to the Teiidse.
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In general, so far as I can judge, the Lacertilia lend no support to

the theories of transoceanic bridges. Their widespread insular distri-

bution must in some cases, and may in most others, be explained by
over-sea transportation. They lend some support to late Tertiary eleva-

tions to the continental shelf line so as to include the continental islands

and to a line of separation in the East Indies which some, but not all,

were able to cross; those which did succeed in crossing it spread widely

through Australia, indicating more continental conditions, and also indi-

cating in these families a capacity for crossing marine barriers which

enabled some of them to reach Madagascar, New Zealand and various

Pacific islands.

The ratio of their abundance in regional faunae is apt to be inversely

to the full development of mammalian life. Where mammals are scanty,

as in oceanic islands, lizards partly take their place ;
and this is true of

some continental regions as well as of oceanic islands. In the typical

continental fauna, the lizards are largely restricted to desert or rocky
habitat and are of small size. Yet these last are the most typical mem-
bers of the order.. They show what its primary adaptation was. Various

readaptations appear, to fossorial, to aquatic, to arboreal or to terrestrial

forest life, repeated again and again in different families and causing

frequent parallel divergencies from the primary type. This primary

type, I regard as an adaptation to a Mesozoic arid period. The moist

uniform climatic phase of the early Tertiary would tend to develop large

forest living and aquatic forms and restrict and provincialize the more

typical lizards. During the middle and later Tertiary, the typical lizards

would expand and multiply in numbers and variety, but, on account of

their lack of adaptability to cold climate, their evolution was not so

much a successive series of dispersals from a Holarctic center, as a

provincial evolution from the arid centers of the great continents. Such

a priori hypotheses are of little value, however, except as confirmed,

modified or refuted by detailed study of the affinities and geographic
distribution of the genera of each family, checked by a wider knowledge
and more thorough study of the fossil forms. Until the fossil Lacertilia

have been thoroughly studied and their affinities authoritatively esti-

mated, any conclusion whatsoever as to the evolution and distribution of

the order remains highly hypothetical.

Dr. Gadow's recent study^^* of the distribution of Cnemidophonis and

its interpretation is an excellent example both of the value of such de-

tailed studies and the need of carefully distinguishing between what the

"* H. Gadow : "A Contribution to the Study of Evolution based upon the Mexican
Species of Cnemidophorus," Proc. Zool. See. London, vol. 1, pp. 277-375. 1906.
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data themselves indicate and what is assumed as true from other evidence.

He concludes,
—

1) That the species are the product of their environmental conditions;

2) That their dispersal center was in western Mexico, whence they have

spread northeast as far as Texas and Florida, southwardly into South Amer-

ica, northwestwardly into Lower California ;

3) That the primitive type was nearest the Texas and Floi'ida species.

He assumes—evidently on some other grounds
—

1) That a great land area stretched out from Mexico far into the Pacific

during the Tertiary all the way between Lower California and Central

America ;

2) That the central tableland of Mexico was a vast fresh-water lake during

most of the Tertiary ;

3) That Cuba was connected with the American mainland during the Oligo-

cene (this assumption underlies the statement that, since the Floridian Cnemi-

dophorus did not reach Cuba, its migration must have occurred as late as

Miocene).

Ortmann/^° reviewing tliis paper, takes, as proven by Gadow's studies,

not merely the points actually indicated but also the assumptions which

are entirely unnecessary to explain the data but which Dr. Gadow evi-

dently feels obliged to take for granted. In fact, these assumptions
interfere with a reasonable interpretation rather than help it, and all

of them are questionable, to say the least. The great Tertiary lake is,

I suspect, on all fours with the vast interior '^'lakes'' of the Plains region

of the United States, which the progress of physiographic and paleon-

tologic studies have relegated to the domain of m3'i;h. The connection

of Cuba with the mainland of either North or South America involves

the same difficulties as the connection of Madagascar with Africa. The
recent discoveries by Dr. de La Torre of a Pleistocene vertebrate fauna

in Cuba strongly confirm this analogy between the Cuban and Malagasy
faunas. The existence of extensive land west of the present Pacific coast

line is an equally unnecessary and improbable hypothesis. On the other

hand. Dr. Gadow fails to take into account the barrier between North

and South America which prevented or hindered intercommunication of

land faunas during a large part of the Tertiary, while it permitted inter-

communication of marine faunae during the Eocene. I am not here

concerned with its nature but may venture to point out that its bearing
on the differentiation of species would be important. For, once across

that barrier, an invading species would find itself in unfamiliar environ-

ment on account of differences in the autochthonic fauna and flora, even

^ A. B. Ortmanx : Geog. Jahrb., vol. xxxi, p. 262. 1908.
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though the physical environiiiGiit were similar. If tiie rising of the

Mexican tableland conditioned the dispersal of the genus from that

center, we can see in this different biotic environment the reason why
the marginal species in North America should be primitive, while the

marginal species in South America are highly specialized. In general,

it would be true that the species of the dispersal center (or those nearest

to it, where, as in this case, it has become ill adapted for the habitat of the

race) will ho the most progressive and those of tlie marginal areas nearest

the primitive stock. But where the scattering primitive forms, in fol-

lowing the primitive climatic conditions, arc brought into a new floral

and faunal environment, this may profoundly modify tliom and cause a

rapid divergence and specialization.

Dispersal of Birds

As a class, birds are extremely difficult in their taxonomy. They are

held closely to type in comparison with mammals, and the differences

between them are mostly directly and obviously due to adaptation.

Adaptive parallelism obscures the true affinities to such an extent that

even at the present day the major classification is somewhat uncertain.

This difficulty is the greater on account of their rarity as fossils. There

is no reason to interpret this rarity as indicating any lack of abundance

of birds in the faunae of Tertiary and later Mesozoic time
;
it is presum-

ably to be accounted for by their generally upland habit, small size and

the lightness and fragility of the skeleton. The small minority of fossil

birds which are known from anything more than a few fragments are,

with two or three notable exceptions, aberrant types
—

ground-birds,
marine or lacustrine types, whose habitat facilitated their preservation
as fossils. By far the most notable and instructive of these exceptions
is Archceopteryx.

It has been customary to class the greater number of the ground-birds

(RatitEe) as a more primitive sub-class. On a priori grounds, this may
be correct enough, since it would appear theoretically that feathers must
have preceded flight, the ability to fly being conditioned by high organ-
ization plus small size, and this would involve a rapid circulation and

high temperature, which could hardly be attained without a nonconduct-

ing coating over the body. But it appears certain that most, and possible
that all of the existing ground-birds are rcadaptations to terrestrial

habitat from flying ancestors, and their resemblances are due almost

wholly to adaptive parallelism.

Owing to their powers of flight, the dispersal of birds is much less
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limited and conditioned by distribution of land and water or by moun-

tain or desert barriers than is that of mammals. Climate and environ-

ment are much more important factors. Their dispersal is accordingly

much wider, and this is especially true of the more migratory and strong-

flying types. The general course of their dispersal from the northern

land masses is in some respects much more obvious than with the Mam-

malia, provided we allow for the extreme imperfection of their geological

record; but on this account, it is not supported by the mass of direct

evidence which we have among mammals.

The most primitive living birds, the penguins, are Antarctic in their

distribution, and as fossils are known only from the Antarctic Tertiaries,

where they include gigantic terrestrial adaptations. It is of interest to

note that the only actually known land vertebrates of the Antarctic con-

tinental area are penguins. If this continent had been united during

the late Mesozoic and early Tertiary to Australia and South America,

we should expect to find a fossil mammal fauna, probably highly pro-

gressive and specialized before the spreading ice swept it out of existence.

We might, indeed, -hope to find a few marine adaptations from this mam-
malian fauna still haunting the edges of the Antarctic pack. But in

fact, the three items which to my mind have a bearing upon early Ter-

tiary conditions in Antarctica all point towards continued isolation and

obviously parallel the fauna of oceanic islands. These are,
—

1) Gigantic land-penguins in the ? Eocene deposits of Seymour Island

(also in Patagonia). Compare with the gigantic land birds of various

oceanic islands, correlated with paucity or absence of land mammals.

2) The living marine penguins are not readily interpreted as a pri-

marily marine adaptation, but they are very easy to understand as modi-

fied survivors of a group formerly of terrestrial habits, altered to meet

the present conditions under which alone could life be maintained on

the Antarctic shores.

3) The occurrence of Miolania, as interpreted on page 283, is sug-

gestive of the former presence of giant land-turtles in Antarctica, al-

though not explainable as evidence of former land connections with South

America and Australia.

There may be other indirect evidence in the distribution of marine

Vertebrata and Invertebrata, which, if conservatively interpreted, would

confirm or disprove these indications. So far as they go, they suggest
that ground-birds and land-turtles were the large land vertebrates of

Tertiary Antarctica as in oceanic island faunae of to-day.

The distribution of modern land birds is universally interpreted in
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terms of Northern derivation. Oceanic, desert or mountain barriers

have been much less efficient in limiting their range, and the efficiency

of the climatic factor is much more obvious than with mammals. Their

dispersal from a Holarctic center in successive waves of migration is

indicated by the dominantly Holarctic habitat of the highest and latest

developed groups, by the generally tropical habitat of archaic groups

often highly specialized, whose ancestors or 1'elatives are in many cases

known from the Holarctic Tertiaiy, and by the fact that the southern

continents are peopled, not by a series of dominant groups corresponding

to the Holarctic groups, evolved in a common Antarctic center, but chiefly

by groups of more or less tropical affinities and by a few northern groups

which have crossed the tropic barrier. There are many groups of birds

living to-day in the widely separated tropical regions whose ancestors

have not thus far been discovered in the Holarctic Tertiary. But they

correspond, both in distribution and in relative position in the classifica-

tion, with other groups which the geologic record proves to have origi-

nated by dispersal from Holarctica, and there is no valid reason for

assuming any other origin. The geologic record of Tertiary birds is far

more fragmentary than that of Tertiary mammals and especially in the

Nearctic region.

It should further be observed that the perching birds represent the

primary adaptation from which the various specializations
—

terrestrial,

wading, marine, etc.—have diverged, and that, in consequence, these

divergently specialized forms retain various archaic features which have

been lost by the central group.

The relations, dispersal and present distribution of birds are thus

wholly in accord with the principles here set forth. The detailed appli-

cation of these principles is beyond the limits of the present discussion.

Dispersal of Amphibia

The modern Amphibia include a few small and for the most part

highly specialized survivors of a group whose period of dominance dates

back to the Paleozoic. Of their Mesozoic and Tertiary ancestry almost

nothing is known. The Stegocephalia, the dominant Amphibia of the

Permian, were far less aberrant and much nearer to the contemporary

primitive Amphibia; their interrelationships are still far from being pre-

cisely definable, and, until these are better understood, it is futile to dis-

cuss the evidence which they may furnish as to former geographic con-

nections.

The distribution of the modern Amphibia is often notably discontinu-

ous, and in the absence of evidence from extinct types as to the real
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origin of these discontinuous distributions they are interpreted l)y many
authors as affording evidence for various transoceanic bridges. But they

are not essentially different from various instances of discontinuous dis-

tribution among Mammalia, except that they are probably in some cases

of more ancient origin, and are less restricted by ocean barriers.

The urodele Amphibia are Holarctic, save for one family, Plethodon-

tidffi, which has spread into northern South America and has also reached

Hayti. Although thus limited in dispersal, they would seem to be an

ancient group represented as far back as the Wealden by Hylceobatrachus,

said to be related to the modern Cryptohranclius}'^^ Their distribution

within Holarctica is more or less of a relict type, broken up by the mifa-

vorable environment of so large a part of this region, especially of the

central portion. The csecilians are tropical but have not reached Aus-

tralasia.

The frogs and toads have a wide dispersal, and so far as a superficial

view may show, the most primitive or archaic families are limited to the

peripheral continents and oceanic islands, while the more progressive

groups are more cosmopolitan, but have not yet reached all of the outly-

ing regions. Some of the families, at least, would appear to be of ancient

origin; Palceohatrachus, allied according to Gadow^^'^ to the Aglossa of

the Ethiopian and Neotropical regions, is recorded from the Jurassic of

Spain, and is said to be common in the older Tertiary of Europe. Among
the modern families the Cystignathidse are chiefly Australasian and Neo-

tropical, but a few are still found in North America. This distribution

parallels that of the polyprotodont marsupials, except that the latter have

not reached New Zealand or the Antilles, or entirely disappeared from

the East Indian islands. The Discoglossidge inhabit the East Indies and

North America but have disappeared from the intervening portion of

Holarctica
; Discoglossus and other genera are found in the Middle Ter-

tiary of Germany. The Pelobatidee stretch across Europe and Asia and

northwestern North America. These three families represent evidently
three successive dispersals.

The other families are more cosmopolitan. The genus Bufo has failed

to reach Australasia, Madagascar or New Zealand, but is replaced in

Australia by a (more primitive?) member of the family. The Hylidffi

are to-day chiefly South American and Australian, but a few members
still inhabit North America, They are not found in Africa or the Orien-

tal region, where it seems reasonable to suppose that they have been dis-

placed by the true frogs (Ranidae), peculiarly varied and abundant in

1^8 F. Broili, In Zittel's Grundziige der Palseont., Yertebrata, s. 176. 1911.
""H. Gadow : I.e., p. 145. 1901.
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these regions. The EanidgR, like the Bufonidae, represent a less ancient

dispersal, probably from a southern Palsearctic or Oriental center, since

they have reached northern Australia on one side and northwestern South

America on the other, and, while they have reached Madagascar and the

Solomon Islands, they have failed to reach the Antilles.

These suggested lines of dispersal are based upon the present distribu-

tion interpreted in accord with the principle'fe outlined in previous pages
of this article. While the past liistory of the Amphibia is too little known

Ci/s/igna thidde.

FiG. 33.—Distribution of three families of Anura

These may be interpreted as due to three successive dispersals from the north. The
other families of frogs and toads are more widely spread, and their regional abundance
has conditioned certain peculiarities in the distributions here sliown.

to confirm them liy adequate direct evidence, I believe that good infer-

ential evidence might be obtained from a comparison of the progressive

or archaic characters of the skeleton in the different families. The fossil

Amphibia afford sufficient evidence to determine the broader lines of their

evolution and differentiation, although they tell very little about their

past distribution. The same conditions liold true with regard to the

fresh-water fishes.
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Dispersal of Fresh-water Fishes

The fresh-water fishes afford many striking illustrations of isolated

primitive survivals in the southern continents and especially in their

tropical parts. With marine fishes, the distribution is wider, as we should

expect, and the dominant types are generally world-wide in their distri-

bution. Yet, even with marine fishes, a superficial survey seems to show

the majority of primitive survivals along the southern coasts.

Fishes are, it is to be remembered, dominantly marine. The wider

field and more varied opportunities for development afforded by the

ocean waters, in contrast with the limited and isolated fields and uncer-

tain tenure afforded by fresh-water rivers and lakes, have conditioned

this. The fresh-water habitat for aquatic groups of animals stands in

somewhat the same relative position to the marine habitat as does the

insular to the continental habitat for land animals. It is the refuge for

survivors of primitive faunas. And, as in the insular land faunae, we are

constantly confronted there with the occurrence in widely remote regions

of archaic types apparently nearly related, whose similarity is partly due

to independent adaptation to a similar environment, partly to persistent

primitivism.

Lepidosiren in tropical South America, Protopterus in tropical Africa,

Ceratodus in tropical Australia are perhaps the most prominent examples

of extremely ancient survivals. These are survivors of early Mesozoic or

even Paleozoic marine and estuarine fishes of world-wide distribution,

and they have endured, in their tropical refuge, the several successive

periods of zonal climate which affected the environment of temperate and

tropical regions.

More pertinent to the problem in hand are the relationships of early

Tertiary fishes of the northern continents to the modern South American,

African (and Australian?) fishes. Here, again, I am compelled to dis-

sent from the interpretations and conclusions of so distinguished an au-

thority as Dr. Eigenmann,^^^ who, as it seems to me ignores certain very

important parts of the evidence.

There is a marked similarity between certain parts of the fresh-water

fish faunge of South America and of Africa. Eigenmann and others

would explain this by a former continental union, l)ut it is certain that

some, at least, of these now tropical types existed in the northern conti-

nents during the early Tertiary. Eigenmann^^'' asserts, indeed, that no

lis gee especially C. H. Eigen.manx : "Fresh-water Fishes of Patagonia," Reports
Princ. Univ. Exped. Patasconia, vol. iii. parts iii-iv. 1000-10.

""C. H. EiGEX.M.wx : Popular Science Monthly, 1906, p. 523.



298 .4^'^^lL^• yi:w yonk academy of sciences

part oi the modern Soutli American fresh-water fish famia is derived

from North America ;
but how he reconciles this with the recorded pres-

ence of several of the most typical genera in the Green Eiver Eocene of

Wyoming, I do not see.

A few cases in point may be noted, as follows :

Lepidosteiis, now Central American and southern Sonoran. Al)undant

in all the Eocene formations of the northwestern States, as also in Europe.

Pliractocephalus. Arins, etc., now South American, nearly related to

Rhineastes of the Bridger and Amyzon beds of the western States.

Osteoglossus of Brazil, Borneo and New Zealand, Vastres and Tletero-

tis, also southern types, closely related to Dapedoglossus of the Green

Eiver shales (Eocene).

The characins, which form so important an element of the modern

South American fauna, are, as Eigenmanu holds, largely a local expan-

sive radiation conditioned by the immense ramifying river-systems of

that continent. But, considered in their more general relations, they are

a primitive group, the northern cyprinids being a higher and later de-

velopment.

The catfish, which in the North have the characteristics of a disappear-

ing group, are numerous and dominant in South America. Eigenmann
calls attention to the paucity of the Patagonian fauna and its apparent

relations to that of New Zealand and Australia (Galaxiids and Ap-

lochitonida?). He does not, however, attach any great weight to this as

evidence for a former Antarctic connection, regarding it as "highly theo-

retical and precarious" so far as the fresh-water fish are concerned—but

"The evidence from other sources of a former land connection has be-

come conclusive." I might observe here that many students in other

groups are equally doubtful of the conclusiveness of the evidence for

Antarctic connections in the groups with which they are familiar, while

equally ready to accept as conclusive the evidence in groups with which

they are not I'amiliar.

As regards a connection of tropical Africa with tropical South Amer-

ica, Eigenmann is much more positive, basing it mainly upon tlio chara-

cins and cichlids, common to both continents. There is no species or

genus common to the two continents. Both J'amilies are relatively primi-

tive, as compared with northern related groups. As regards their former

presence in the northern world (which Eigenmann does not allude to) or

their parallel adaptation from marine forms of Cretaceous or early Ter-

tiary time, there is little satisfactory evidence. Nevertheless, the fact

that they represent an adaptive divergence from an intermediate and

more primitive type ancestral to carp and catfisli is a suggestive one.
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If now we compare the general relations of tropical fresh-water fishes

with those of the North, it will appear very clearly that the highest and

latest in appearance of the several groups are still limited to the northern

world, and that, in the tropics, more primitive groups exist, many of

them known to be former residents of the northern world, others much

nearer to known or inferred ancestral groups than are any members of

the present northern fish fauna. Where the environment favors, some of

these groups have branclied out into an immense variety and number, far

exceeding what is known in the colder north. But they are distinctly

less progressive. In the southern continents, we meet with some remark-

able parallelisms to the dominant types of the North, very suggestive at

first of Antarctic connections, but probably explainable (as in Gataxias)

in other ways. These groups impress one as highly progressive, although

less so than the northern groups; but they do not appear to have con-

tributed materially to the tropical faim®.

In some respects the fresh-water fishes present nearer analogies to the

birds than to mammals in their distribution; and this is no doubt con-

ditioned by their less strict limitation to land connections for their mi-

gration, and to the greater antiquity of the class.

General Considerations on the Distribution of Invertebrates

AND Plants

It would be unwise to attempt any survey of the paleogeographic data

afforded by invertebrates and plants. Lacking both tlie special knowl-

edge necessary for a critical consideration of the data, and the time neces-

sary to make even an adequate compilation, it would add nothing to the

argument. While, for reasons already given (page 272), placing most

weight on the evidence obtainable from mammals, I fully recognize the

importance and variety of evidence outside the Vertebrata, and the force

which attaches to cumulative evidence from several independent sources.

At the same time I must express a strong conviction that the sources are

not really independent, and that concordant results in several groups
which flatly contradict the results obtained by a study of mammals, can

only indicate one of two things. Either the interpretation of the evi-

dence among the Vertebrata is incorrect or there are factors of error

common to the interpretation of the several other groups which accord

in their disagreement. What these factors may be, I have already indi-

cated and have attempted to show that they account for discordant results

based upon the distribution of the lower vertebrates and interpreted as

involving radical changes between continental and abyssal regions which
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are highly improhahle, to say the least, from a geological point of view,

fiind which are not merely unnecessary hut apparently impossible when

we attempt to explain tiie distribution of the higher vertebrates in accord-

ance with them.

It is true that the evidence against such changes in prL'-Tertiary times

is less weighty, and that it diminishes further in the older periods of

geologic time. And the antiquity of many groups of imortebrates,

especially of land invertebrates, makes it impossible to limit the hypo-

thetical land bridges which their distribution is supposed U> rcquii'r. to

the Tertiary or even the Mesozoic. The permanency of the ocean basins

in the older geologic e])oclis is beyond the limits of this discussion.

So far as a superficial acquaintance shows, the general distributional

relations of most land invertebrata and of plants appear to me to accord

with those of the mammalia. Primitive and archaic^^" types abound

chiefly in the tropics. The most progressive and dominant types are

Holarctic. The southern continents show common groups suggestive of

an Antarctic radiation, but which may, like the marsupials or the chryso-

chloroid insectivores, be remnants of formerly cosmopolitan groups whose

resemblance is due rather to persistence or to parallel evolution iinder

similar climatic stimulus than to such close atfinity as would involve

Antarctic continental connections.

Where, as in the earthworms, we have no knowledge at all of their past

distribution, it is impossible to test this interpretation of their present

distribution; nor in such a group does it seem possible to estimate how

much and in what manner slow progressive climatic change might affect

their structural evolution, although climatic conditions are evidently

important in controlling their range.

The point that I desire to emphasize is that, if such an interpretation

as I have suggested be possible, it should be accepted in preference to

one which would involve such unexplainable difficulties in the distribu-

tion of the higher animals and such improbable physiographic changes.

No hypothesis can be finally accepted that does not conform to tlie facts

of distribution in all groups of animals and plants. It is not a matter

of preponderant evidence. Every anomaly must be explained, e\ery dis-

tributional fact must be interpreted in accord with the rest, before we

can consider theories of paleogeography as conclusively proven. It is

not sufficient that the evidence in one group or in ten groups has been

interpreted on concordant lines, so long as there remains an eleventh

group which cannot be so interpreted. But, pending a final agreement

.
IS" Ai'chaic is used in the sense of divergently specialized but Httle progressive.
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in our deductions from the evidence afforded by the various classes, it

appears to me that we should hold to conservative views rather than

adopt hypotheses of continental relations so much at variance with gen-

erally accepted geological principles and inferences.

To illustrate the point that these discrepancies are a matter rather of

interpretation than data I may venture to discuss one or two instances

among invertebrates prominently used in paleogeography.

INTERPRETATION OF DISTRIBUTION DATA OF CRAYFISH

I am indebted for my data on this interesting group to Dr. Ortmann's

valuable discussion of the geographical distribution of fresh-water

Decapoda.^^^ The interpretation, however, which I would place upon
the facts differs widely from his.

As Professor Huxley has observed, the real difficulty in explaining the

distribution of the crayfish is in their occurrence in the north and south

temperate zones, separated by a wide tropical belt in which none now
occur or are known to have occurred in the past. Two explanations offer

themselves :

1) Independent adaptation from marine types in the northern and

southern hemispheres. This would involve either former Antarctic con-

nections or independent adaptation also of the several southern groups
from marine types.

2) Former cosmopolitan distribution of crayfish, with subsequent dis-

appearance from the tropical belt and differentiation of the isolated south-

ern groups and of the more progressive northern groups.

The latter view is generally accepted, and seems to me more consonant

with the facts of distribution, e. g., presence of crayfish in Madagascar,
while they are absent from South Africa. I am unable to agree with

Dr. Ortmann that crayfish on oceanic islands necessarily involve a former

land connection, since such land connections as he finds it necessarv to

postulate would apparently involve the presence on these islands of con-

tinental faunge which are not now present, and whose absence cannot be

reasonably accounted for. For the reasons already presented I see no

difficulty in supposing that the crayfish of Cuba, Madagascar, New
Zealand or Fiji have reached those islands by accidental transport of

natural "rafts" through the agency of ocean currents, or by other acci-

dental means. The Australian and South American crayfish I should

regard as derived from the north, by way of the existing or slightly sub-

^ A. E. OnTMANN : "Geographical Distribution of Fresh-water Decapods and its Bear-
ing upon Ancient Geography," Proc. Amer. I'hil. Soc. vol. xli, pp. 267-400. 1902.
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merged land bridges, at a time when the northern crayfish were much

more primitive than now, and when, for reasons whicli I do not venture

to suggest, the tropics were a more favorable environment than now.

The northern crayfish have since evolved into Potamohius and Camharus,

the southern specialized into the more divergent Farastacus of South

America, Cheraps and Eugceus and Astacopsis of Australia and Tasmania,

Paranephrops of New Zealand and ? Fiji and Astacoides of Madagascar.
Of these southern genera, Astacoides is the nearest to the northern

types. This is to be expected, if the southern genera are remnants of a

cosmopolitan distribution derived by dispersal from the north
;
for the

Malagasy genus would be a derivative from Ethiopian crayfish, which

would be less remote from the north, and would be correspondingly more

advanced than in South America or Australia. As far as the more

special distribution of the northern crayfish is concerned, Dr. Ortmann's

paper affords data for the following interpretations.

Two genera are concerned, Camharus of the eastern Sonoran region,

and Potamohius (Astacvs of most authors) of the Old World and western

Sonoran region.

In his discussion of the genus Camharus Ortmann states that the

more primitive forms of the first, second and fifth groups belong chiefly

to the south towards Mexico, and interprets this as meaning that the

genus came from Mexico. But, according to the principles here adopted,

this should mean that the center of dispersal is to the north and east
;

and the discontinuity in range to the south and west is exactly what we

should expect. Dr. Ortmann's attempt to find an explanation for it on

the opposite theory of migration being curiously complex and unconvinc-

ing. The most primitive species occur in such widely divergent points

as Mexico and Cuba.

The more primitive genus Potamohius has a more discontinuous range,

in Europe, part of Eastern Asia and Western North America, the Asiatic

species being nearest to Camharus (i. e.. highest in development) but

parallel, not truly closely related. This, I take it, is correctly interpreted

by Ortmann as indicating an Asiatic center of dispersal for this genus.

But in place of supposing with Ortmann that Camharus originated from

species of Potamohius pushing down southward into Mexico and thence

northward again (as Camharus) into the United States, it seems to me
that the rational explanation would be to suppose that both genera are

the disconnected remnants of a formerly Arctic center of dispersal. This

would be first split in two by a progressively unfavorable environment,

one division passing down into America east of the Cordilleras, and

developing into Camharus, the other part in Asia progressing more
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slowly into Potamobius and spreading east and west from that center,

as the American group spread southward.

DISTRIBUTION OF HELIX HORTENSIS

Dr. Scharff^^^ regards the distribution of Helix Iwrtensis as an im-

portant part of the evidence in favor of a late Cenozoic bridge connecting

Europe with eastern North America. The species is well known in

Europe and has always been regarded as indigenous there. It occurs

along the North Atlantic coast, and in Labrador, Greenland, Iceland and

the Shetland and Faroe Islands. It was formerly considered as intro-

duced on this side of the Atlantic by human agency; but it has been

found in old Indian shell-mounds and more recently in undoubtedly

Pleistocene deposits in Maine. It is unknown in Asia or western North

America. Hence, Dr. Scharff concludes that it must have migrated from

Europe to America across a land bridge via Iceland and Greenland in

Pliocene or Pleistocene times.

The early opinion that Helix hortensis is an introduced species in this

country was founded, so far as I recall, mainly upon the peculiar local

range and habitat of the species, very different from the truly indigenous

New England land-snails, and my early experiences in land-snail collect-

ing in southern New Brunswick were quite in accord with this evidence.

It is quite possible that Helix hortensis, like the genus Equus, is both

introduced and indigenous.

Granting that it is at least partially indigenous, what evidence is there

that the present distribution is not the remnant of a Tertiary circumpolar

distribution? The fact that it is not recorded in the Tertiary of Asia?

But what proportion of the presumably abundant Miocene or Pliocene

land-snails of Asia is known to us? It can only be a minute fraction

at the best—less than one per cent. So the chances are a hundred to one

that if Helix hortensis or an ancestral form of the species existed in the

Tertiary of North Asia, we should have no record of its existence at

present. We do, however, have a good deal of indirect evidence that an

environment favorable to the present habits of the species existed during
the later Tertiary in the region intervening between its present discon-

tinuous distribution areas, and that the environment became unfavorable

in that intervening region at the close of the Tertiary. I can see no

need for assuming a transatlantic land bridge to account for the distribu-

tion of this species. And the explanation here suggested is in harmony
with the known course of distribution of those members of the northern

^- R. F. ScHARFF : rroc. Roy. Irish Acad., vol. xxvlli, p. 19. 1909.
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land faun.T whose past history is preserved to us in the geologic record.

It involves only those minor changes of continental level (a few hundred

feet) of whose occurrence during the Pleistocene we have ample evidence.

On the other hand, if we assume such a Transatlantic land bridge

during the late Tertiary we must suppose an elevation of upwards of

five thousand feet, a huge disturbance of the isostatic balance of whose

possibility we have no real evidence; for the submerged channels so often

cited in support of these immense uplifts have been shown by Chamberlin

to be much more probably due to "continental creep," to the slipping

down, so to speak, of marginal sediments to a lower level.
'-^ In any

case, there could be no evidence as to the period at which these old

channels were last above water. They may have been submerged since

the Permian, for aught we know to the contrary. Furthermore, we have

to explain the non-migration of a multitude of forms which got just so

far as conservative land elevations could carry them, but no farther.

DISTRIBUTION OF PERCID^

Another instance upon which Dr. Scharff lays great stress is the dis-

tribution of the perches. Here, the false impression produced by the

use of a Mercator's projection map in plotting the distribution of north-

ern forms, seems to me to be very obvious. This map does not give the

northern regions in their true proportions or relations. Transferring

the distribution of this family as plotted by Tate Eegan, to a north polar

projection map we get the real relations and proportions with approxi-

mate correctness. It then becomes obvious that the perches are centered

around the drainage basin of the Arctic ocean. In North America they

have extended down the Atlantic coast drainage area and into that of the

Gulf of Mexico as far as the Eio Grande. In Asia they have been ad-

mitted by the old Hyrcanean Sea into the present Caspian and Aral

basins ;
and a glance at the late Tertiary geography of Europe will show

how they have reached the drainage basin of the northern Mediterranean.

They are not now found in the Arctic drainage area of western North

America, Greenland or Iceland, where the environment, now or in the

Pleistocene, is amply sufficient to account for their extinction. What
need of a transatlantic land bridge to account for this distribution.

123 There is another possihle explanation. The progressive hnilding out seaward of

barrier reefs around a number of separate centers until tboy .join<Hl into a platform
would naturally leave deep intervening channels, especially off the mouths of great rivers

where the influx of mud and fresh water hindered the growth of the coral organisms.
The submarine contours around the West Indian islands especially suggest this explana-
tion, which I offer tentatively for the consideration of my better-versed confreres.
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A fourth instance cited by Dr. Scharff is the distribution of the river-

mussel Margaritana, and as he well observes, numerous other instances

would probably show similar discontinuous distribution. But, so far a^

I have been able to find such instances, the same reasoning and the same

explanation apply to them all.

Ceiticism of Some Opposing Hypotheses

It is not practicable to take account here of the flood of paleogeo-

graphic discussions of recent years which have advocated all sorts of

consistent or inconsistent changes in continental outlines. They agree

for the most part in failing to take into account certain considerations

which to my mind are essential elements in any problem of distribution.

Among the geological considerations are the following :

1) E\adence that the present distribution of the deep ocean basins is

in the main due to isostatic balance. This affords a strong presumption

in favor of its permanence.

2) Absence of abysmal deposits in the geological formations of any

continental region. Chalk deposits are not an exception, as it has been

shown that they were deposited in shallow epicontinental seas rather than

in deep oceanic basins.

3) Abrupt ending of an elevated line of disturbance and its continua-

tion as a submerged line of disturbance does not necessarily indicate that

the submerged portion was formerly elevated, although it does reduce

the improbability of its former elevation by indicating a line of dis-

turbance and hence of possible elevation.

4) The presence of marine formations of Cretaceous or Tertiary age
over large portions of the interior of the great continents does not indi-

cate that these continents first came into existence as such during the

Cretaceous or Tertiary. In the better known portions of the earth's

surface we know well enough that these marine formations were due to

periodic temporary submergence, interrupted by periods of more or less

complete emergence. It is but reasonable to apply the same explanation

to the less known regions. I see no more reason to suppose, as do Von

Ihering, Scharff and others, that South America first came into existence

as a united continent in the Tertiary, than to conclude on similar evi-

dence that North America was but a group of isolated land masses until

the end of the Cretaceous. In this countr}^, we have positive proof of

its antiquity; but the evidence for recent origin of the South American

would apply just as well to the North American continent. A similar

presumption of antiquity applies to Australia, Asia and Africa.
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Among zoological considerations we may mention the following:

1) The discontinuous distribution of modern species is again and

again taken as proof that the regions now inliabited must have been con-

nected across deep oceanic basins, without considering the possibility that

it is a remnant of a wider past distribution, or that it is due to parallel

evolution from a more primitive type of intermediate distribution, now

extinct. Yet so many instances are known where the geological record

has furnished proof that one or other of these explanations applies to

cases of discontinuous distribution, that it would seem that these ought

to be the first solutions of the problem to be considered, and that in view

of the known imperfection of the geologic record, mere negative evidence

is not sufficient to cause them to be set aside.

2) No account is taken of faunal interchanges often much more ex-

tensive, which would presumably have taken place if the land bridges

assumed had existed, but which have not taken place. It may here be

urged that this too is negative evidence. But the negative evidence de-

rived from an appeal to the geological record is weak, not pei- se, but

because of the demonstrated imperfection of this record. On the other

hand, there are many instances where a land bridge is well proven, and

in these cases it is not a few scattered exceptions but an entire fauna

that has migrated, subject only to the restrictions imposed by climatic or

topographic barriers of other kinds.

I may venture upon a discussion of a few instances in order to show

the type of objections which appear to me to apply to much of the evi-

dence cited in favor of most of these transoceanic land bridges.

On Vain Speculations

According to some distinguished paleontologists.^-* progress is to be

made only by ignoring the possibility that races have originated in or

migrated from regions of whose former life we have substantially no

record, and assuming that they must have evolved in one or another re-

gion where the record is more or less known, and that the actual record

must be the sole basis for any conclusions. They refuse to consider the

arguments for origin elsewhere, on the ground that such hypotheses are

"vain speculations" and "serve merely to conceal our ignorance."

To this I may answer that a fair and full consideration of the data at

hand shows that such hypotheses, of one kind or another, are absolutely

necessary, unless we are to abandon all belief in the actuality of evolution

and are to treat it as merely a convenient arrangement of successive spe-

"* Dep6ret, Th^venln and others.
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cies and faunas independently created. Such a view was held by Agassiz

and most of his predecessors, but it is unnecessary to consider it in the

present state of scientific belief.

If, on the other hand, we accept the belief that the successive species

of each phylum are genetically related, how are we to explain the fact

that these phyla are usually approximate and not direct, and that where

the evidence is most complete, the fact that they are not in a direct line

of structural evolution stands out most clearly. Take for example the

ancestry of the horse, the most striking, easily recognizable, widely known

and thoroughly studied illustration of mammalian evolution. It was

possible, when the "documents" were few and imperfect, to trace a sup-

posedly direct line of ancestry through European predecessors. Later,

when the fossil fields of the western United States were first explored, a

much more direct line of ancestry was found in this country, and the

European series was recognized as not being the direct line. But the

further progress of exploration in America, and the discovery of complete

skeletons of the supposed ancestral stages known at first only from frag-

mentary specimens, has demonstrated that this line too is an indirect and

approximate series so far as the succession of the known species is con-

cerned. This has been recognized in recent years by American students,

and variously phrased or interpreted. The most probable explanation of

the facts is to suppose that the known phylum is approximate, not direct
;

that the direct line of descent leads through unknown or imperfectly
known species, and that those known to us are offshoots of varying close-

ness. The direct line is, then, admittedly through hypothetical species,

and the only question is whether the habitat of these species was in the

regions where we have searched vainly for their remains, or in the much

greater intervening region where we have not searched. Horses are found

throughout the Tertiary in central and western Europe on the one hand,
on the Western Plains of America on the other. There is every reason to

believe that they inhabited all or parts of the intervening region and we
have no right at all, in weighing the evidence, to refuse to take this re-

gion into consideration, on the plea that it has furnished no "documents"

as yet. To place such limitations on our theories would hardly tend to

solving our problems, however much it might seem to simplify them. It

is merely to prefer a conclusion that we know to be false to a conclusion

that we cannot prove by direct evidence to be true.

What I have stated in regard to the fossil ancestry of the horse applies
to most mammalian phyla, in greater or less degree according to the per-
fection and number of our "documents." Where these are few and frasr-

mentary, it is still possible to build up phyla which cannot be proven to
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be inexact. But, as knowledge increases and Ijccomes more exact, these

phyla are more and more broken and complex, and direct genetic series

become more limited in extent. This is to be expected, for the regions

which up to date have been at all thoroughly explored are ))ut a small

fracti<ui df llie area which the group concerned must have iniiabited.

And on ii jiriori grounds, the chances are greatly against the ))articular

species which was to become dominant inhabiting the particular regions

which we have explored.

Professor H. F. Osborn has very well expressed the conditions of evo-

lutionary progress by stating that each group is highly polypliyletic, con-

sisting of numerous subphyla evolving along more or less parallel lines.

But we are here concerned less with the disentaglement of the subphyla

of a group than with its dominant center of dispersal as a whole. And

from this point of view it seems to me misleading and erroneous to as-

sume that it must have migrated only from one to others of the regions

where its remains have actually been found, instead of attempting to

locate from the indirect evidence available the true center of dis])ersal.

In contrast with the views here criticized, I may venture to quote from

an address in which Dr. Stehlin^-^ has recently summarized the phylo-

genetic results of his monumental studies upon the Eocene fauna of Eger-

kingen, a work of extraordinary thoroughness and ability which, as a

recent reviewer observed, has involved a revision of the entire Eocene

mammal fauna of Europe : "Where then dwelt these yet unknowii herds

of mammals evolved during the Eocene, whose existence is recorded

through their influence upon Europe and North America the more clearly

as we analyze more closely the data obtained in these continents? We
can scarcely be wrong if we look to the huge continental mass of xA.sia,

still almost unexplored by the paleontologist. The future, and, it may be

hoped, the near future will show how far our ]n-osent anticipations are

correct."

SUMMAKY OF EVIDENCE

The geologic evidence for the general permanency of the abyssal oceans

is overwhelmingly strong. The continental and oceanic areas are now

maintained at their different levels chiefly through isostatic balance, and

it is difficult to believe that they could formerly have been reversed to any
extensive degree. The floor of the ocean differs notably in its relief from

the surfaces of the continents, and only in a few limited areas is the relief

suggestive of former elevation above sea-level. The continental shelf is

125 H. O. Stkiilin : Verb. Schw. Naturf. Gesell., O:? .Tahresversammlimg. Slept. lOlC
P. 29 of separata.
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SO marked, oln-ious and universal a feature of the earth's surface that it

affords the strongest kind of evidence of the antiquity of the ocean basins

and the limits beyond which the continents have not extended. The

supposed evidence for greater elevation in the erosion channels across its

margin have been shown to be better interpreted as due to "continental

creep." The marine formations now found in continental areas have all

been deposited in shallow seas. No abyssal deposits have ever been cer-

tainly recognized among the geologic formations of the continental plat-

form.

Leaving out of consideration speculative hypotheses as to a formerly

smaller amount of water on the surface of the globe, shallower ocean

basins in Paleozoic times and different land and water distribution in the

older geological periods, it is sufficient for the purposes of this discussion

to emphasize the great weight of geological and physiographic evidence

for the permanency of the continental masses as outlined by the conti-

nental shelf, during the later geological periods, and especially during the

Tertiary.

The present distribution of continents and oceans on the surface of the

globe (as outlined by the continental shelf) consists of a great irregular

northern mass including Europe, Asia and North America, with three

great partly isolated projections into equatorial and southern latitudes,

South America, Africa and Australasia, and a smaller Antarctic land

mass wholly isolated. The three peripheral continents are isolated from

each other and from the Antarctic land by broad and deep oceans, but

with the doubtful exception of Australasia, are miited to the central mass

by shallow water or restricted land connections.

A rise of 100 fathoms would unite all the continents and continental

islands, except perhaps Australia, into a single mass, but would leave

Antarctica, New Zealand, Madagascar, Cuba and many smaller islands

separate. A further elevation of five times this amount would not alter

materially the boundaries of land and sea. A submergence of 100 fath-

oms would isolate the three southern continents, and cause shallow seas

to spread widely over the interior of all the continental masses, reducing
some of them to isolated fragments or archipelagoes.

Such cyclic alternations of emergence and overflow are recognized by

many geologists as the dominant feature of the earth's history, corre-

sponding to the succession of periods into which geologic time is divided.
.

The greater disturbances resulting in folding, faulting and mountain

making, while involving much greater changes of level, affect more lim-

ited areas, adjacent to lines of unstable equilibrium, especially along the

borders of the continental platforms.
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Associated with these great cycles of elevation and submergence are

climatic cycles from extremes of cold or arid zonar climates culminating

in glacial epochs, to the extremes of warm humid uiiilorm climates which

accompany or follow the extremes of submergence.

The effect upon terrestrial life of progressive elevation of the land

areas, accompanied by a progressively cold climate at the poles and arid

climate in the interior of continents, wouTd be to adapt the terrestrial

life to cold, arid and highly variable climatic conditions. The environ-

ment favorable to tliis adaptation will appear first near the poles, and the

northern and southern fauna) will be more progressive and will tend to

disperse towards the equatorial regions. The wider area of emerged con-

tinents will tend to expansive evolution of the land faunas, and their

union into a single land mass will facilitate cosmopolitan distribution.

Owing to the conformation of the continents the dispersal will be chiefly

from the Holarctic region, the Antarctic and southern lands being unfa-

vorably situated for the evolution and dispersal of dominant races and

contributing but little to the cosmopolitan faunas of the emergent phase.

These conditions are also favorable to the development of higher, more

active and more adaptable types of terrestrial life, which tend to supplant

even in moist tropical regions the less adaptable remnants of the tropical

faunae which find there their last refuge.

During the opposite phase of the cycle, the faunae become progressively

readapted to the moist tropical climatic environment. But owing to the

higher evolutionary stage acquired during the arid phase, the higher and

dominant types of the new fauna are evolved chiefiy by readaptation of

the dominant types of the arid phase and only subordinately by expansive

evolution of the tropical fauna surviving through that phase.

The paleontologic record appears to be in exact harmony with these

principles, provided due allowance be made for its imperfections. The

geographic distribution of animals and plants affords far more complete

data, but their true significance has in my opinion been misinterpreted

by many zoogeographers. When interpreted in harmony with the prin-

ciples of dispersal shown to be true among mammals, they yield fully

concordant results. The geologic record is to-day far more incomplete

than is generally admitted, and will always be incomplete. Negative evi-

dence, while sometimes of high value, is more often worthless and should

never be admitted without a careful canvass of the situation in each

instance.

The population of oceanic islands is notably incomplete and cannot be

interpreted as due to continental connection. The difficulties in the way
of over-sea transportation are best explained by the hypothesis of natural
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rafts; the degree of probability that attaches to this hypothesis is esti-

mated.

The dispersal of mammals is then considered at some length, order by

order, and it is shown to accord fully and in detail with the principles

here set forth, and to be impossible of explanation except upon the

theory of permanence of the ocean basins during the Cenozoic era. While

the prominence of the Holarctic region as a center of dispersal is ascribed

to its central position and greater area, some evidence is given to show

that climate is also a factor in the greater progressiveness of the northern,

since it is also noticeable in the southern as compared with tropical faunae.

The distribution of the Eeptilia appears to be in conformity with the

principles here outlined, and extends their application to the Mesozoic

era. The distribution of birds and fishes and of invertebrates and plants

is probably in accord with the same general principles, modified by differ-

ences in methods of dispersal. The opposing conclusions that have been

drawn from the distribution of these groups are believed to be due to an

incorrect interpretation of the evidence. A few instances, which have

been prominently used to support opposing conclusions, are analyzed and

shown to conform to the conclusions above set forth, if interpreted upon
similar lines as the data for mammalian distribution.

Appendix

Since this paper was written two very readable and instructive books

on geographic distribution have appeared, "The Wanderings of Animals"

by Professor Gadow,^^® and "Distribution and Origin of Life in America"

by Professor Scharff.^^" Both writers, and especially Doctor Scharff, be-

long to what may be called the bridge-building school of paleogeography,

and the general criticisms expressed in the earlier part of this article

apply largely to their interpretations. It is with no intent to depreciate

their value that I observe that there are numerous errors of fact in those

portions of the evidence with which I am best acquainted, for in a subject

of so wide a scope most of the evidence is necessarily compiled and not

very well understood, and errors more or less essential will slip in. It is

for that reason that I have avoided detailed discussion of the parts of

the evidence on the present subject with which I am not well acquainted ;

and, in spite of a good deal of checking and revision, I have no doubt

that the foregoing discussion contains various inaccuracies.

i2« Hans Gadow : "The Wanderings of Animals." Cambridge Manuals of Science and
Literature, No. 64. 191.3.

1" R. F. ScHARPF : Distribution and Origin of Life in America. Macmillan Co., pub-
lishers. New Yorli. 1912.
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A more serious criticism is the illegitimate and often partisan use

made of negative evidence. This is doubtless due to the same cause, a

mere book knowledge of the fossil record, and failure to examine and

weigh its evidence. But it is very obviously affected by a readiness to

rely on negative evidence that favors their theories and to ignore a vastly

greater amount of negative evidence that docs not.

Dr. Gadow considers it "awkward" for -the theory of Ilolarctic dis-

persal of the marsupials in the Cretaceous that no survivors have been

recorded in the Tertiary of Asia. He prefers to believe that tlu' Aus-

tralian marsupials arrived via Antarctica from South America. If it is

"awkward" for the one theoiT, that although survivors are found in the

early Tertiary of both Europe and North America, none have been found

in Asia, then it must be equally "awkward" for the theory ih\\\ Dr.

Gadow supports that none have been found in Antarctica. For we know

even less about the early Tertiary of Asia than we do about the Antarctic

Tertiary. If the absence of zalambdodont insectivores in the Eocene of

Europe is to be assigned any weight, then equal weight should be assigned

to their absence from the Oligocene and Eocene of South America and

from the Pleistocene of Cuba, of Madagascar and South Africa. We
know as much about the one fauna as we do about the others. The

negative evidence has no weight in any of these instances; per conira,

the fact that zalambdodonts are known to have lived in the early l^ertiary

of North America (Paleocene to Oligocene) affords a presimiption of

their presence in the nearly allied early Tertiary faunas of Europe, just

as their presence in the recent faunas of Madagascar and South Africa

and in the Miocene of South America affords a presumption of their

presence in the nearly allied faunas .which immediately preceded them.

Equally, the presence of marsupials in the early Tertiary of Europe on

one side of Holarctica and of North America on the other side raises a

strong presumption of their presence in the intervening region of Asia

from which no fossils are known. They are not found in the later Ter-

tiary of Europe and America, so that we should not expect to find tlu!m

in the later Tertiary of Asia. On the contrary, the small fragnioiit of

evidence that we have as to the Tertiary fauna of .\ntarctica afl'ords a

slight presumption against the presence of mammals on that continent.

Doctor Gadow's statement that the Chiroptera did not reach America

until the Pleistocene is another curious instance of the misuse of the

fossil record, which no one familiar with the character of our Tertiary

formations and the necessary limits of the fossil faunas would be likely

to make; nor would anyone ac((uaiiitcd witli tiic variety and specializa-

tion of the New World genera be inclintMl io l)('lie\c that it was all the
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result of post-Pliocene immigration and differentiation. Most of the

creodonts, he informs us, "died out with the Eocene or rather they were

modernized into the typical Carnivora in various parts of the world.

Some, however, kept on to almost recent times as highly specialized

creodonts, e. g. the sabre-toothed tigers : Nimravus in North American

Oligocene; Machcerodus from Miocene to Pleistocene in Europe and

Asia, whence in the Pleistocene it appeared as Smilodon in America.

. . ."^-^ It is perhaps unnecessary to point out that the machasrodonts

were not creodonts but typical Carnivora of the family Felidte, and that

their evolutionary series is fully as complete and progressive in the

Nearctic as in the Palasarctic record. I may also note that "small swine"

(meaning I suppose the primitive bunodont artiodactyles from which

both pigs and peccaries are derived) appeared in North America quite

as early as in Europe; that the genera Procamelus and Plmuchenia do

not mark the splitting of the Camelidae into camels proper and llamas;

that Dorcather-iuni is not identical with "Hyomoschus" {Hycemoschus)
and is an older name ; that Arsinoitherium is not a pair-horned dicera-

there but is a representative of a distinct order of mammals; that the

precise relations of the American Eocene tapirs have yet to be deter-

mined ; that Protapirus does not first appear in the Lower Oligocene of

Europe but in the Mid-Oligocene of Europe and North America ; that

there is no reason to believe that the European Paratapirus is more di-

rectly in line of descent of the later tapirs than is the so-called Tapiravus
of the American Miocene, and that the very fragmentary and inadequately

studied record of the evolution of the Tapiridas is quite inadequate for

the positive and exact statements which Gadow makes as to their "wan-

derings."

The statements as to the evolution of the horse show a surprising

amount of inaccuracy, considering that this is so widely known a story.

Apparently, it is in part the result of an attempt to criticize and modify
the conclusions of American writers on the basis of a hasty survey of

the incomplete materials available in European museums. The Eocene

ancestors are disregarded, because they "are still so very generalized that

they lead to horses, rhinos and tapirs as well as to other distinct groups."
AVhile this is not far from the fact as regards the Lower Eocene Eohippus,
it certainly is not ti-ue of Orohippus and Epihippus of the Middle and

Upper Eocene. The relations of Miohippus to Mesoliippns are hardly
to be dismissed with a "perhaps." Desinatippus is not an ancestor of

Parahippus but is identical ; Hi/pohipjnis is not intermediate between

Para- and Merychippus but is an aberrant type descended from Miohippus

1-8
Ol). (it.
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throuo-h Anchitheriinn ; the American Miocene series does not come to

an end with Merychippus, but this genus gives rise through numerous

intermediate species to Protohippus, Pliokippus and Ilipparion. Ilip-

pidion is not a descendant of Ilipparion but of Pliohippus. There is, it

is true, a considerable gap between Ilipparion gracile and Equus, this

species being too specialized in tooth pattern and its lateral digits ex-

ceptionally heavy ;
but most of the Amerifcaii hipparions are simpler and

less aberrant in tooth pattern and the shafts of their lateral digits reduced

often to mere threads. The proximal splints in these forms are very

nearly as much reduced as they are in Equus; the gap which Doctor

Gadow declares has been "slurred over" lies simply in the fact that no

specimens have yet been found in which the shafts of the lateral digits

are discontinuous but the distal rudiments preserved. Anyone familiar

with the difficulty of securing proof of this condition in a fossil species,

and with the imperfection of our record of the Pliocene Equida% will

hardly consider this as a serious gap. Certainly, it is trifling in com-

parison with the gaps in any of the other mammalian phyla which Doctor

Gadow accepts without difficulty. As for the derivation of Equus from

primitive species of Ilipparion rather than of Protohippus, my opinion

to that effect rests upon intensive studies of Miocene Equidae undertaken

for Professor Osborn's monogi'aph of the Evolution of the Horse (in

preparation) and I do not think it fitting to publisli the evidence in its

support at present.

The sirenians, Dr. Gadow tells us, afford strong support of the theory

of a transatlantic bridge, the earliest being known from the Eocene of

Jamaica and Egypt, etc. They would, undoubtedly, if there were suf-

ficient reason to believe that they were absent from the more northerly

parts of the jSTorth-Atlantic-Arctic shores during the early Tertiary. But

there is none whatsoever; the North Atlantic coasts either extended dur-

ing the Tertiary beyond their present limits to or towards the continental

shelf, or else their marine and littoral deposits have been destroyed by

glaciation; at all events none remain above water worth mentioning
from New Jersey on one side around to the British Isles on the other.

That no littoral vertebrates should be known where there are no littoral

deposits is not sui-prising ; yet it is upon this worthless negative evidence

that the "strong support" rests.

I have limited myself in the foregoing criticism to noting a few points

in regard to fossil mammals. Dr. Scharff^s book is far too extensive for

any detailed criticism here, even within these limits. I can note only

that, while highly instructive as well as entertaining, it is far from being

either accurate or fair in its treatment of the geological aspects of the
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subject or the fossil record. The view that during the Glacial Epoch
the glaciers were confined in this country to the higher mountain ranges^^^

is one that even a biologist is hardly excusable for upholding. Nor does

it seem that anyone discussing the Tertiary geography of North America

should be so little informed as to suppose^^" that the eastern and western

portions of the continent were separated during the Eocene by an ocean

barrier. In his argument against the permanency of the ocean basins,

Scharff is, on the other hand, able to quote high authority. But the

weakness of the argument is nevertheless apparent. That there have

been great changes of level along certain lines of disturbance has never

been questioned. But the conclusion that the continental platforms have

never been submerged to abyssal depths, based upon the entire lack of

abyssal deposits in their geological succession, is not disproved but rather

confirmed by the recognition of abyssal deposits on an oceanic island

lying along a line of high disturbance. For that merely proves that

abyssal deposits are recognizable as such when they do occur, absence

from the continental platforms remains untouched. Nor does the oc-

currence of ancient sedimentary and metamorphic rocks on some, espe-

cially of the larger, oceanic islands afford any evidence that they are

remnants of former continents. The same processes of sedimentation,

regional metamorphism and orogenic upheaval must of necessity occur

in any oceanic island of considerable size and antiquity, and produce

similar results both stratigraphic and petrographic. Moreover, if such

islands lie in a line of disturbance which is continued under the ocean

to an adjacent continent the same earth-movements may well affect both

areas without raising the intervening region above the abyssal depths in

which it now lies.

Dr. Scharff adopts Ameghino's correlations of Argentine formations,

and Von Ihering's assertion that the continent of South America did

not exist as a single land mass until late in the Tertiary. I may note

by the way that Ortmann^^^ not long ago, in reviewing Pfeffer's^^^ essay

on the zoogeographical relations of South America, rebuked him severely

for not being aware of this "undoubted fact," which he declared was not

a theory at all. The real facts are that marine and fresh-water forma-

tions of Jurassic, Cretaceous and early Tertiary age occur extensively in

the interior of South America, indicating that the broad low-lying in-

terior of that continent was periodically flooded by shallow seas. The
conditions parallel those of the North American continent very closely.

i=» Op. cit., pp. 46 £f.

^^o Ibid., p. 357.
131 A. E. Ortmann : Amer. Nat., vol. xxxix, pp. 413-416. 1905.
182 G. Pfeffbb ; Zool. .Tahrb., Suppl. 8. pp. 407-442. 1905.
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SO far as they are known. The North American continent we know

existed as sucli tlif(»ii,uli<)iit geological time, although extensively flooded

at times by shallow seas, esj>ecially during the Middle Cretaceous. The

same is presumably true of South America.

Like Doctor Gadow, Doctor Schiirff makes a wholly unjustifiable use

of negative evidence where it may serve to support his views, lie is a

much more reckless bridge-builder, and appears to 1)C' quite unconscious

of any diiference in ])r()bability between sucli a bi'idgc as the Alaska-

Siberia connection and the various t I'ans-Allantic and 1 lans-Pacific

bridges which he invokes. Yet tbc Alaskan bridge is in existence to-day,

only a few yards of its planking removcMl, if one may so speak, tlic sub-

structure intact, an<l the uuiiks of the missing planks still showing on

tlic midamagcd portion, while tlie buge bridges wbieb lie "pi'd'ers"' to

believe in are, except for the Icelandic ridge, scarcely indicated by so

much as a sandbank on the flat abyssal floor of the vast intervening

oceans. I'hat he can claim support of a kind from so liigli an aiilbority

as Suess may be true, but scientific- ])roblenis sliould be settled by ex-

amination of the evidence, not by (Stations of opinion from selected

authorities. -'*

Doctor Scharft' does not at all believe in accidental ti-ansportatioii by

floating vegetation or other natural means. Why, he demands, do not

the advocates of such views cite instances of such transportation in mod-

ern times, and Avhy is it only the more ancient animals that are so trans-

ported? The argument is curiously parallel to the favorite anti-evolu-

tionist demand. Why, if man has evolved from a monkey, do not the

scientists take a monkey and turn him into a man ? Of course, the proof

demanded is an impossibility. If any instances of such transportation

were noted during the last few centuries, they would be ascribed to

human agency; but the probabilities witliin that time ai'c slight e.\ce]tt

in islands near the coast, such as Krakataua : foi- more distant islands

they are made probable only by the \ast length of geological ]ieriods. and

it is a matter of course that the more ancient the type, the longer time

and consequently better chance there has been for its transportation ])y

accidental agencies.

Like all authors who advocate union of the (Jalajiagos islands with the

mainland. Dr. Scharff does not distinguish between a union of the islands

with each other, which is geologically probable and is an almost uiuivoid-

able conclusion from a study of the fauna, and their union with the

mainland, which is highly improbable on geological and physiographical

grounds, and is not merely unnecessary to explain the fauna but im-

possible to reconcile with its peculiarities by any reasonable theories

which take into account all of the consequences of such union.
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While Doctor Scharff's interpretation of the data is based upon funda-

mentally different principles above noted, and his statements as to fossil

distribution are often inaccurate or incomplete, yet the numerous dis-

tributional data which he presents of modern invertebrates are of great

interest, and, if interpreted along the lines which I have used, they fall

completely into line with the vertebrate evidence. We cannot usually

indeed check the conclusions drawn from modern distributional relation-

ships by the fossil record. Many groups are altogether unknown, and

the record in others is vei-y scanty, but the same general relations clearly

apply. The survival in Western Europe on one side, in southeastern

North America on the other side, of a somewhat primitive cycle of Hol-

arctic distribution
;
the survival in the Mediterranean region on one side,

in Central America and the Antilles on the other, of a more primitive

cycle ;
of a still more primitive cycle in Africa and South America

;
and

the progressively greater amount of divergent or parallel specialization

in the survivors of the earlier cycles; the antique and fragmentary char-

acter of the fauna^ of the oceanic islands, progressively more so in pro-

portion to their sniallness and isolation—all these conform to the verte-

brate distribution. And with invertebrates as with vertebrates, every

year adds to the number of the types which, while now limited to the

peripheral continents and oceanic islands and highly discontinuous in

their range, are shown to have inhabited formerly the central Holarctic

i-egion. It appears that many, one might perhaps say most, invertebrates

are more readily transported across ocean barriers than vertebrates, espe-

cially mammals, even making due allowance for their greater antiquity.
This also we should expect.

I do not think it necessary to catalogue the errors or inaccuracies in

presenting the evidence afforded by fossil vertebrates. Such errors are

unavoidable in a subject of so broad a scope, and excusable enough, if

they do not lean too much to one side. I shall cite but one instance,

and this in justice to my distinguished confrere Professor Deperet.
Doctor Scharff concludes his summary of the North American records

of the Evolution of the Horse with the following remarks :^^^ "And yet
not a single transition from one genus to the other seems to be known.
No wonder that one of our foremost paleontologists exclaims, 'The sup-

])osed pedigree of the horse is a deceitful delusion, which simply gives
us the general process by which the tridactyl foot of an ungulate can be

transformed in various groups into a monodactyl foot in view of an

adaptation for speed, but this in no way enlightens us on the paleontolog-
ical origin of the horse.'

" Such a statement, coming from so excellent

i^^Op. cit., p. 147.
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an authority, seems startling until one verifies the quotation and finds

that it refers, not to the American records, but to the ancestry of the

horse as presented in Gaudry's^^* Enchainements, to the European series

Palccothermm, Anchitherium, Tlippanon gracile and Epulis. Deperet
takes care to premise that he is speaking only of this European series,

and while J think the criticism goes too far—it should at least be modi-

fied by changing "ungulate" to "perissodaetyl" in view of what we know
about the Litopterna

—
yet the criticism is largely justified in its proper

context. As applied to the American series it is altogether unwarranted.

1" A. Gaodrv : Enchainements du Monde Animal, vol. iil, Mammiferes tertlaires. 1878.
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Introduction

The present paper is a study of the morphogenesis of the neuraxis in

its early stages, with especial reference to an attempted interpretation
of the forebrain in terms of the longitudinal zones of the neural tube,

viz., the basal and alar laminae, and the ganglionic crest. The theoretical

problem can be stated briefly. Since the ganglionic elements are in-

cluded in the wall of the neural tube at the time of its separation from

the ectoderm—Xeumayer has shown this for reptiles, and it is also true

1 Presented in abstract hy the senior author at the meeting of 11 May, 1914, under
the title "Early Stages in the Development of the Brain in the Domestic Cat."

Manuscript received by the Editor, 17 September, 1914.

(319)
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of tl)e cat—it is possible that in regions in which a tiaiiglionic crest is

not formed, honiodynamous elements remain incorporated and form

permanent constituents of the brain-wall. It ought not to be inferred,

from absence of a discrete ganglionic crest in any region, that its equiva-

lent is lacking, for it may simply have failed to separate from tlie

neuraxis. On the other hand, with regaj'd to the interpretation of the

forel)rain in terms of transverse segmentation, neuromeres, it would seem

that a complete dorso-vcnli'al segment of the neural tube should contain

ganglionic, alar and basal elements, and that failing any of these it is

something less and other than what the terra neuromere properly implies.

Now we have no evidence of the existence of the basal lamina in advance

of the nucleus of origin of the oculo-motorius, nor can we see the ad-

vantage of assuming its presence in front of the point at wliich evidence

of its existence ceases. Further, the transverse segmentation of the neu-

raxis is either the result of intrinsic factors, or what seems more probabl".

is at least in part secondary to the segmentation of the mesoderm. This

is myomeric in the trunk, branchiomeric in the head. That a secondary

segmentation of the neuraxis thus effected should result in a continuous

series of meristic equivalents seems on the face of it somewhat improb-
able. These, in brief, are the questions we have had chiefly in mind in

attempting an ontogenetic analysis of the forebrain of the eat. At the

same time it seemed desira1)le to record the general data concerning the

neuraxis in a close and fairly numerous series of young embryos, for as

yet the knowledge of these stages in mammals is far froiu extensive.

The list of embryos is as follows :

Prior to the appearance of somites Nos. .S.^9. 400. 456. 550. 555

One pair of mesodermic somites Nos. "t4. ."04

Two pairs of mesodermic somites No. .I.'IO

Tliree pairs of mesodermic somites No. ."O.'",

Four pairs of mesodermic somites No. 40n

Seven pairs of mesodermic somites Nos. .">SsT. ."S9

Eight pairs of mesodermic somites Nos. .".'^.O. 5Sfi

Nine pairs of mesodermic somites No. .5.^1

Ten pairs of mesodermic somites Nos. 470. o.">2

Twelve pairs of mesodermic somites Nos. ~tPA. ."47

Tliirteen pairs of mesodermic somites No. *>!(>

Fourteen pairs of mesodermic somites Nns. iss. .~4"n

Sixteen pairs of mesodermic somites No. 5.">1

Seventeen pairs of mesodermic somites No. r>(\S.

Nineteen pairs of mesodermic somites No. .502

Twenty-one pairs of mesodermic somites No. 55S

The embryos were cut into transverse sections and reconstructed bv

the Born method at a maa-nification of two hundred diameters. Casts
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of the lumina, as well as models of the neural tube, were made in each

case and were found useful in controlling and interpreting the surface

relief. The period of development of the neuraxis covered by these

embryos extends from the appearance of the medullary plate to the

definition of the pallial anlage. It will be convenient, first, to record the

conditions observed in the several embryos and then proceed to a con-

sideration of the morphological questions outlined above.

Description of Embryos

Embryos Prior io the Appearance of Intersomitic Clefts.
—

(Plate

XXII, Fig. 1.) Toward the end of this period when the axial mesoderm

has thickened and is on the point of becoming segmented, the medullary

plate (-5)- is represented by an oval thickening of the ectoderm which

peripherally passes into the somatic ectoderm (7) by a gradual transition

{28) without clearly defined limits. In some of our embryos there were

irregular depressions and elevations of the surface, especially in its lateral

regions, which presented some resemblance to the Seitenfurche, Eand-

furche and Parietalzone of authors, but which, in view of the uniform

outlines of the excellent embryo here figured, we have not been able to

convince ourselves were natural structures.

Embryos of One Somite.— (Plate XXII, Fig. 2.) In these embryos
one pair of complete intersomitic clefts is present. In addition, the

axial mesoderm presents on each side two or three transverse constrictions

which are evidently due to the inception of somites. In the cat it appears
that several somitic constrictions are initiated simultaneously. In our

reckoning we have regarded only the complete clefts and the number of

somites assigned to the embryos of our series are estimated in terms of

complete clefts. In the two embryos which we have classed as having
one pair of somites there are, in addition, two or three pairs of con-

strictions, one pair of which is situated in front of the first complete
intersomitic cleft. The medullary plate (5) merges laterally into the

somatic ectoderm (7) by a gradual transition {28) as in the earlier

stages. Cephalad its axial region is depressed. We would call attention

to the fact that the summits of these incipient medullary folds corre-

spond to the middle zone of the medullary plate on each side.

Embryos of Two Somites.— (Plate XXIII, Fig. 1.) The medullary

plate has the same general characters as in the preceding embryos. It

is very broad and passes by gradual transition {28) into the somatic

ectoderm (7) at the sides. Craniad the medullary groove is somewhat

*The numerals in ItaUcs refer to the numbers of the leaders in the figures.
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deeper and tlie medidlarv folds have partially erected themselves over

a greater longitudinal distance. Craniad also a faintly marked furrow

is present in the region where the medullary plate becomes thinner as

the somatic ectoderm is approached. In addition, the lateral region of

the plate presents slight undulations of the surface.

Embryo of Three Somites.— (Plate X-XTIT, Fig. 3.) The neuraxis

has the same general configuration as in the preceding embryos. The

boundary between the medullary plate (-5) and the somatic ectoderm

(7) is still effected by a gradual transition (~5). Craniad there is a

faint furrow as in the embn-o of two somites, and in this region also

the margin is marked by faint undulations.

Embryo of Four Somites.—{FMe XXYII, Fig. 1; Plates XXI \"-

XXVI.) The neuraxis has not lengthened appreciably as compared with

the embryos of three and of two somites. In its cranial half, however,

the neural folds (5) have fully erected themselves and an abrupt bound-

ary has been established between them and the somatic ectoderm (7).

Caudad this junction is still effected by a gradual transition; there is

no furrow. The floor plate terminates craniad in a distinct thickening

and elevation (2) which intervenes between the ventral extremities of

the optic sulci (1). In front of them it is continuous with the ectal

margins of the primitive optic vesicles. We have designated this eleva-

tion the tubercle of the floor. The optic sulci begin on each side of the

tubercle of the floor where they are continuous with the angle that defines

the floor-plate from the parieties. They describe an arc with the con-

cavity caudad and approximately parallel to the margin of the neural

plate, but approaching the neurosomatic junction and becoming fainter

as they are followed caudad. Corresponding to their arched segment
there is a marked thickening and external prominence of the wall of the

neural tube.

At a short distance caudad to the optic sulci there are a pair of similar

though shallower furrows, close to the neurosomatic junction. Their

course is at first horizontal ; their caudal portions turn ventrad and

approach but do not reach the floor-plate. Corresponding to their hori-

zontal portion, there is a ridge-like projection between the summit of

the neural plate and the somatic ectoderm. This ridge is the quintal

anlage (3). That it is more intimately related to the neural fold (5)

than to the somatic ectoderm (7) is sho^Mi both by the fact that the

neurosomatic junction is dorsal to it and by the fact that it blends at

both of its extremities with the thickened dorsum of the neural plate.

It is in no sense an element intermediate between neural plate and

ectoderm. Just behind the qtiintal anlage is another, smaller furrow
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(4) which is not accompanied by any definite local protrusion of the

wall but simply grooves the medullary fold entally near the neurosomatic

junction, becoming broad and shallow and disappearing before the floor-

plate is reached. This furrow corresponds to the acoustico-facial anlage

in older emln-yos. We would note further that on the right side there

is a small pit situated midway between the optic and quintal sulci having

the same characters as the latter, except that it is unaccompanied by an

external protuberance and is present only in three sections of 13.3 micra

each. This had no homologue on the left side. It is possible that this

minute furrow represents the profundus anlage, although clear evidence

of its presence is not found in our embryos until the stage of twelve

somites is reached. A similar conformation was observed farther caudad

on the left side in the region behind the last somite; it extended over

three sections. Caudad the medullary folds divaricate and liecome lower,

eventually disappearing in the region of the primitive groove. In con-

trast to the cranial extremity, it is to be noted that here the first portion

elevated is the lateral and not the basal zone of the medullary plate.

This is characteristic of this region in later stages as well. It is ap-

parent, therefore, that, both craniad and caudad, the elevation of the

neural folds is accomplished in two phases but that the order of events

is reversed at the two ends of the embryo. Craniad the basal region

first becomes vertical, then the lateral, while caudad the converse is true.

This is the only evidence we have been able to find of a morphologic
difference between the basal and alar plates, for the sulcus limitans is a

late formation, if it is present at all in young embryos of the cat.

Embryos of Seven Somites.—The neural folds are separate in their

entire length and in general show but little advance in comparison with

the embryo of four somites. The optic sulci are strongly arched and the

prominence of the primitive optic vesicles is slightly increased. The

tubercle of the floor intervening between the two optic sulci forms a well

defined cranial limit to the floor of the neural tube, and blending with

the wall in front of the optic sulci forms the ventral lip of the neuropore.

The quintal and acoustico-facial sulci consist of horizontal and obliquely

descending segments, the latter in each case becoming broader and shal-

lower as they approach the floor-plate. On the ectal surface of the neural

plate faintly marked oldique elevations correspond to the oblique portions

of these sulci. The quintal anlage forms an elongated ridge, extending a

little farther craniad than the horizontal segment of the quintal sulcus.

Its extremities now project free of the medullary plate, no longer fusing

with it as in the embryo of four somites. This anlage enters into inti-

mate relations with the mesenchyme of the head, the two tissues passing
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into one another by siich gradations that it is difficult and in some sec-

tions impossible to determine the precise limits of the ganglion.

Embryos of Eight Somites.—(VMe XXVII, Figs. 2, 3; Plates

XXVTII-XXX.) While the nenraxis sliows little if any increase of length
in comparison with the preceding embryos, the closure of the neural folds

has been initiated. This is first effected' iy the region immediately in

front of the quintal anlage (3), where the folds obtain their greatest

height (embryo No. 586). In embryo No. 530 there is an additional

point of closure immediately caudal to the quintal anlage.

The optic sulci (1) have increased in depth and the optic vesicles form

prominent, ellipsoidal projections with nearly vertical axes. Evidently

they correspond to the arched segments of the optic sulci in the younger

embryos; the horizontal caudal continuations of these furrows are now
reduced. Caudal to the optic vesicle the wall of the neural tube is flat

until near the quintal anlage (3), where a moderate dilation is present.

This ganglion has now a triangular form and is shorter than in the pre-

ceding embryos. It is attached to the dorsum of the medullary plate

near its junction with the somatic ectoderm, corresponding to the inter-

val between the two points of closure of the neural tube (embryo No. 530)
and at the summit of a slight constriction intervening between two mod-

erate dilatations. The first of these dilatations (-)/) has already been

mentioned; the second (12) corresponds to the oblique descending por-

tion of the quintal sulcus, which as a whole in these embryos is under-

going reduction. The acoustico-facial ganglion (J/) is small and has a

shallow corresponding sulcus. The ganglion occupies the summit of a

constriction immediately behind the qumtal dilatation and is followed

by a slighter enlargement (13) of the tube, into which its sulcus merges.
It is then, in its sulcus and following dilatation, a repetition on a smaller

scale of the quintal anlage. The common ganglionic crest extends from

the acoustico-facial ganglion, with which it is continuous to the level of

the fourth pair of mesodermic segments. In the caudal half of the neu-

raxis the neural folds are lower; at first parallel, they diverge in the region

of the rhomboid fossa {21 )
. Here the neural plate of each side comprises

a horizontal mesial region, and a smaller lateral erected portion, the two

meeting at a rounded angle. In the midline there is a vestige of the

primitive groove (6').

Embryo of Nine Somites.— (Plate XXXI.) The closure of the neural

tube is advancing rapidly. It is not, however, effected by a uniform ad-

vance in both directions from the region of earliest closure, but on the

contrary is incident at several separate points of the neuraxis, as was fore-

shadowed in the eight-somite embryo. In addition to the anterior neuro-
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pore (5), there are three small gaps (.9)
in the region of the quintal

anlage (3) corresponding to the hiatus there present in the embryo of

eight somites. Another small orifice (10) is situated in the region of the

acoustico-facial anlage (4). Caudal to this the folds unite for a consid-

erable distance but again separate (11) in the region of the fourth to the

eighth somite ; opposite the ninth they are again united for a short dis-

tance when they finally separate and diverge.

The anterior neuropore is markedly diminished in extent. That this

is caused by closure at its ventral as well as at its dorsal lip is shown by
a comparison of the models in Plate XXVII, Fig. 3, and Plate XXXI,
Fig. 2. I]i the eight-somite embryo the optic vesicle is open in its whole

extent ;
in that of nine somites closure has been effected in about half of

its length. The prosencephalon shows a distinct advance beyond that of

the eight-somite embryos both in size and in the complexity of its surface

relief. It projects strongly ventrad, its caudal margin forming approxi-

mately a right angle with the floor of the neural tube. It is demarcated

from the midbrain by a shallow anterior isthmian sulcus {22} which is

very obliquely inclined. The optic vesicles form its ventro-cranial region ;

they are somewhat pyriform with a pointed caudal extremity and their

long axes are inclined at an acute angle with the horizontal. Dorsally

the optic vesicle is defined by a shallow depression; between this and the

anterior isthmian sulcus are two small elevations, one on the dorsal and

one on the ventral aspect of the tube. The dorsal eminence is the thala-

niencephalon (Plate XXXI, Fig. 2, 16) and is opened in its whole length

l)y the neuropore. It is somewhat triangular in shape and its prominence
diminishes ventrad where it is separated by a faint depression from the

ventral eminence. This latter also has a triangular shape and is the first

indication, in our series, of the mammillary region (Plate XXXI, Fig. 2,

17). Ventrally it is separated from the pointed extremity of the optic

vesicles by a slight incisure which corresponds to a thickening and an in-

ward projection of the floor-plate. As this is interposed between the

ventral extremities of the optic sulci, it is evidently the tubercle of the

floor (Plate XXXIX, Plate XL, Fig. ^,2) oi the earlier stages. The de-

pressions defining the thalamencephalon and the mammillary region form

an H-shaped system of furrows, while the two elevations taken toge,ther

form a segment which separates the primitive optic vesicles from the mid-

brain. That this segment is not a neuromere in any precise sense of the

term is obvious from its developmental history, for the two eminences of

which it is composed fuse only at a considerably later period (sixteen

somites). The prosencephalon lies immediately in front of the foregut
and the entoderm is closely applied to the mammillary region. A com-
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parisoii with tlie embiyos of eight somites makes it evident that these

changes are not wholly to be attributed to inequalities of growth, but that

a profound remodeling of the cranial extremity of the neuraxis has taken

place in addition, as is shown l)y the alteration in the direction of the

optic axes, the inclination of the anterior isthmian sulcus and in the

notable lengthening of the midbrain taken in connection witli its dimin-

ished height.

Embryos of Ten Somites.— (Plate XXXIT.) The union of the neural

folds has progressed. The anterior neuropore (8) extends through the

greater part of the length of the optic vesicles into the thalamencephalon

(16), the somatic ectoderm being further adherent as far as the mesen-

cephalon (15). In this segment of the brain and for a considerable dis-

tance caudad the folds have closed and the neural tube has separated

from the ectoderm. The roof-plate is concave and depends into the lumen

as a longitudinal ridge. Somewhat in front of the middle of the neu-

raxis there is a considerable hiatus in the line of closure of the neural

folds and behind this are three small areas in which the ectoderm is still

adherent, though closure has been completed (11). The fossa rhom-

boidalis (21) falls into two portions of about equal length. Cephalad it

is narrow and the neural folds are high, approximated and nearly paral-

lel. The caudal region is broad and bounded by low folds erected only
in their lateral parts; here the neural plate still passes into the somatic

ectoderm by a gradual transition.

The prosencephalon joins the rest of the neuraxis at an acute angle.

The anterior isthmian sulcus (22) is horizontal with ventral concavity.

The mammillary region (17) is well marked, as is also the tlialamen-

cephalon (16) ; the axis of the optic vesicle is horizontal. A posterior

isthmian sulcus (23) defines the midbrain caudally. In embryo No. 47G

this vesicle is obscurely divided into two segments by a shallow furrow.

The hindbrain has three recognizable segments; the first (31) is trian-

gular with its base ventral; the second (12) and third (13) are obliquely

inclined and defined by shallow, oblique furrows. The quintal anlage (3)

is attached in the interval between the second and third segments and

the profundus anlage between the second and first (Plate XXXII, Fig. 2,

3a). This is the youngest embryo of our series in which the profundus
element can definitely be made out. The acoustico-faeial anlage (4) is

separated by a short interval from the quintal anlage ; it occupies the

furrow which defines the third hindbrain segment caudally and is con-

tinuous with the ganglionic crest of the trunk (not shown in the model).

A second Embryo of ten somites (Xo. 532) corresponds closely to the

embryo just described, except for a somewhat greater degree of union of
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the medullary folds. The anterior iieuropore is reduced to a minute ori-

fice situated ventrally at about the middle of the optic vesicles, thus

affording, in comparison with the foregoing embryo conclusive evidence

of progressive closure at the anterior lip of the neuropore and to this de-

gree depriving the orifice of value in determining the mor])hologic ceph-

alic extremity of the neural tube. Apart from this small opening the

anterior neuropore is closed, but the ectoderm is adherent over the cranial

portion of the optic vesicles and the adjacent region of the thalamen-

cephalon. The midbrain shows no sign of division into two segments.

Embryos of Tirelve and Thirteen Somites.— (Plate XXXIII.) These

embryos form a closely graded series, passing from the conditions de-

scribed in the embryos of ten somites to those attained by the fourteen

somite embryos of our series. In the region of the anterior neuropore

(<5) they show a considerable degree of variation in the closure. In em-

br3'^o Xo. 534 of twelve somites, the neuropore has been completely closed.

The ectoderm is, however, adherent at the middle of the sagittal length
of the optic vesicles and further over the region of junction of optic vesi-

cle (1) and thalamencephalon (16). In embryo No. 86 of thirteen

somites, the ectoderm is adherent in the whole length of the optic vesicle

and there are three small orifices, one at the middle of the optic vesicle,

oile at its junction with the thalamencephalon and one in the thalamen-

cephalon itself.

There are three oblique segments in the hindbrain; their interseg-

mental constrictions give attachment to the profundus (Sa), quintal (3)
and acoustico-facial {J^) ganglia in the order named cranio-caudad. The
acoustico-facial is continuous with the ganglionic crest (20) which ex-

tends for somewhat more than half the length of the neuraxis. Follow-

ing these oblique ganglionic segments is a series of vertical segments;
their constrictions corresponding to the mesodermic somites are six to

seven in number. It is thus seen that the vertical segments of the neu-

raxis correspond in location to the somites, but lag considerably behind

them in number, which we take to mean that an interval in time elapses

between the formation of the mesodermic somite and formation of the

corresponding myelomere. It seems to us, therefore, that ontogenetically

myelomeres are secondary to the mesodermic somites. The three oblique
hindbrain segments, associated with the three large ganglia, are situated

in advance of the somites. We would emphasize the difference in their

disposition as evincing their independence of the myomeric segmentation.

Embryos of Fourteen Somites.— (Plate XXXIV.) The two embryos
of this stage in our series show a close correspondence in the neuraxis,

save only that embryo Xo. 548 is in most respects slightly in advance of
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its fellow, No. 188. Tlie neural folds arc united, except in the short,

narrow rhomboid fossa, in the caudal portion of which the neural plate

still passes by a gradual transition into the somatic ectoderm. The an-

terior neuropore (S) has closed, but the ectoderm is still adherent from

the middle of the optic vesicle to the thalamencephalon. Embryo Xo.

188 is more advanced in this respect, for the ectoderm is free of the

neuraxis in the wliole lengili of the prosencephalon. It is, however,

adherent in the midline from the level of the profundus ;nilage to that

of the acoustico-facial ganglion. A comparison of these two embryos
affords a striking example of the irregularity incident to the whole

process of closure of the neural tube and its separation from the ectoderm

in the cat, and seems to justify the attachment of less importance than

is usually ascribed to the point of ultimate closure. The neuraxis is

bent ventrad at the posterior isthmian sulcus (23). This is the second

actual flexure observed in our series, for a comparison witli llie figures

of the i^receding eml)ryos shows that the earlier projection ventrad of

the prosencephalon Avas associated wiili a remodeling of the midbrain

and an inclination of th.e anterior istlniiinn sulcus, while in the stage

now under discussion the bend is accentuated at the posterior isthmus.

The hindbrain forms a gentle arch passing into the straight rayelenceph-

alon. In the forebrain important new conditions are initiated. The

optic vesicle (1) is now not only relatively but absolutely smaller than

in the younger embryos and an ectoptic zone begins to emerge from its

periphery. As yet these changes are conspicuous only dorsal ly between

the optic vesicle and the thalamencephalon (16), and to a less degree
ventrad immediately in front of the mammillary region (77). The
dorsal element is the telencephalon (J 9), the ventral corresponds in

general to the infundibular region (IS). The mammillary region and

the thalamencephalon have increased in size and form well-marked tri-

angular prominences in lateral view. The midbrain (15) is a well-

marked dilatation, triangular in form, defined by conspicuous isthmian

furrows (22, 23) which all but meet ventrally in the angle formed by
the second flexure of the neuraxis. The arched form of the hindbrain

has been mentioned; its vertical diameter is increased by a ventral pro-

jection at the level of the quintal ganglion (5), the pontine angle. Thus
it appears that a projection of this region long antccedes the develop-
ment of the pontine flexure. In lateral view, the three segments with

their oblique separating furrows are more conspicuous than in the younger

embryos. They are especially prominent ventrad, which would seem to

imply that their increasing definiteness is associated with the bending of

the hindbrain. The ganglia are attached dorsally in the furrows; the
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profundus (3a) between the first and second segments (31, 12) ;
the

quintus (3) between the second and third (12, IS) ;
tlie acoustico-facial

(Ii) immediately behind the third. Ventrally the second segment shows

signs of subdivision. Barely seen in embrvo Xo. 188, in No. 548 it is

marked by a vertical furrow ascending to the attachment of the quintal

ganglion and dividing the segment into an oblique cranial portion (12a),

extending completely across the neural tube and a Triangular caudal

fraction (12h) which forms the bulk of the pontine angle but is confined

to the ventral region of the neural wall, being excluded from, the alar

portion by the oblique complete third segment. The myelencephalon has

seven neuromeres. These contrast sharjjly with the foregoing by their

vertical position. The oblique nietencephalic segments are now con-

tinuous with the neuromeres of the m}-elencephalon ; that they form a

homodynamous series is certainly not supported by the evidence of their

development in the cat, in fact the heterogeneity of these elements seems

as clearly given by their ontogeny as by the diversity of the peripheral

nerves with which they are associated in the adult.

Embryo of Sixteen Somites.— (Plate XXXA^.) The neural tube is

closed and completely separated from the ectoderm except in the region

of the fossa rhomboidalis. The flexure at the posterior isthmian sulcus

(23) has increased and the nuchal bend is now present. In the hind-

brain the region of the second (13) segment projects ventrally and

forms the pontine angle. The optic vesicles (1) are still further reduced

in size, absolutely as well as relatively, and there is formed both ventral

and dorsal to the vesicle a considerable zone which represents the exten-

sion of the telencephalon (19) and infundibular region (18) of the

preceding embryos. Tlie coalescence between the mammillary region

(17) and the thalamencephalon (16) has increased; and they now form

a well-marked segment between the midbrain and the derivatives of the

optic vesicles (i)." The mesencephalon (15) is triangular and markedly

compressed ventrad. The segments- of the hindbrain are less oblique

than in preceding embryos. The first (31) is large, the second (12a.

12h) forms the prominence of the pontine angle, is ventrally subdivided

and its second segment now extends farther dorsad. The third segment

(13) is narrow. The ganglia retain their primitive intersegmental po-
sitions.

Embryo of Seventeen Somites.— (Plate XXXVI.) The reduction of

the optic A'esicle (1) continues. The telencephalon (19) forms a promi-

3 In this respect this embryo corresponds closely to the four-millimeter sheep embryo
figured by Neiimayer—Studien zur Entwickelungsgeschichte des Gehirns der Saiiger-
thlere. Festschrift ziim Siebenzlgsten Geburtstag von Tar] von Kuppfer. Taf. XLVIII,
fig. 4. .Tena. ISOfi.
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nent convexity in front of the optic vesicle. Near its upper limit there

is a point where the ectoderm is still adherent {S). The area which we

have termed infundibular region (IS) is ver}^ large and has a pointed

apex directed caudad. The mammillary region (77) has increased in

size but otherwise closely resembles that of the fourteen somite embryos.

The same is true of the mesencephalon (i-i). The hindbrain is markedly

enlarged in its vertical diameter. The pontine angle has increased in

prominence. The first hindbrain segment (31) is broad and prominent;
the second (12) is subdivided by a deep sulcus; its posterior moiety

{12b) has a considerable vertical extent but is now fusing dorsally with

the third segment (13) which remains narrow but has increased greatly

in height, forming indeed the apex of the pontine angle. The quintal

ganglion (J) retains its intersegmental position, but that of the pro-

fundus (3a) is beginning to shift caudad and is now in part attached to

the second segment (12a). The cranial extremity of the myelencephalon
has increased markedly in vertical diameter and is beginning to be

assimilated to the hindbrain; it shows a prominence of the roof at its

commencement which is separated by a depression from the remainder

of the roof-plate. This embryo showed some degree of side-to-side com-

pression with resulting diminution of the relief of its lateral walls and

an exaggeration of the projections in the dorsal and ventral midline.

Embryo of Nineteen Somites.— (Plate XXXVII.) The forebrain is

defined by a well marked anterior isthmian constriction (22) which is

practically in line with the venter of the hindbrain. The tbalaman-

cephalon (16) has enlarged and is separated from the telencephalon (19)

by a shallow but definite furrow (20) extending from the dorsal mid-

line, obliquely over the lateral surface of the brain to the depressed area

immediately behind the optic vesicle where the thalamencephalon merges
into the relief of the regio mammillaris (17). The latter has not increased

in size and is separated from the regio infundibularis (IS) by a shallow

furrow; it is also distinguished by its greater lateral prominence. The
remainder of the forebrain comprises the optic vesicles and an ectoptic
zone surrounding them. The latter has greatly enlarged in its dorso-

cephalic portion, the telencephalon (19), which now forms the extremitv

of the brain. The regio infundibularis shows but a moderate increase

in size. Xew conditions are initiated ventral to the optic vesicles, which

now begin to retreat from the margin of the brain, leaving a narrow-

strip of tissue through which the infundibular region and telencephalon
are continuous. This condition is more clearly shown in the model of

the lumen.

The midbrain (lo) is little changed as yet but is beginning to show
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a lengthening of its dorsiim which becomes marked and characteristic

in later stages. In the hindbrain tlie pontine angle has increased in

prominence. The first segment (31) is very large, the second (12) is

ventrall_y subdivided into two, as is also the third (13). The sulci

corresponding to these subdivisions extend dorsad only so far as the

ganglia. Behind the third of the original segments of this region is

one small projection confined to the ventral portion of the neural tube.

This is followed by the vertical myelomeres corresponding to the meso-

dermic somites.

The large ganglia are shifting their points of connection with the

neural tube and are now attached somewhat al)Ove the middle of its

lateral wall. The profundus (3a) has shifted to the middle of the

second segment, lying at the extremity of the sulcus which marks its

ventral subdivisions. The quintal ganglion (3) has lost its primitive

intersegmental position and adheres to the cephalic part of the third

segment. These two ganglia are thus beginning to approach one an-

other. The acoustico-facial (4) occupies the interval between the fourth

segment (IJf) and tlie first myelomere (24).

Embryo of Tiventy-one Somites.— (Plate XXXVIII.) The forebrain

differs from that of the preceding embryo notably in the enlargement
of the infundibular region (IS) as well as in the increase of the ectoptic

zone as a whole. The optic vesicles have receded further from the

ventral margin and a broader strip connects the infundibular region

with the telencephalon (W). The ectoderm is adherent to the latter

at a point corresponding to the somewhat angular junction of the ventral

and cranial margins of the pallium. On either side of this line of

adherence the neural tube gives rise to projections (.27), not quite sym-

metrical, which bear the same relation to the medullary plate as the

large ganglia at their inception. The element of the right side, which

is somewhat the larger, contains in its interior two small cavities which,

however, do not communicate with the lumen of the neural tube. We
are unable to offer any suggestion as to the significance of this structure,

nor have we found in younger or older embryos of the cat any corre-

sponding structure.

The thalamencephalon (10) and mammillary region (11) together

form a well-defined segment of triangular outline interposed between

the foregoing structure and the midbrain (15). The latter shows an

increase of length in its dorsal zone. The hindbrain differs but little

from that of the preceding embryo. Its first segment (-37) is somewhat

compressed; the second (12) is subdivided ventrally and the profundus

ganglion {3a) is attached at al)0ut its vertical middle, close to its caudal
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margin. The tliird segment is also subdivided ventral ly; the attachment

of the quintal ganglion (3) extends close to its cranial border. These

two ganglia are thus approximated and on the point of union which is

ultimately effected in embryos of twenty-six somites. The third seg-

ment is followed by a slight prominence (14) confined to the ventral

region of the neural tube and less clearly marked off from the myelen-

cephalon tlian in the preceding embryo. Above it is the acoustico-facial

ganglion (^). The relief of the following neuromeres is faint and to

be made out only with great difficulty in this embryo. The model of

the lumen (Plate XLI) corroborates the description we have given of

the external relief, but in addition presents one or two details which are

not perceptible from the surface. The plica ventralis encephali by its

broad summit forms the floor of the midbrain. Its anterior angle, the

tubereulum postero-superius of authors, juts forward prominently. Im-

mediately below is the recess of the mammillary region (17) botmded

ventrally by the tubereulum postero-inferius (.2). Ventral to this again
is the large triangular cavity of the infundibular region (IS). Its

ventral wall shows a moderate thickening, torus postopticus, in front of

which is the shallow preoptic recess, from which the lamina terminalis

extends forward and upward to a point at which the ectoderm (7) is

adherent.

We have now completed the record of our objective findings on the

basis of which we propose to discuss the problem stated in our opening

paragraph; we shall endeavor in the 'course of this discussion to compare
our results with those of other students only in so far as they have dealt

with mammalian embryos of corresponding stages of development. Un-

fortunately the number of detailed descriptions of such embryos is not

large. We have not, therefore, attempted any general comparison of

the ontogeny of the mammalian neuraxis with that of better known

forms, except in a few instances when it has a direct and important

bearing upon our problem.

Gaxglioxic Crest

It has already been stated that the medullary plate primitively lacks

a precise boundary and passes by a gradual thinning into the somatic

ectoderm (Plate XXII. Fig. 1, 2S). Prior to closure, however, and this

is true of the heail as well as the trunk, an abrupt demarcation is estab-

lished and the somatic ectoderm joins the medullary plate at its dorso-

median angle (Plates XX'\'TIT-XXX). This remodeling of the neuro-

somatie juiiclion is jirogressive ce]>linli)-( iuulad. and is eoin])le;ed in each
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region before closure occurs. Coincidently the medullary plate narrows

markedly so that it is probable that the primitive region of transition is

thinned out and added to the somatic ectoderm. When closure is effected

the ectoderm is closely applied to the concave dorsum of the neural tube

and is continuous from side to side, without median attachment to the

neuraxis, and with no intervening cells
(
Plate XLI

)
. We would empha-

size these facts, for they patently exclude the interpretation of the gang-
lionic crest of the trunk as an element intermediate between the general

ectoderm and neural tube, and primitively independent of the latter. In

this point our observations are in accord with the sections of the cat fig-

ured by Fleischmann* and of the human embryo by Felix" and agree with

Xeumayer's*' observations upon the trunk region of reptiles. It would

seem to follow, therefore, that the ganglionic crest of the cat is a deriva-

tive of the neural tube, and this view acquires an antecedent pro1)al)ility

from the occasional retention of afferent ganglion cells in the neuraxis of

"the adult, as in Amphioxus and Teleosts, and in the mesencephalic root

of the trigeminus of mammals.

In the cat, the ganglionic crest is formed in the trunk Ijy a simple

delamination of the dorsal less regularly arranged cells at the summits

-of the neural folds. Shortly after closure a minute cleft appears on

each side and advances towards the midline, until the crests are attached

only by a narrow median strand. Again our results are concordant with

those of Neumayer for reptiles.

Sometimes, and not always symmetrically, prior to closure, a faint

furrow appears on the ental surface of the neural fold close to the junc-
tion with the somatic ectoderm. This we have taken to indicate some

small degree of lateral movement of the cells at this point as though to

form an evagination. The process is abortive but suggests that in the

derivation of the ganglionic crest from the neural tube delamination

may have been substituted for evagination, and a solid anlage may have

replaced a hollow one, as elsewhere in the ontogeny of forms rich in cells.

Farther cephalad the evagination becomes conspicuous. In the acous-

tico-facial region (Plates XXVI and XXX) there is a shallow obliriue

furrow unaccompanied- by evagination and the ganglion seems to agree

* A. Pleisch.man-.\ : Embryologische Untersucbungen. Erstes Heft. Taf. II, figs. 4-G ;

Taf. Ill, figs. ?,-V2. Wiesbaden, 1889.
' W. Felix : "Die Entwickelung der Harn und Ceschlechtsorgane In Keibel and Mall,"

Handbuch Entwiclvelungsgeschichte des Menschen. Figs. 522, 525, 528-530. 1911.
" L. Neumayer : "Zur Morphologie des Central Nervensystems der Chelonier und Croco-

dilies." Aus Voeltzliow Reise in Ostafrilia in den .Tahren. 190.3-1005. Band IV. 191-t.

rber den Schluss der Seliiindaren MeduUarfurche und die Genese der Xeuralleiste. Ver-
handl. Anat. Ges. 22. 1913. "Histogenese und Morpliogenese des peripheren Nerven-
systems. der Spinalganglien und des Nervus sympatlieticus." Handbuch der Vergleich,
aind experiment. Entwiclcelungslelire der Wirbeltliiere. Hertwig.- 1900.
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with tlio more cninlal ones in owing its oi'igin to dclainination from the-

raedullarv fokl.

In the quintal anlagc the sulcns is conspicnous and its horizontal por-

tion is associated w ilh a ridge-like projection (Plates XXV and XXIX)
in the angle hetwecn neural plate and somatic ectoderm, which yet

reveals its closer afhnity to the neural plate by blending with it at both

of its extremities in the four-somite embryo. It then appears subtended

by a longitudinal furrow, and differs more in size than in any essential

character from the more caudal ganglionic crest.

Finally, the optic vesicle, a pure evagination, presents at an early

stage mucli resemblance to the quintal anlage (Plates XXIV and

XXVIII), from -which it differs chiefly in size and in the more ventral

position of its sulcus.

We see in these anlages a series of structures, passing by gradations

from the delaminated ganglionic crest through the acoustico-facialis and

quintus to the optic vesicle, which is formed by evagination alone. It

seems to us, therefore, that the primitive neural plate in the cat gives

rise both to the neural tube and to the ganglionic crest, the latter being-

a derived and secondary element and not a coordinate intermediate be-

tween the medullary plate and the somatic ectoderm. In the forebrain

elements equivalent to the ganglionic crest are retained in the wall of

the vesicles and constitute the dorsal region of the neural plates, for if

the crest secondarily separates from the neural tube, in regions where

such separation fails to occur, it is more probable that the crest is in-

cluded in the l)rain than that it has been absolutely suppressed. .4c-

rordinf/Ji/. Hip analysis of the prosencephalon is not to he a'iempted in

terms of ilie hasal and alar plates alone, as Jias been rustornari/ since His,

hut must include a dorsal or ectal slrij) equivalent to the ganglionic crest

along its conrexl'i/, and tJiis miisl Imhule at least as wurli of the brain

wall as lies ectal to the optic sidcii^. Tins ganglionic element (the

primitive optic vesicle) at four somites forms the cephalic extremity of

the neural fold, and arches ventrad to the floor. If our argument is-

correct, the optic vesicle aud the ectoptic structures, whetlier above, in

front or below the optic region, must be considered of ganglionic e(puva-

lency, a conclusion which entails a revision of His's analysis of the brain.

The question of the substitution of mesectodemi for a neurogenic

ganglionic crest in the prootic region in mammals can liardly, we believe^

receive an affirmative ans-\ver in view of the conditions observed in the

cat, for we find quite generally the separation betAveen ectoderm and

neural tube clean cut, and the space between these structures unoccupied

by cells. The mesectodemi of the ichthyopsid and sauropsid emljryo,.



fiCHVLTE A^D TILXEY. XEUKAXIS IX THE DOMESTIC CAT 3:35

described by Neal,' Johnston,^ jSTenmayer," and others, is, perhaps, not

altogether fortunately designated ganglionic crest, for these investigators

describe it as taking origin from an intermediate element, interposed

between neiiral tube and ectoderm and derived from both of these

structures. On the other hand, the ganglionic crest in the trunk in

sauropsids (Xeumayer) as welL as in the cat is a derivative from the

neuraxis, as in the latter form are also the cranial ganglia. It would

seem, therefore, that having slightly different derivations the mesecto-

derm and the ganglionic crest ought not absolutely to be homologized.

Neumayer has formulated this standpoint clearly, as follows :

"So zeigt sicli im Aufbau des cerebralen Teiles der Ganglienleiste, soweit sie

dem Archencephalon und dem praeotischen Gebiet des Hirns angehort, ein

Verhalten, das sich morphogenetisch wesentlich von den einfacheren Verhalt-

nissen im postotisclien und spinalen Gebiet unterscheidet. Ich Ijann mich iiber

die Vorgange hier im Anschluss und die oben (p. 452) gemachten Angaben in

Kiirze fassen. Eutsprecbend dem im spinalen Gebiete anders erfolgenden Ver-

schlusse des Medullarrohres wird das zum Aufbau der Ganglienleiste notwen-

dige Zellmaterial bei Crocodilus madagascariensis und Emys lutaria nur vom
Dache der Medullaranlage geliefert; die so entstandene postotische Ganglien-
leiste ist demnach wesentlich verscbieden von der cerebralen praeotischen. Sie

entbehrt des primiiren, aus Exoderm mad Medullarwand entstammenden An-

teils nnd enthalt nur jene Elemente, welebe in die cerebrale praeotische Gang-
lienleiste sekundilr eiutreten.

"Hiehzu kommt aueh ein Unterschied in den Leistungen der beiden Gang-
lienleisten : von ihnen liefert die cerebrale, praeotische in gleicher Weise Ner-

ven und mesodermales Gewebe fiir das praotische Kopfgebiet, wJihrend das

spina le, postotische Ganglieuleistensystem einzig Nervengewebe aus sich her-

vorgehen lilsst."

In the cat. the paraxial mesoderm of the head is abundant and very

early becomes loosely arranged, extending dorsad and forcing its way
into the cleft between the ectoderm and the dorsum of the neuraxis.

We have stated that at the time of separation of these two structures,

their demarcation was sharply defined and without intervening cells, nor

were we able to find mesoderm at any time in this situation, which was

not continuous ventrally with the general mesoderm of the head. This

lack of evidence of the formation of mesectoderm in the cat inclines us

strongly to accept Xeumayer's distinction of a primary and secondary

prootic ganglionic crest, the former (mesectoderm) being undeveloped

' H. v. Neal : "The Segmentation of the Nervous System in Squalus Acanthias," Bull.

Mus. Comp. Zool. Cambridge, Mass., Vol. XXXI. Xo. 7. 1898.
* J. B. Johnston : The Nervous System of Vertebrates. Thiladelphia, 1906. "The

Morphology of the Forebrain Vesicle in Vertebrates." .Tour. Comp. Neurol, and Psychol.,
Vol. XIX. No. .5. 1909.

"L. Neumayer: Op. cit.. 1914, p. 400.
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in the cat, the latter arising from tlie neiiraxis liv delamination coiu-

hined with the evagination constitutes the ci-anial ganglia, and at the

extreme cej^halic pole, failing, we helieve, to se])arate remains incor-

porated as the primitive optic vesicle.

Ci.osi i;i': (»i' I'll i: X kti; \i, Tiiu:

At the extremities of the axis the (lc\;ition ot the neural folds may
he resolved into two acts. Cephalad lln' median or hasal portion is first

elevated, while laterad the plate has still a horizontal direction. This

condition is present in the embr\'os of two and iliree somites (Plate

XXIII, Fig. 2). The condition seems to he the effect of modeling of

the ectoderm upon the ])araxial aceumnlation of mesoderm. At four

somites (Plate XX \'] I, Fig. 1) the fold is erect in its whole extent and

rises well above the mesoderm, the somatic ectoderm being closely applied

to the nenral plate in its dorsal half. Candad the process differs; the

lateral part of the plate is first elevated at some distance from the median

line (Plate XXVIT, Fig. 1, and Plate XXVII, Fig. 2) and forms a low

w^all for the broad rhomboid fossa. When the tube closes here, its diam-

eter is much less than the width of the fossa would lead one to ex])ect.

This is suggestive of the possibility that the lengthening of the tube is

not due alone to axial growth, but may be assisted by a rearrangement
of the material of the neural plate in the sense of a shift towards the

median line so that the plate is extended caudad as it narrows. The
elevation of its lateral margins is associated with the moderate entypy
of the blastoderm and the early completion of the amnion at its caudal

end.

The neural folds lirst meet in the region of the future mesencephalon,
but their closure is not simply progressive from this point in both

directions. On the contrary, it is incident simultaneously at several

points which may he rather widely separated. In the eight-somite

embryo, in addition to the closure of the midbrain, which extends from

the optic anlage to the quintal ganglion, there is a second closure be-

tween the quintal and acoustico-facial anlages: and again, after an inter-

val, at a third ]inint the folds seem on the verge of meeting (Plate

XX\'II, Fig. 2). There is also sonu' fusion cephalad at the ventral

margin of the neuropore. This is of some theoretical importance and

diminishes the significance of the neuropore as a morphologic landmark.

The gaping of the tube in the I'egion of the ojitic and (|uiiual anlages

suggests that such structures in some way delay closure, but as the

neurosomatic junction is now sharply defined, it is difficult to believe
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that this is in the interests of a hypothetical inrolling either here or in

the optic vesicles.

At nine somites the neuropore is shorter, b_y reason of closure at both

its ends but chiefly caudad. Its extremities now lie in the same vertical

plane. The quintal hiatus is closed at two intermediate points, present-

ing three small orifices (Plate XXXI, Fig. 1). Caudad to it a short

segment of the tube has closed. A small hiatus is present in the region

of tlie acoustico-facial ganglion. This embryo, therefore, gives addi-

tional evidence of the retardation of closure in regions of large ganglia.

Further irregularities are shown in Plate XXXII, Fig. 1, and Plate

,XXXIII, Fig. 1, in the trunk region, and in Plate XXXIII, Fig. 2,

and Plates XXXIV-XXXVI in the anterior neuropore. As this latter

closes ventrally as well as caudally, and irregularly in the intermediate

portion, it seems difficult to consider that its region of latest obliteration

has any fundamental morphological importance or can at all properly

be used to determine the cephalic extremity of the neuraxis, which is

certainly deflected ventrad. Further, if the wall of the neural tube is

divided into basal and alar plates, its cephalic pole ought to be the most

cephalic point in their line of union, i. e., in the terminology of His,

the cephalic extremity of the sulcus limitans, when this sulcus can be

recognized. It would seem, therefore, that wherever this point is local-

ized it cannot be situated in the raphe which throughout its length is

assumed to be a suture between the summits of the alar plates, or, if

our interpretation prove correct, in the forebrain, between retained gang-
lionic zones. To accept the last point of attachment of the ectoderm

marked by the recessus neuroporicus as the extremity of the axis, implies

that the raphe below this point is a suture between the basal plates,

although it has never been shown that they were primitively cleft;

further it would seem the necessary consequence of the acceptance of

this landmark (recessus neuroporicus) that the mammillary and in-

fundibular regions and the ventral half of the optic vesicles themselves

were derived from the basal lamins. To accept the recessus neuroporicus
as the ontogenetic pole of the brain seems, therefore, to disregard the

ventral deflection of the neuraxis and' the composition of its wall of

basal and alar plates. In His's three months' embryo (Xo. 7 of Ziegler's

series of models) the sulcus limitans passing forw-ard in the midbrain

is continuous with a furrow which arches ventrad and reaches the mid-

line immediately in front of the oculomotor nucleus. This, we believe,

is actually the sulcus limitans demarcating the alar and basal laminte

and reaching the midline where the latter ceases to give evidence of its

existence, i. e.. immediately in front of the oculomotor nucleus, the most
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cephalic structure which by its derivatives can be assigned to the basal

plate. A second furrow, not connected with the foregoing, extends

across the wall of the thalamencephalon, nearly horizontally, to the fora-

men of Monro. This sulcus of Monro, His interpreted as the continuation

of the sulcus limitans. The interpretation we have suggested is at least

as concordant with his observations and dges not entail morphologic im-

possibilities.

In order to facilitate the comparison of these divergent interpretations

we subjoin two schemata; the first (Fig. 1) is based on the well-known

Fig. 1.—Schema of the composition of Hie encephalon in terms of basal and alar plates

of His

1. Basal plate. 2. Alar plate. 3. Sulcus limitans.

figure of His; the second (Fig. 2) iilusti-ates the region of the neuraxis

which must be assigned to the ganglionic crest on the basis of our in-

terpretation. We have retained from His's figure the sulcus limitans

as it appears in later stages of development for the pur])ose of defining

the basal plate, although in the period of development of the cat covered

by our series of embryos this furrow is not even indicated.

Prosexcephalon

The elevation of the neural folds at their cephalic extremity is accom-

plished in two phases, affecting first their basal, later their alar portions
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(Plate XXII, Fig. 2; Plate XXIIJ, Fig. 2, and Plate XXVII, Fig. 1).

The process is completed iu the embryo of four somites. Two conspicu-

ous landmarks are now present
—the tubercle of the floor and the optic

sulcus. Corresponding to the latter is a thick-walled evagination, the

optic vesicle (Plate XXIV). This anlage resembles those of the quintal

and acoustico-facial ganglia and is peculiar only in the course of the

sulcus, which here approaches the floor at its cephalic and not its caudal

extremity, as in the case of the other ganglia. The tubercle of the floor

intervenes between the terminal portions of the optic sulci. Yentrad it

Fig. 2.—Schema of the composition of the encephalon in terms of basal and alar plates
and ganglionic zone

1. Basal plate. 2. Alar plate. 3. Sulcus limitans. 4. Ganglionic zone.

is in relation with the blind extremity of the foregut; the stomodaeum

approaches, but hardly reaches it, from in front. By means of these

relations the tubercle is easily recognized in succeeding stages, when

ultimately it forms a transverse ridge intervening between the mam-

millary and infundibular regions.

The wall of the optic vesicle is divided by the sulcus into a ventral

portion adjoining the floor plate and an ectal zone extending to the

neurosomatic junction, and therefore forming the summit of the medul-

lary fold and later the lateral lip of the neuropore. Ventrally this zone

joins the tubercle of the floor, which so constitutes the ventral neuroporic
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lip. It is obvious, but important to note, that the optic vesicle at this

stage forms the cephalic extremity of the neuraxis. Preoptic structures

in consequence must be derived secondarily, cither from the ectal zone

of the optic vesicle, or by inrolling of somatic ectoderm at the neuropore.

Of the latter process there is no evidence in the cat, and this alternative

seems excluded l)y the alirupt character Qf the neurosomatic Junction.

We may, therefore, confine our attention to*thc optic vesicles and sum-

marize the changes by whicli they give rise to an ectoptic zone wliich

includes the anlagcs of the tlialamencephalon, telenco]ilialon and the

infundil)ular region. Most striking is the progressive iuul absolute re-

duction in size of the optic vesicles, which are actually smaller at tlic

stage of sixteen somites tlum they were at eight. Coincidently they cease

to occupy the whole vertical extent of the wall of prosencephalon and

become relegated to a ventral position. The nature of these changes,

especially the reduction in size of the optic vesicle, permits of but one

interpretation, namely, that the ectoptic zone is formed at the expense

of the vesicle. A similar remodeling of tlie ventro-caudal portion of tlie

vesicle gives rise to the infundibular region.

As the tubercle of the floor constitutes the extremity of the floor-plate

and at the same time the primitive ventral lip of the neuropore, it is of

prime importance to ascertain its position in subsequent stages of de-

velopment. It is easily recognized hy its tliickness and its interposition

between the ventral ends of the optic sulci. At first, a]s(\, it is abutted

upon by tlie ciil-dr-sac of the foregut which, however, rapidly recedes

from it, at eight somites only reaching its caudal extremity and at ten

somites terminating beneath the midbrain.

In Plate XXXIX, Fig. 1, the ental surface of the lu'ain is shown bv

a mid-sagittal section of an embryo of eight somites. The tubercle of

the floor (2) forms the ventral lip of the neuropore; its cephalic ex-

tremity is connected with the supi'asulcal portion of the optic vesicle of

each side. From tlie parieties it is separated by the shallow ])rolongation

of the optic sulcus which terminates in a depression of the floor, imme-

diately behind the tubercle and above the foregut. There is. as yet, no

corresponding elevation of the ectal surface; the recess is the first evi-

dence, in our series of the mammillary region (17). In tlie embryo of

ten somites (Plate XXXIX, Fig. 2) these fundamental relations are

still recognizable, although important changes have supervened. Coin-

cidently with the ventral deflection of the extremity of the neuraxis, the

tubercle of the floor (2) has assumed a vertical position. A considerable

degree of closure has been effected ventrally in the anterior neuropore,
so that the tubercle no longer constitutes its ventral lip. The mammil-
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lary recess (17) is better defined, the mammillary eminence projects

laterad but scarcely as yet forms a prominence in the mid-ventral line.

As a consequence of closure ventrad in the neuropore and of the ventral

deflection of the optic vesicles, a prominent angle is formed immediately

below the tubercle of the floor, which now intervenes between the two

recesses, the mammillary above and the one just described, the infundibu-

lar (18), below. The optic sulcus meets the floor-plate in the infun-

dibular region, Ijut a shallow prolongation can still be followed beside

the tubercle of the floor. In the embryo of twelve somites (Plate XL,.

rig. 1), slight changes have supervened. The floor as a whole is thinner,

which may be taken as an expression of the expansion of the cavity, and

the tubercle of the floor (2) is no longer a conspicuous thickening. The

infundibular region (IS) has increased in size and its cavity is more

widely confluent with that of the optic vesicles. Coincidently the termi-

nal portions of the optic sulci undergo reduction and lose their intimate

relation to the tubercle of the floor. A very faint furrow may be fol-

lowed from the optic vesicle across the parieties just above the remnant

of the tubercle, while the main line of the optic sulcus extends into the

infundibular region. The tubercle of the floor is now losing its de-

marcation from the parieties with the effacement of the primitive ventral

segment of the optic sulcus, and from this period appears as a transverse

ridge inteiTening between the mammillary and infundibular regions.

It is, therefore, evident that the mammillary region arises from the

cephalic extremity of the primitive floor-plate and that the infundibular

region is a derivative of the primitive optic vesicles.

Kot only ventrally but also dorsally the periphery of the optic vesicle

nudergoes a remodeling and important new conditions are established.

First, a prominence is formed immediately in front of the anterior

isthmian sulcus, the thalamencephalon, and subsequently the telenceph-
alon emerges in front of this. The two elevations are separated by a

slight depression, the first indication of the velum transversum, from the

stage of thirteen somites, the earliest period at which the telencephalon
is recognizable. Both of these structures appear in the lip of the anterior

neuropore prior to its closure in their respective regions, and are accom-

panied by a recession of the optic vesicle from the margin of the medul-

lary plate and, what is of major importance, an absolute diminution in

the size of the vesicle. This is well marked in the period of from ten

to sixteen somites when the thalamencephalon, telencephalon and infundi-

bular region are well defined and the optic vesicle reaches the margin of

the neuraxis at only a single point between the infundibular region and

telencephalon. From this period the ventral pole of the vesicle slowlv
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recedes I'l'din the iiiargin, and the ieleiH-e[)liah)ii beeomes continuous witli

the infundibular region. There has thus been fomied troni the periphery

of tlie vesicle a series of derivatives which constitute an ectoptic arcade

and in each case tlie ])rocess has been the same, a remodeling of the

primitive optic vesicle, so that its central region idtimately constitutes

the definitive vesicle, wliile its ])eriphery becomes allotted to the anlages

of the other elements of the prosencephalon wliidi ai-c. tbei-efore, ectoptic

in their arrangement and cannot be reduced to a linear scries of neuro-

meres referred lo the longitudinal axis of the neural tube. We have

now summarized the ontogeny of the forebrain as it a))pears in our series

of embryos of the cat. It is hardly necessary to add that we are not

offering these conclusions as an explanation of tlie ])hylogeny of the

mammalian brain.

Mesencephalon

Closure of the neural tube and its separation from the ectoderm are

accomplished first in the midbrain. As elsewhere, the resulting roof is

concave. The concavity is present in the whole lengtli of the neuraxis

but its degree increases cephalad and is most conspicuous in the fore-

brain. In the mesencephalon it is marked and persists to the stage of

sixteen somites ;
it is associated with a sagittal ridge which depends into

the., lumen entally. In section the ridge is often constricted at its base

of attachment and occasionally a fragment of it is found separate as a

small group of cells within the neural canal. In the embryo of eight

somites the mesencephalon (15) is closed in half of its extent and forms

the highest region of the neural tube (Plate XXYII, Fig. 3). At nine

somites the closure is complete, the midbrain has lengthened and its

height has markedly diminished (Plate XXXI, Fig. 2, 15). A com-

parison of these two embryos throws some light upon the nature of these

changes. The distance between the quintal anlage and Sessel's pocket
is the same in both models, Imt the interval between the optic vesicle

and the quintal ganglion has markedly increased, the axis of the optic

vesicle has altered and the forebrain has come to project strongly ventrad

at right angles to the rest of the neuraxis. These facts taken in con-

junction with the diminished height of the midbrain cannot be ade-

quately interpreted on the principle of unequal growth alone. It must

be taken as the expression of a remodeling of the whole regioji, in par-

ticular a lengthening of the dorsal portion of the midbrain without cor-

responding increase of its ventral parts, in consequence of which the

optic vesicle has not only been displaced but rotated tlirough 90° and

the neuraxis has been bent ventrad in the region of the forebrain. There
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are no signs of compression in the mesencephalon bnt the slight bulge

of the mammillary region is, perhaps, the result of flexure.

In embryos of ten to twelve somites (Plates XXXII and XXXIII),

the mesencephalon acquires a triangular profile, demarcated from the

hindbrain by a shallow constriction which gradually becomes pronounced

and has a vertical direction (the posterior isthmian sulcus 23). The

anterior isthmian sulcus (22) is horizontal and forms a sharp boundary

against the mammillary region but becomes shallow cephalad near the

pole of the optic vesicle. A slight transverse depression of the roof

separates the midbrain from the thalamencephalon (16). The walls are

convex and entally show nothing which can be taken for the sulcus

limitans of His. A'entrad the isthmian sulci converge to the angle made

by the forebrain with the floor of the neuraxis.

In the thirteen and fourteen somite embr\^os (Plate XXXIV), the

mesencephalon is gradually bent ventrad and comes to form the most

cephalic point of the brain. This bend is associated with clear evidences

of compression in the floor of the hindbrain. In the sixteen-somite

embryo (Plate XXXY), the mesencephalon has been carried slightly

beyond the crown of the cephalic arch and conjointly with the prosen-

cephalon (19) makes a right angle with the hindbrain. The isthmian

sulci now converge at an acute angle and the midbrain reaches the ventral

margin only by its pointed extremity. At) this stage, a nuchal bend is

well defined and the efl'ects of compression upon the mesencephalon are

at a maximum. From this period to that of twenty-one somites, the

midbrain lengthens in its dorsal segment and chiefly in a cephalic direc-

tion, as is shown by the alteration in the angle at which the anterior

isthmian furrow meets the floor as well as by the increased flexure of

the forebrain (Plates XXXVI-XXXVIII) . AVe have described the mid-

brain as a single segment without subdivision into neuromeres, for,

though we have searched for evidence of a constriction. Ave have been

able to find none in any of our embryos save that of ten somites, X"o.

476, and here with less certainty than could be wished. A faint con-

cavity was present between the isthmian furrows and inclined so that

its continuation would have bisected their angle and divided the mid-

brain into a slightly larger cephalic and smaller caudal portion. It was

confined to the dorsal portion of the neural plate without, however,

causing a depression in the roof. The brain in this embryo was some-

what spirally twisted to the right and the depression in question was

not quite sjTnmetrical on the two sides. For this reason and because

in all our other embryos the midbrain attains its greatest width precisely

in the region where this exceptional furrow appears, we are inclined to

attribute its presence to the unusual twist of the head.
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Rhombencephalon

The large ganglia of the quintus, acoustico-facialis and profundus,

which develop in the order named, are associated in their inception with

sulci. These, hegiuning near the neurosomatic junction, and at first

parallel to it, eventually turn ventrad pursuing an oblique course across

the medullary fold. Each furrow is thus x;omposed of a cephalic seg-

ment, intimately concerned in the formation of the ganglia and a caudal

portion which, becoming broad and shallow, occasions a dilatation of

the neuraxis. As the tube closes three oljlique segments are formed.

In the embryo of ten somites (Plate XXXII, Fig. 2), where we were

first able to recognize the profundus anlage distinctly, four segments
were present. The first (31) is triangular in form with base ventrad,

extending from the posterior-isthmian sulcus to the oblique furrow at

the summit of which is the profundus ganglion (Sa). This element has

no ganglion associated with it developmentally but owes its demarcation

to the establishment of a caudal boundary of the midbrain in the poste-

rior isthmian sulcus. It is followed by three oblique ganglionic segments
which are the expression of the oblique caudal portions of the ganglionic

sulci in the interior of tube. Externally three oblique intersegmental
constrictions are present, so that the third ganglionic segment lacks a

caudal boundarj' and merges into the relief of the myelencephalon. The

ganglia are situated at the summits of these furrows and are accordingly

intersegmental in their points of attacliment, as was first pointed out by
Miss Platt.i"

This configuration is retained to the stage of thirteen somites. In

these embryos, and very vaguely in the more advanced embryos of twelve

somites, the surface of the neural tube behind the ganglionic segments
becomes marked by alternating constrictions and dilatations. These, in

marked contrast to the ganglionic segments, are vertical in position and

correspond to the mesodermic somites which abut upon the neuraxis in

the intervals between the dilatations. Tliese vertical segments are un-

doubtedly the myelomeres of ]\[cClure^^ and are widely different struct-

ures from the oblique ganglionic segments of more cephalic position.

Primitively the two series are separated by a consideral^le interval which

is not effaced until the stage of fourteen somites, the most cephalic

myelomeres being relatively late in apj^earance. Their retardation, we

believe, is due to the small size of the mesodciinic somites in tliis region.

i"
.T. B. Platt : "A f'ontiilmiion to iln' Minplioluuy of the Vortel)rate Ilpiui bas«ed on a

Study of Acanthias Vulsaris." .Tour. Morpli., Vol. V. 1801.
" C. F. W. McCLrRE : "Tlie Primitive Sesmeiitation of the Vertebrate Brain." Zool.

Anz. .lahrg.. Vol. .XII. ISSO.
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SO that they are slower in producing an effect upon the modeling of the

neuraxis. There is besides some evidence in the cat that somites are

added at the cephalic end of the series, which also would serve to explain

the retardation of the corresponding myelomeres. We are assuming that

the segmentation of the neuraxis into myelomeres is ontogenetically

secondary to the segmentation of the mesoderm, a view which receives

support from the fact that the number of myelomeres always lags behind

that of the somites, as well as by the fact that where the somites are

small and possibly retarded in appearance developmentally as in the

region just considered, there also the myelomeres are late in appearing.

'it is possible, therefore, to recognize two principles of segmentation
in the deuterencephalon ;

the first incident to the formation of the

cranial ganglia, the second associated with the segmentation of the

mesoderm, for it is to be noted that the appearance of the ganglionic

segments long antedates the branchiomeric segmentation. When, there-

fore, the series of myelomeres becomes continuous with the ganglionic

segments the result is not a meristic series of equivalents but comprises
structures diverse in their genesis and heterogeneous in their products.

In the stage of fourteen somites, the boundary between these two

series is gradually effaced and important changes supervene in the gang-
lionic segments. The first and second of these become subdivided ven-

trally. This is initiated in the first segment at the stage of fourteen

somites, in the second segment at nineteen somites. The third main-

tains itself as a small dilatation immediately in front of the first somite.

These changes coincide with the formation of the pontine angle, the

surface of which is marked by five elevations corresponding to the third

ganglionic segment and the subdivisions of the first and second. In

addition a small prominence, corresponding to the first myelomere, is

situated immediately caudal to the last of these elements and is also

recognizable at twenty-one somites (Plates XXXVII and XXXYIII).
If we now add to our reckoning the pre-ganglionic segment abutting

upon the posterior isthmian sulcus, a total of seven elevations is reached

for the hindbrain, a number within the limits of the count given by
students of the region in mammals, variation in which might well depend

upon the age of the embryo studied.

It would seem, therefore, that these elevations correspond to the

neuromeres of authors. We have endeavored to show that they are

secondary and heterogeneous.
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Annotations of Leaders on all Plates

1. Optic sulcus or vesicle.

2. Tubercle of the floor.

5. Quintal sulcus or ganglion.

Sa. Profundus ganglion.

Jf. Acoustico-facial sulcus or ganglion. »

5. Medullary plate or medullary fold.

6". rrimitive groove.

7. Somatic ectoderm.

8. Anterior neuropore or its vestige.

9. Quintal hiatus.

10. Acoustico-facial hiatus.

11. Other hiatus in line of closure.

12. First ganglionic segment.

12a. First ganglionic segment ; its cephalic portion.

121). First ganglionic segment; its caudal portion.

13. Second ganglionic segment.

13a. Second ganglionic segment ; its cephalic portion.

13b. Second ganglionic segment ; its caudal portion.

14. Third ganglionic segment.
15. Mesencephalon.
16. Thalamencephalon.
17. Mammillary region.

18. Infundibular region.

19. Telencephalon.

20. Ganglionic crest.

21. Rhomboid fossa.

22. Anterior isthmian sulcus.

23. Posterior isthmian sulcus.

24. First myelomere.
26. A'elum transversum.

27. Excrescence associated with vestige of anterior neuropore.

28. Region of transition between somatic ectoderm and neuraxis.

29. Mesoderm.

SO. Entoderm.

31. Preganglionic segment of deuterencephalon.
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EECORDS OF MEETINGS

OF THE

NEW YORK ACADEMY OP SCIENCES

January to December, 1914.

By Edmuxd Otis Hovey^ Recording Secretary NEW votf

*AKIV

BUSINESS MEETING

5 Januaey, 1914

The Academy met at 8 :22 p. m. at the American Museum of Natural

History, President George P. Kunz presiding.

The minutes of the last business meeting were read and approved.
The following candidates for membership in the Academy, recom-

mended by Council, were duly elected :

Active Membeeship

P. H, Pike, Columbia University,

E. G. Eccles, 681 Tenth Street, Brooklyn,
Hermann von W. Schulte, College of Physicians and Surgeons.

The Recording Secretary then reported from the Council the recom-

mendation that Mr. Emerson McMillin be elected a patron in recognition

of his direct gifts of more than $1,000 to the active work of the Academy.
On motion, the Academy unanimously adopted the recommendation,,

and Mr. McMillin was declared a patron of the Academy.
The Academy then adjourned.

Edmund Otis Hovey^

Recording Secretary.

SECTION OP GEOLOGY AND MINERALOGY

5 January, 1914

Section was called to order at 8:15 p. m., Vice-President Charles P.

Berkey presiding and forty-three members and guests being present.

r> (347)
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The minutes of the previous meeting of the Section were read and

approved.

The following scientific programme was then offered :

Miss Marjorie O'Connell, A Eevision of the Genus Zaphrentis.

Chester A. Reeds, The Oolites of the Chimneyhill Forma-

tion OF Oklahoma.
Charles P. Berkey, The Origin of Some of the Complex

Structures of the Ancient Gneisses

OF ISTew York.

Summary of Papers

Miss O'Connell 's pa])er gave an account of a proposed reclassification

of the genus Zaphrentis which will eliminate the inconsistencies at pres-

ent extant.

This paper has been published as pages 177-192 of Volume XXIII of

the "Annals."

Dr. Reeds 's paper was illustrated with lantern slides showing thin

sections of oolites, in which he pointed out typical structures. Hand

specimens were also shown.

This paper was discussed by Professor Grab'au, Dr. Berckhemmer and

Dr. Berkey.

Dr. Berkey ]>resented a continuation of his paper on this subject begun
late last year, and this section of it was illustrated with lantern slides.

Discussion was postponed until the next meeting owing to the lack of

time.

The Section then adjourned.

A. B. Pacini,

Secretary.

SECTIOX OF BIOLOGY

12 January, 1914

Under the auspices of the Section of Biology, a general meeting of the

Academy and its Affiliated Societies was held in the main lecture hall at

the American Museum of Xatural History at S:1.5 p. .m.

President Kun^ introduced the Chairman of the Section of Biology,

Professor Eaymond C. Osburn, who presided.

The reading of the minutes of the last meeting was dispensed with

and the following programme was then offered :
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Conference on the Piltdown Skull and the Origin of Man

Henry Fairfield Osborn, (Jkological Age and Succession of Early

Human Types.

J. Leon Williams, Ox the Piltdown and other Prehistoric

Skulls.

R. Broom, C'liriK^rK oi- Keith's and Smith Wood-

ward's Eestorations of the Piltdown

Skull.

William K. Gregory, Tin; r)AsE of the Cranium in Anthropoids

AND Man.

Summary of Papers

The substance of Professor Osborn's paper will appear in Volume

XXVI of the "Annals."

Dr. Williams gave a careful statement of the essential facts regarding

the discovery of the Piltdown remains and the principal points of the

reconstructions attempted by Drs. Keith and Smith Woodward.

Professor Broom defended Smith Woodward's reconstruction, which he

held to be far better than Professor Keith's.

Dr. Gregory s]ioke in snl)stance as follows :

Some years ago a work by the Dutch anatomist Van Kami)en directed

my attention to the importance of the detailed characters of the base of

the brain-case as indicating the relationships of various groups of mam-

mals. The special characteristics of the bony portions of the organs of

hearing are highly significant, in revealing descent from common an-

cestors among widely different animals. I therefore propose to pass

rapidly in review before you the basal view of the skull in many families

of Primiates and to point out the significance of the resemblances and

dilferences in the auditory region.

LemiiricUe. In this family the auditory bulla or bony resonating cham-

ber of the middle ear is swollen up in a more or less hemispherical or

ovoid form. It completely incloses and hides from view the delicate ring

of bone upon which the tympanic membrane is stretched and which is

known as the tympanic annulus or tympanic bone. The existing lemurs

have evolved into widely diverse forms : here we have a more or less in-

sectivorous form, and here a large sloth-like, leaf-eating form, and yet

the formation of the auditory region is essentially identical in all. This

formation is one of the characteristics which these now very diverse

lemurs have probably inherited in common from remote and extinct

;iii(('stors, such as have been found in the Eocene formations of Wvoming.
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IndHsidiV . Tlic I iiiliisi<la' iiicludc ccilaiii lii<:iily specialized lemurs

from MadagasciU', such as tlu' Sifakas and Imliis. As compared with

the lower lemurs <iivat advances liave been made in tlic structure of the

teeth and in the size of the bi'ain-casc, i)ut the foiination id' the auditoi'y

bulla remains the same and tliis is one id' ilic ( liaiacters wliicli reveals

relationship with the typical lemurs.

The Nycticebida^ include certain curiolisly modified lemuroids of

Africa and the oriental region, such as the slow loris and the galagos.

These lemuroids have uudergone considerable modification in the basi-

cranial region. It is much wider, the mastoid region in the back of the

skull is swollen up, the tympanic annulus is no longer concealed l)y the

bulla but lies as a short rim at the external border of the bulla.

The South American monkeys of the family Cebidie differ markedly
from the lemurs as follows: the tympanic annulus is not concealed by

the auditory bulla but lies external to it and is closely joined with it. the

suture disappearing in the young animals. The base of the brain-case

has been greatly widened and the bulla itself is further in toward the

mid-line than it was in the lemurs. The tympanic thus forms a short

napkin-ring-like spout, called the bony auditory meatus.

The monkeys of the Old World or catarrhine Primates. In these the

auditory bulla is not so much expanded as in preceding families. It is

pierced by a large canal or foramen for the carotid artery. The tym-

panic bone now form$ a greatly elongated spout leading to the outci- car.

In this slide we see the wide range in structure among the existing

macaques and baboons. Beginning with a short-faced more round-headed

m;u'aque we pass by almost imperceptible gradations to these very highly

specialized baboons with enormous elongated faces and massive jaws and

teeth. Amid all this diversity in form the structure in the auditory

region remains constant, as we see by comparing the most specialized

form, the mandrill, with the prim^itive form figured at' the left.

We pass now to a much higher group of the Old World apes, the Sem-

nopithecina;, which includes the langurs, the guerezas, the long-nosed

monkey and others. Were it not for their high vegetarian specializa-

tions these monkeys, so far as the skull is concerned, might almost be

regarded as ancestral to man. Again we have a wide variation in form

fi-om short-faced to long-faced types, but the formation and arrangement
in the auditory region is the same as in all other Old World apes, namely,
the bulla is not greatly inflated and is pierced by the carotid foramen

or canal while the tympanic forms a long tapering spout.

The antliropoid apes all agree again in the structure of the auditory

region. Here is the auditory bulla, pierced by the carotid canal, and
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here is the long spout-like tympanic. Passing on the right to the human

skull, notwithstanding its marked differences in the proportion of vari-

ous parts, we see a fundamental agreement with the anthropoids and

with all the Old World monkeys in the auditory region. Here again is

the auditory bulla pierced by the carotid canal, now greatly enlarged,

and here again is the long spout-like tympanic somewhat altered in ex-

ternal contour.

If this agreement stood by itself it might be ascribed to convergent

evolution, but taken in connection with hundreds, even thousands, of

other agreements it can onlv mean common ancestrv with the anthro-

poids and the Old World monkeys.
The Piltdown skull fortunately preserves a portion of the auditory

region together with the articulation for the lower jaw. It conforms,

as do all other human skulls, to the type common to the Old World mon-

keys, the anthropoids and man. In the form of the articulation for the

lower jaw it is very man-like, but in the form of the lower jaw itself it

is more orang-like. It is thus a synthetic type combining in a way not

hitherto known the characters of m;an and of apes.

Conclusion. If any of you may think that I have overestimated the

significance of this fundamental agreement in the structure of the audi-

tory region in man and the Old AVorld monkeys and anthropoid apes, I

can only reply that the study of evolutionary relationships is a science in

itself, that by long experience the facts force themselves upon us and

compel us to place certain values upon them.

The conclusion that mankind is related by common origin with the

Old World monkeys and anthropoids is irresistibly forced upon palaeon-

tologists, who are familiar with scores of other well-established evolu-

tionary series. But in view of the incredulous attitude of many it is the

duty of those who are famjiliar with the facts to place them before the

public.

The conference was followed by a collation which was served in the

Eskimo Hall. The Section then adjourned.

William K. Gregory,

Secretary.

SECTIOX OF ANTHROPOLOGY AND PSYCHOLOGY

26 January, 1914

Section met in conjunction with the American Ethnological Society at

8:15 p. M., Professor Franz Boas presiding.
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The meeting was devoted to a public lecture, as follows:

Fay Cooper Cole, 'I'liji Wji.u 'I'imuks of Mindanao.

Summary of Paper

Mr. Cole lirst described ilic Islaiid of Mindanao and its history, then

discussed in more detail the life of two of the pagan tribes—the Bukid-

non and the Bagobo.
The Bukidnon, who inhabit the iioi'tli-cciilral pdi'tion of the island,

have for ccntui'ies l)een harassed by the wild Maiiolio w ;ii-i'ioi-v on the

east and by the slave-hunting Moro on the west. The many conflicts with

these enemies caused them to dcxdop a uniciuc cnUurc. one phase of

Avhich is shown in the tree dwellings found in part of tlicir territory.

The presence of three well marked ])liysical types in the population is

another point of interest brought out by this paper. The natives' views

concerning the spirit world and some of the ceremonies made to pro-

pitiate the superior beings were described and illustrated in the talk.

Going to the Bagobo, on Davao Gulf, a glimpse was given into their

traditions, laws and customs, particularly those which led up to and ex-

plained the custom of human sacrifice, and the organization know^n as

Magani—the members of which gain tlic right to the title and a dis-

tinctive type of dress by slaying a certain num])cr of enemies.

The lecture was illustrated by about seventy slides showing the coun-

try, the people and their homes and several native crafts.

The Section then adjourned.

K. H. LowiE,

Secretary.

BUSINESS MEETING

2 Febkuaky, 191-1

The Academy met at 8:17 i'. m. at the American Museum of Natural

History, President George F. Kunz presiding.

The minutes of the last business meeting were read and approved.

The f(dlowing candidates for membership in the Academy, recom-

mended by Council, were duly elected:

ACTIVK MeMBKRSTI i I'

W. J. Matheson, 182 Front Street,

A. A. Goldenweiser, Colum})ia University,

Marguerite T. Lee, (>(! West 95th Street.
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Associate Membership

Miss Euth Eaeder, Barnard College.

The Eecording Secretary then reported the following deaths :

Henry W. Boettger, Active Member since 1905, died 13 January,

1914,

Dwight A. Jones, Active Member since 1905, died 7 December, 1913,

David L. Pettigrew, Active Member since 1896, died 19 January,

1914,

George Taylor, Active Member since 1907, died 20 September, 1913.

The Academy then adjourned.

Edmund Otis Hovet,

Eecording Secretary.

SECTION OF GEOLOGY AND MINEEALOGY

2 February, 1914

Section was called to order at 8:15 p. m., Vice-President Charles P.

Berkey presiding.

The minutes of the last meeting of the Section were read and approved.

The following scientific programme was then offered :

Henryk Arctowski, A Study of the Changes in the Distribution

OF Temperature in Europe and North Amer-

ica During the Years 1900-1909.

Charles P. Berkey, Origin of Some Complex Structures or the
Ancient Gneiss of New York: Igneous Con-

tacts AND Transitions.

Summary of Papers

Dr. Arctowski 's paper has been published as pages 39-113 of Volume

XXIV of the "Annals."

Dr. Berkey : The following items cover the chief modifications and re-

statements discussed:

The Sedimentary Series:

1). The fundamental formations, including the Fordham gneiss, were

originally a simple sedimentary series.

2). There is nowhere in the region any evidence of an older basement.

3). The relation between the Manhattan schist and the Inwood limestone

is essentially a conformable transition showing considerable oscil-

lation and local variation.
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4). There is also either a conformable or a simple overlap relation be-

tween the Inwood and Fordham formations with some interbed-

ding of gneiss within the limestone.

5). The streaked character of the Manhattan schist is due chiefly to

igneous impregnation of an already strongly foliated metamorphic
rock. Its other characters are of primai-y sources.

6). The chief impurities of the Inwood, exclusive of the pegmatite dikes,

are recrystallized primary niattei's.

7). The strongly banded structure of the Fordham is of complex origin-
its fundamental cause is primary sedimentary difference and strong

bedding structure. The rock has been injected along these weak-
ness lines with igneous matters.

8). Distortions are for the most part of regicmal dynamic origin, but in

some instances, in the larger intrusives, it is in part of flowage

origin.

9). The prevalent granitic composition of the Fordham is in part of pri-

mary (arkose) origin and in iiart simple injection and in ]>art an

impregnation of granitizing .solutions.

10). There are variations in the Fordham indicative of original inter-

bedded limestones similar to the Inwood. and shales similar to the

Manhattan, besides the more abundant .sandstones and arkoses.

11). There is no direct evidence as to the exact geologic age and no per-

fectly satisfactory correlation.

The Igneous Series:

12) . The large intrusive masses are represented by :

(a) "Yonkers gneiss."

(ft) "Raven.swood granodiorite."

(c) "Staten I.sland serpentine."

13). The smaller igneous representatives include:

(d) "Pegmatite dikes."

(e) "Anthophyllite rock."

(/) "Hornblende schist strips."

{g) I^enticular and irregular masses and streaks of pegma-
titic matter in the schists.

(h) Some of the bands of the Fordham gneiss.

(i) Much impi-egnating granitic matter now intimately mixed

with materials of other origin.

14). The principal structui-e of the Yonkers and the Ravenswood is essen-

tially primary and of two types :

(1) A superimposed structure derived from mthI in part pre-

serving the structure of parti.-illy absorbed older

masses.

(2) An induced structure due to movement in the magmatic
mass during crysbiUization.

15). The structure of the hornblende schist, "Anthophyllite rock" and

serpentine is chiefly secondary (metamorphic).

16). The igneous representatives vary in age.
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17). There is very great difference in extent of igneous effect in ttie differ-

ent fundamental formations. I judge that there is a strongly
selective influence exerted by the formations themselves.

General:

18). As a result, all of the formations are complex in composition—iu

part priuiur\-. in jiart metamorphic. in part introduced, and

19). All of the formations are also complex in structure—in part of pri-

mary sedimentary control, in part induced by metamorphism (re-

crystallization), in part of primary igneous habit, in part a pri-

mary structure emphasized by its control over igneous injection,

and in part purely secondary dynamic modification.

The Section then adjourned.

A. B. Pacini,

Secretary.

SECTION OF BIOLOGY

9 February, 1914

Section met at 8 :15 p. m.. Professor Eaymond C. Osbuxn presiding.

The minutes of the last meeting of the Section were read and approved.
The following programme was then offered :

W. D. Matthew, Some Eemarkable Extinct Animals of

South America.

Hobert Cushman Murphy, Habits, Anatomy and Eelationships of

the Sea Elephant (Mirounga leonina).

Summary of Papers

Dr. Matthew: The American Mviseuni collections of extmct South

American mammals includes a series of eight mounted skeletons repre-

senting the Edentates, hoofed animals and Carnivores that flourished

during the PampEPan and Santa Cruzian epochs. The chief characteris-

tics of these animals were outlined.

Mr. Murphy had studied the Sea Elephants at South Georgia, a small

island in the Antarctic Ocean, where he had secured a series of specimens
of them and of other animals for the American Museum of Natural His-

tory and for the Brooklyn Institute of Arts and Sciences. He exhibited

a remarkable series of photographs of living Sea Elephants ;
also a series

of skulls representing the principal genera of the Phocidaj, arranged ac-

cording to their structural affinities, the extremely long-skulled Sea

Leopards being at the left, I'hoca, of intermediate structure, near the

center, and Monachus and Mirounga, with widened skulls, at the right.
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After discussion of the papers the Section adjourned.

William K. Gregory,

Secretary.

SECTION OF ASTliONOMY, PHYSICS AND CHEMISTRY

16 FKBRnAiiY, 191-r

Section met at 8:15 p. m., Vice-President Charles Baskerville pre-

siding.

The evening was devoted to the following lecture :

H. T. Barnes, The Physical Effects Produced by Icebergs i.v the
North Atlantic.

Summary of Paper

Professor Barnes said in abstract: The formation, drill and niclling

of icebergs form for the physicist subjects of inquiry of great practical

value. The whole matter has been, until recently, neglected, but popular

opinion now demands careful investigation of it. Although the need for

such inquiry is no more acute than it has always been, the lecture now
offered to the Academy deals with our present knowledge and points out

the great value which would result from a careful investigation of the

Labrador current, for whicli a large appropriation by the various govern-

ments concerned would be necessary.

The lecture was followed by a collation which was served in the Eskimo

Hall. A reception was tendered to Professor Barnes, and the Section

then adjourned.

E. E. Smith,

Secretary.

SECTION OF ANTHROPOLOGY AND PSYCHOLOGY

23 February, 1914

Section met in conjunction with the New York Branch of the Amer-

ican Psychological Association at Princeton, Ncav Jersey, Professor R. S.

Woodworth presiding.

The following programme was offered :

H. C. McComas, Some Tests of Efficiency in Telephone Op-

erators.
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H. A. Rug-er, Transfer and Ikterfhrrnce in tfte SmsTiTU-

TioN Test.

A. T. Poffenberger, A Comi-arison of the Effects of Strycitnine

AND Caffeine on Mental and Motor Effi-

ciency.

H. L. Hollingworth, A Comparison of Stylus and Key in the
Tapping Test.

Carl C. Brig-ham, An Experimental Critique of the Binet-

SiMON Scale,

R. S. Woodworth, The Work Curve for Short Periods of In-

tense Application.

Garry C. Myers, Eecall in Eelation -n) Eetention.

Summary of Papers

• Dr. McComas said : Two methods may be followed in testing telephone

operators ; one, by analyzing the activities at the switchboard and exam-

ining each, the other by testing these activities as a whole. The latter

was followed in the work at the Princeton Laboratory. The apparatus

duplicated an actual switchboard, on a small scale. The operator made
connections at the board and these were timed by a kymograph in an

adjoining room. The kymograph records showed the time which elapsed

between the appearance of a light over a call connection and the moment
an operator "plugged in;" also, between the moment a number was called

and its appropriate connection made. Fifty records in succession were

taken for each subject. The operators were ranked according to the

quickness of their reactions. This ranking was compared with the com-

posite ranking made by two telephone supervisors independently. The

test easily detected tlie two best, and two out of three of the poorest, of

the nine operators supplied by the Princeton exchange.

This rather difficult test was supplemented by one Avhieli called for

very much simpler apparatus; practically a test in motor coordination.

The operator sat before a table supporting an upright board upon which

was fixed a sheet of paper containing ten crosses, arranged in three irreg-

ular rows. With a pencil she sought to touch the intersections of the

crossed lines in quick succession. After each thrust at a cross the pencil

point was brought down upon a blotter on the table. This gave a move-

ment similar to that of the switchboard. Each subject was instructed to

make tlie movements as quickly as possible, but not to sacrifice accuracy

for time. Tests were made for each hand and with the sheets in various

positions. The records in time wore taken witli a stop-watch; those for

accuracy, by measuring the distances of the pencil marks from the inter-
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sections of the liiK-s. 'V\\v rankings thus obtained agreed remarkably well

with the estimates of the supervisors, showing a correlation of .()2o0, with

a probable error of .14 (by Spearman's Footrule). We have, then, in

this form of the motor-coordination test a valual)lp means of detecting

the quickness and accuracy of telephone operators,
—two of the most im-

portant traits which make for success at the'switchboard.

In Prof. Ruger's papei" the piirpose of the stmly was to determine

whether a well-formed rival habit or a poorly formed one had the greater

influence on the formation of a given habit. The plan of the experiment

included an initial and final test series with a given key and a practise

series with keys formed by varying the arrangement of the test key. For

the practise series the group representing the well-formed habit practised

on a single rival key ;
the group representing the poorly formed habit

either constantly changed to a new key or practised fewer times on the

same rival key. In addition to these two main groups there were three

(•oiiliol groups and one group whicb practised on tlie test key. One of

the control groups read newspapers during the practise period; another

did addition, and the third worked on a different type of substitution.

All the groups took the initial and final tests with the test key. All the

groups did better in the final than in the initial test. However, the rival-

habit groups showed niueli less improvement than the control groups.

Consequently there was a dominant interference effect. This interfer-

ence effect was greater in the group that formed the one strong rival

habit than in the one that formed one or many weak rival habits. The

control groups were so planned as to have different degrees of relatedness

in their practise series to the test keys. The newspaper group simply

read what interested them—spontaneous attention : the addition group

worked with voluntary attention and at top speed. The substitution -

control group worked on material similar to the test series, but not con-

flicting with it. The three groups followed this, the above, order in the

extent of the improvement of the final over the hiitial test. Since the

difference, however, is less than the probable error, the control groups

may be considered as equivalent in this particular case. The gro\ip which

practised on the test keys showed two and a half times the improvement

of the control groups, while the control groups showed twice the improve-

ment of the poorly formed rival ha])it group and three times the im-

provement of the well-formed rival habit group. Improvement was

measured in terms of substitutions per second.

Three hundred and fifty subjects took part in the experiment. Wood-

worth's and Wells's color-naming and geometrical substitution tests were

employed. The symbols forming the keys were five different letters or

figures.
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Dr. Poffenberger 's paper is based on a comparison of tlie results of

two recent studies, namely, "The Influence of Caffeine on Mental and

Motor Efficiency," by H. L. Hollingworth, and "The Effects of Strychnine
on Mental and Motor Efficiency," by A. T. Poffcnberger, Jr. Striking

differences appear in the action of the two drugs upon certain mental

and motor processes. The two tests were conducted on the same general

plan, and comparison of the two is both permissible and easy. The tests

were those well known in every psychological laboratory. Motor ability

was tested by the tapping test, coordination test, and the steadiness test,

while the mental ability was tested by the color-naming test, opposites

test, cancellation test, and calculation tests.

Caffeine caused an increased efficiency in most of the tests, the amount

of increase varying with the size of the dose. Exceptions to this state-

ment were few, the principal one being the decrease in steadiness with

the increase in the size of the dose of caffeine. No after effects were

noted during the course of the test which extended over a period of about

forty days.

The strychnine test, covering about the same period of time, showed

none of these effects, except in the case of the steadiness test where there

was a suggestion of decreased steadiness after a dose. There was neither

an increase in efficiency nor a retardation measurable during the period

of the test.

The explanation of the difference is to l)e looked for in the seat of the

action of the two drugs in the nervous system, the latter acting primarily

on the cord and medulla and the former affecting the higher centers of

the cerebrum.

Dr. Hollingworth said: During a prolonged series of tests both stylus

and telegraph key were used in the tapping test by the same persons.

The paper presented some comparison of the results secured by the two

methods. Data secured by the two methods cannot be treated as even

qualitatively comparable,
—the two methods not only do not yield the

same results, but they do not seem even to test the same function. The

key is much slower than the stylus, the difference increasing with prac-

tise. The best individual by one method is not the best by the other.

There is 30 per cent, gain as the result of practise, when using the stylus,

but no gain at all in the use of the key. The variability of the records

is greater with the key than with the stylus. With respect to amount of

improvement through practise, individuals stand in the same relative

order by the two methods, but the individual variabilities are quite differ-

ent in the two cases.

Mr. Brigham said : The Binet-Simon scale was applied to 294 children
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from (J to 1() 3ears of ^ge, the majority of cases (23G) being under 13

years. Experimental conditions were adhered to as strictly as possible.

The three investigators were always in ignorance of the ])hysical age of

the child being examined.

A normal distribution of cases about the "at age" position was found,
83 per cent, of the cases uiider 12 testing, "at age," 3 per cent, "above

age," and 14 per cent, "below age."

The scale was not uniform for all ages, as showii by the average age
difference of each physical age group, given in the following array :

I'hysical jise 7 8 9 10 11 12

Averai?e (liffen-nce —0.5 —0.7 —1.4

The lack of tests above twelve years, and the difficulty of the "twelve-

year" tests cause the deviations from the norm at 10. 11 and 12 years.

The teachers and the principal graded the t-iiiJilren into five groups

according to mental capacity. The average age difference of the five

groups correlated with the teachers' judgments were as folloAvs: "Very

briglit" + 0.9, "Bright" 0, "Average" —0.5, "Dull" —0.9, "Very dull"

—1.8. In -4 per cent, of the cases there was a disagreement between the

judgments of the school authorities antl the results of the tests.

From the results of the investigation, it was found possible to conclude

that the scale, as now standardized, measured the development of intelli-

gence of the children examined with at least 96 per cent, efficiency, and

served as an adequate measure of comparatively slight individual differ-

ences in groups of the same physical age. The "twelve-year" tests were

found to be unsatisfactory. Sex differences were slight, girls possibly

tending to vary more than boys. The influence of the personal equation

of the experimenters upon the results of the tests was found to be neg-

ligible.

Professor Woodworth said: Though tbo question of mental fatigue

has been most examined in prolonged work, it is possible that a clwrac-

te'ristic work curve should be obtained from short periods. In collabora-

tion with Drs. AVells and Pedrick, the author has studied periods of 5-40

seconds in controlled association tests (logical relations, color naming,

simple directions), series of 10 or 20 stimuli being visually presented all

at once, and the subject' being required to react to the stinmli one after

another without intermission. The time of each single reaction was re-

corded in order to see whether the speed of reaction changed in the course

of the series. Tlie work curve so obtained varies from trial to trial, but

on the average runs a definite course. The initial reaction is the slowest,

the next few the quickest of all, then comes a gradual decline of speed
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till the last reaction, which is quicker than those Just before it. In the

traditional language of the work curve, we find here a rapid warming-up,
followed by progressive fatigue and an end-spurt. These conceptions are,

however, of questionable value when applied to so brief a period of work,

and a truer interpretation may be had from the notions of overlap and

interference. The "fatigue effect" is here, probably, an index of the

steady accumulation of interferences, while the warming-up and end-

spurt effects can be connected with the overlapping of the reactions to

successive stimuli. Overlap acts to the advantage of the performance as

a whole, in spite of the division of attention involved ; but in the case of

the first reaction, -the division of attention is present without any chance

of gain from the overlap, while in the final reaction the division of atten-

tion lapses and the advantage of overlap remains. When the same test

material is- used with an interval of a few seconds between the presenta-

tion of successive stimuli, both overlap and interference would be ex-

pected to drop out; and, in fact, the work curve under these conditions

reduces practically to a dead level.

^\v. Myers said: Ten words were pronounced with regular tempo to

300 boys and girls of normal school, academy, seventh and eighth grades.

The subjects were made to believe it was a regular spelling test. At vari-

ous intervals the several groups of each grade were surprised by the re-

quest to recall as many of the words as they could remember. All groups

compared gave a final recall after the same interval (one hour, one-half

hour, or three weeks). One group had two intervening recalls, one had

one and one had no intervening recalls.

The results for final recall are best with two intervening recalls, and

for one intervening recall much better than for none. The gain by the

five minute over the immediate recall is noticeably greater in its effect on

the final recall than the gain of immediate recall over no intervening re-

calls. The total percentages for the respective groups of girls are 89, 71,

-58; for the boys, 73, 61, 53 (final recall after 30 minutes). The total

percentages show a strong gain in efficiency in the final recall after one

hour, as a result of immediate recall—girls, 76, 43; boys, 61, 40.

On the whole the girls are noticeably superior to the boys and their

mode is one degree higher for each period of time. For immediate recall

and recall after one hour the mode for the boys is at 5, for the girls, at 6.

After three weeks it is at 4 and 6, respectively. The average deviation

from' the mode is consistently greater for the girls than for the boys.

The pedagogical significance of these findings, especially in relation to

drill and frequent reviews, is obvious.
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(This paper is published in full in the "Journal of Educational Psy-

chology/' March, 1914.)

The Section tlicii adjourned. R. H. Tx)Wie,

Secretary.

BUSINESS MEETING

2 MAKCfi, 1914*

The Academy met at 8 :15 p. m. at the American Museum of Natural

History, President George F. Kunz presiding.

The minutes of the last business meeting were read and approved.

The following candidate for active membership in the .\cademy was

duly elected :

Harvey Desehere, 50 Church Street.

The Recording Secretary reported the transferal of T. C. Brown from

the associate membership to the active membership list; and the follow-

ing death :

Mrs. C. T. Olmsted, Active Member of the Academy since 1907, died

21 January, 1914.

The Recording Secretary stated to the Academy that progress was

being made on the Porto Rico Survey and read the report made to the

Committee by Professor H. E. Crampton of his reconnaissance visit to

the Island, 27 December, 1913^ to ;U January. 1911.

The Academy then adjourned.
Edmund Otis Hovey,

Recording Secretary.

SECTION OF GEOLOGY AND MINERALOGY

2 March, 1914

Section was called to order at 8:15 v. m., Vice-President Charles P.

Berkey presiding.

The minutes of the last meeting of the Section were read and approved.

The following programme was then offered:

Francis M. Van Tuyl, Tin*: Okigtx of Dolomites.

Douglas W. Johnson, The Stability of the Atlantic Coast.

Summary of Paper

Mr. Van Tuyl summarized l)riclly the existing theories of the origin

of dolomite and pointed out that the experimental evidence was at present
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not adequate to predict the conditions under which this rock is formed
in nature.

The field studies furnish irrefutable evidence that the majority of the

dolomites examined have resulted from the alteration of limestone. This

evidence consists of the lateral gradation of layers of dolomite into lime-

stone, sometimes very abruptly; the mottling of limestone by irregular

patches of dolomite; the existence of remnants of unaltered limestone iit

masses of dolomite; the irregular boundary between beds of limestone and
of dolomite ; the presence of altered oolites in some dolomites

; the pro-
tective effect of shale beds; and the obliteration of structures. The con-

clusion was reached that the alteration must have proceeded in most cases

while the limestone was still beneath the sea, but it was admitted that

ground water was capable of producing local dolomitization under favor-

able conditions after emergence.
The Section then adjourned.

A. B. Pacini,

Secretary.

SECTION OF BIOLOGY

9 March, 1914

Section met at 8:15 p. m.. Professor Eaymond C. Osburn presiding.

The minutes of the last meeting of the Section were read and approved.
The following programme was then offered:

G.S.Huntington, 'I'm: Ilio-colic Juxction ix Vertebrates fi;(1]\i

THE Standpoint of Taxonomy and Function.

H. von W. Schulte, Tjfe Development and Anatomy of the Sali-

vary Glands in Certain Mammalian Orders.

Summary of Papers

Professor Huntington gave a review of the more important results

which had been based on the study of an extensive series of anatomical

preparations of the ilio-colic region in representative vertebrates, in the

College of Physicians and Surgeons. He discussed the relation of form

and function and the several homologies of the parts of the ilio-colic re-

gion in many fishes, amphibians, reptiles, birds and mammals.

Professor Schulte 's paper summarized the investigations of Dr?;.

Huntington, Schulte and Carmalt, published by the Columbia University

Press, 1913 (Vol. IV of Studies in Cancer and Allied Subjects Con-

ducted under the George Crocker Special Research Fund at Columbia

University).
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After discussion of the papers by Professor E. C. Osburn and others

the Section adjourned.

William K. Gregory,

Secretary.

SECTIO^^ OF ANTHROPOLOGY, AND PSYCHOLOGY

23 March, 1914

Section met in conjunction with the American Ethnological Society

at 8 :15 p. m. The meeting was opened by Dr. George F. Kunz, Presi-

dent of the Academy, who introduced Dr. Robert H. Ijowie, sectional

secretary, as the chairman of the meeting.

Dr. Lowie then introduced Professor Hiram Bingham of Yale Uni-

versity, the lecturer of the evening, the programme being

Hiram Bingham, Recext Kxpt.oiiatiox ix tuj; J.am:) ov iiii: ixcAS.

Summary of Paper

Professor Bingham's lecture gave the results of tlic expcdilion of 191:2

under the joint auspices of Yale University and the National Geographic

Society, which had for one of its chief objects the clearing and explora-

tion of Machu Picchu, in southern Peru, a city so ancient that there is

no reference to it in the Spanish chronicles, and its old name is not

known. The ruins were discovered by the Yale Expedition of 1911.

This ancient city, which seems to have been built by the Incas or their

immediate predecessors, between one and two thousand years ago, is situ-

ated on a narrow, precipitous ridge 3,000 feet above the Urubaraba River.

It is 9,000 feet above the sea, and is located in one of the most inaccessible

parts of the Andes, about 60 miles north of Cuzco. It contains about

200 edifices, including palaces, stairways, temples, fortifications, and

shrines, all built out of white granite. It is admirably situated for

defense, and is protected by two walls and a dry moat. In culture it is

probably purely Incaic. Owing to the extraordinary nunilier of windows,
the presence of three large windows in the principal temple and the

evidence of the city being finely situated for a place of refuge, it is

thought that possibly we may have here the ancient "Tamp Tocco," which

is ordinarily supposed to have been south of Cuzco, near the village of

Peccaritampu.
The lecture was illustrated with lantern slides.

After the address, a collation was served in the Eskimo Hall. This
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was followed by a reception to Professor Bingham, and the Section then

adjourned.
E. H. LowiE,

Secrelary.

BUSINESS MEETING

6 April, 1914

The Academ}^ met at 8 :15 p. :\r. at the American Museum of Natural

History, President George P. Kunz presiding.

In the absence of Dr. Hovey, Professor Berkey was appointed Secre-

tary pro tern.

The minutes of the last business meeting were read and approved.

The following candidates for membership in the Academy, recom-

mended by Council, were duly elected :

Active Membership

B. A. Hayner, Washington Irving High School,

E. B. Slack, Washing-ton Irving High School,

S. S. Bernstein, Catskill Board of Water Supply.

Associate Membership

Y. Tsenshan Wang, Department of Geology, Columbia Univ.

The Secretary reported the death on 16 March of Sir John Murray,

Honorary Member of the Academy, and read the following cablegram
sent to his family and the acknowledgment thereof :

"Murray, Challemjer Lodge,

Wardie, Edinburgh, Scotland:

New York Academy of Sciences expresses its deep sorrow over loss to science

through death its honorary member Sir Jolm Murray and its heartfelt sym-

pathy with surviving family.

(Signed) Edmund Otis Hovey, Secretary."

Challexger Lodge. Wardie, Edinburgh.
"Dr. Hovey,

Secretary, New York Academy of Sciences.

Dear Sir : I am desired by Lady Murray and family to offer to you, and

through you to the members of your Academy, their heartfelt thanks for your
kind message of sympathy.
With the expression of my profound respect, I am. Dear Sir,

Yours faithfully,

(Signed) James Chumley, Se&y"
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The Secretary reported that in response to an invitation from the

president of the Circolo Mateniatico di Palermo the Council had ap-

pointed the Marquis Antonio de Gregorio, Corresponding Member, to

represent the Academy at the thirtieth anniversary of the foundation of

the Circolo, to be held on 14 April.

The Secretary reported that Professor N.
J.,. Britlon, Chairman of the

Committee on the Natuial Histoiy Survey of Porto Eico, had received

from the Commissioner of Education of Porto Kico a cablegram to the

effect that tlie legislature had ai)])rovod the budget for the next fiscal

year, including an item of $5,00U for the {)urposes of the Academy's
Natural History Survey, also tliat Professor Britton had received from

]\Iajor Basil Dutcher, a letter conveying the same information and. saying

that the government's appropriations become available 1 July. The ex-

pectation is that this appropriation is to be repeated each year for an

additional four years in accordance with the proposition made by the

Academy.
The Academy then adjourned.

Charles P. Berkey,

Secretary pro tem.

SECTION OF GEOLOGY AND MINERALOGY

6 April, 1914

Section was called to order, Vice-President C. P. Berkey presiding.

In the absence of the Secretary, Dr. li. B. Earle was chosen to act as

secretary pro tem.

The following programme was offered :

George Frederick Kunz, The Joiix Boyd Thacher Park; The
Helderberg Escarpment.

Charles P. Berkey, Okigix of Some of the Complex Sthfc-

tures of the Ancient Gneisses of New-

York :
—Igneous versus Eecrystalliza-

TioN Effects.

Alexis A. Julien, Ttik Gi^kesis of Antigorite and Talc.

D.S.Martin, X Pkcultar Form of Padiated TonnrA-
line from Virginia.

Summauy of Papp:rs

Dr. Kunz prcscnlcil a pajx'i- on the iicldi'ibci'ir l^scarpment as shown

at Countrymen Hill Station—The John Boyd Thacher Park.
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On suggestion of Professor J. F. Kemp, the chairman appointed a

committee of three, Prof. Kemp, Dr. Pacini and Dr, Earle, to draw up
and send to Mrs. Thaclier resolutions expressing the thanks and appreci-

ation of the Section of Geology of the Xew York Academy of Sciences

for the gift of the John Boyd Thacher Park.

Di-. Berkey, in his paper, covered the sedimentary series and [lie igne-

ous series and concluded as follows :

As a result all of the formations are complex in composition
—in part

jirimary, in part metamorphic, in part introduced and all the formations

are also complex in structure—in part of primary sedimentary- control,

in part induced by metamorphism (recrystallization), in part of primary

igneous habit, in part a primary structure emphasized by its control over

Igneous injections, and in part a purely secondary dynamic effect.

This paper was illustrated witli lantern slides and was followed by a

discussion by Prof. Kemp, Dr. Kunz, Dr. Reeds, Dr. Earle and Mr.

Hawkins.

Prof. Kemp jnx'st'nted in hi'ief Hiiiiimary tlie paper by Alexis A. Julien

as follows: Conclusions in this paper are that magnesia, in hydrated-or
carbonated condition, and deweylite and sepiolite in colloid form, have

always been the only magnesian derivatives from laterite, with tendency
to early migration and transport, in virtue of their solubility.

Antigorite and talc, crystalline and never colloid, have merely served

as insoluble fixatives to harden and record the transformations of their

mobile and protean predecessors.

Chrysolite is but a pseudo-fibrous variety of antigorite in fact, a

pseudomorph in antigorite after a pseudomorph in deweylite after nemo-

lite, the fibrous form of brucite.

To the list of rock-making minerals, lu'iicite, deweylite and sepiolite

need to be added as important accessories.

This paper has been published as pages 23-38 of this volume.

Dr. R. B. Earle read a short paper by D. S. Martin as follows :

Some time ago I received from Mr. John H. Porter of Brooklyn, X. Y.,

a number of minerals from ISTelson County, Virginia, where he had been

engaged in prospecting and mining for some time. Among these were

several specimens of black tourmaline which presented some features that

to me were novel and peculiar. I asked Mr. Porter if he could obtain

any more examples of this form, and have recently received some from

him.

The specimens at first sight present simply the aspect of rather

weathered nodules of solid tourmaline the average size of hickor\^ nuts.

Many of them are irregular in form but all show a distinctly radiating
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structure. In tlie larger and more ehaiaeteristic specimens, the curious

combination appears of a radiated nodule with a distinct general crystal-

line form. The nodules are seen to be pyramidal in shape and sub-

triangular ill outline, expanding to a convex base or termination uliicli

shows distinctly in many cases not a mere sphciiral convexity but the

characteristic low rhombobedral termination so familial- in tounnaline

crystals. This peculiar com1)ination is unkiiown to me from any other

locality, and has seemed worthy of special notice. I presented a descrip-

tion with specimens before the New York Mineralogieal Club at its meet-

ing in November last, and now desire that it be laid before the Academy.
These crystalline nodules are single developments, not fragments from

spherical masses, as might at fii'st be supposed from their pyramidal

form; but the termination is entirely too convex for this supposition. 1

regret very much that T do not know exactly their mode of oceui-rence.

They are found loosely scattered through the soil and )ii-ol)al)ly come

from gneisses or mica schists at a greater depth, but no specimens have

reached me that show any portion of attached matrix. Professor "Watson,

the State Geologist of Virginia, inclines to the view that they are derived

from pegmatites; but he has not seen the specimens themselves and has

no positive evidence. Their mode of occurrence is one tliat is extremely

familiar in the south where the countr}^ rock is weathered and decom-

posed sometimes to great depths, forming the surface mantle of so-called

"southern drift,*' in which are distributed the harder jind moi'e resistant

minerals that have been liberated in the decay of the matrix.

Most of the specimens which 1 obtained from Mr. Porter have been

placed, together with all my other southern material, in tlie "Piedmont

Collection" of minerals of the South Atlantic states which 1 am engaged

in forming at the Charleston (S. C.) Museum; but T furnished Mr.

Gratacap of the American Museum at New York Avith a few characteristic

examples.

The precise locality of these specimens as given by ^Ir. Porter is Tye

Eiver, Nelson Count}^ Va.

This peculiar form, a radiating nodule, possessing also the triangular

contour and the rhombobedral termination of a tourmaline crystal is,

so far as I know, peculiar to this locality, and 1 have deemed it worthy
of special description.

The Section then adjourned.

P. B. Kaki.r.

Secretary pro tern.
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SECTION OF BIOLOGY

13 April, 1914

Section met at 8:15 p. m.. Professor Eaymond C. Osburn presiding.

The minutes of the last meeting of the Section were read and approved.
The following programme was then offered :

Symposium on Porto Eico

James F. Kemp, Geography axd Geology.

Charles Lane Poor, Oceanography.

Henry E. Crampton, Zoology (including results of expedition of De-

cember, 19 13-January, 1914).
N. L. Britton, Botaxy (including results of expedition of Janu-

arv'-Februar}^, 1914).

Summary of Papers

Dr. E. 0. Hovey outlined the plans for a Natural History Survey of

Porto Eico, which had been adopted by the Council of the Academy,
imder the leadership and with the patronage of President McMillin.

Professor Kemp summarized existing knowledge of the topography and

geology of Porto Eico and indicated the need for further field studies.

Professor Poor spoke of the strategic importance of the seas around

Porto Eico in certain oceanographic problems, such as the place of origin
and movements of the tides of the Atlantic and their relationships with

the tides of other ocean basins
;
and he urged the desirability of equipping

an oceanographic expedition for securing data bearing on such problems.
Professor Crampton described his recent journey in Porto Eico. In

the course of a general reconnaissance of the island in the month of De-

cember, 1913, he had covered some 1,500 miles, traversing the principal

physiographical and ecological areas, the characteristics of which he de-

scribed, and thus learning the places where detailed natural history sur-

veys could be most profitably undertaken.

Professor Britton spoke of liis recent visit to tlie island and illustrated

characteristic elements of the flora.

The Section then adjourned.

William K. Gregory,

Secretary.
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SECTIOiV OF ASTROXOMY, PHYSICS AND CHEMISTRY

20 April, lOl-t

Section was called to order at 8:15 p. m., Vice-President Charles Bas-

kerville presiding.

The minutes of the last meeting of the Section were read and approved.

The following programme was then offered :

Victor S. Meyers, Creatine and Creatinine.

Morris S. Fine, Uric Acid.

Summary of Papers

Professor Meyers 's paper has been published in "The Post-Graduate"

for June, 1914.

Dr. Fine 's paper has been published in "The Post-Graduate" for July,

1914.

A discussion by Drs. Howe and Smith and Professor Basker\illo fol-

lowed the presentation of the papers.

The Section then adjourned.

E. E. Smith,

Secretary.

SECTION OF ANTHROPOLOGY AND PSYCHOLOGY

27 April, 1914

Section met in conjunction with the New York Branch of the Ameri-

can Psychological Association at Columbia University, Professor R. S.

Woodworth presiding.

The following programme was offered:

Miss Estelle De Young, Is There Sick a Thing as General

Ingenuity ?

Garry C. Myers, A Study of Appetite.

Miss Edith F. Mulhall, Equivalence of Repetitions foi: Re-

call AND Recognition.

W. S. Monroe, Studies in Recognition.

Miss Laura Watson Benedict, A Study of Bagobo Ceremonials,

Magic and Myth. (Read by Title.)

Miss Mary Ross, Is There Such a Thing as General

Judicial Capacity?
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Miss Lillian Walton, Inmividiai. Diii-erpjxces in .TrniciAL

Capacity.

Max G. Schlapp, So]\[k ETioLfKiicAi. Factors of Men-
tal Deficiency.

H. A. Ruger, Si:.\ I)[KKi:uENCi:s ix the Solution

oE ^Iechanical Puzzles.

Summary of Papers

Miss De Young said: Various psychnlouists lia\e attempied to prove

the existence of definite relations between different mental abilities. The

problem suggested itself: Is there sucli a thing as general ingenuity?
Our definite purpose was to select tests having a common element, inge-

nuity; and to find whether in such a series ability to solve one problem

necessarily means ability to solve another.

By ingenuity we mean the use of judgment, logical thought, selection

from a mass of material suggested by the problem, and a skill and quick-

ness in manipulating and forming new combinations of possible means

for solution.

We presented nme problems to a group of 25 Barnard students. They
were in order: (1) a mathematical problem; (2) a test for forming
words from the letters in the word "psychiatry" for which five minutes

were allowed; (3) a test, which for convenience we called the "limerick,"

adding two lines of poetry to complete two lines presented; (4) ten syllo-

gisms to be marked either valid or invalid; (5) an original poem of from

four to six lines; (6) the absurdity test, or the marking of the absurd

sentences in a list; (7) directions; (8) mechanical puzzle, and (9) a

puzzle for which thirty minutes was the time limit.

For each individual the score for mathematics consisted of two col-

unms, the time and correctness or incorrectness of the solution ;
for test 2

the number of words formed
;
for tests 3 and 5, both the time and order

of merit of the poetry; for the syllogisms, the time and the per cent, of

correct judgments ; for the absurdity and directions the time and number

of errors ; for the mechanical puzzle only the time, and for the ingenuity,

either the time, or if not solved within thirty minutes, the failure.

In every single column the order of merit of the 25 subjects was deter-

mined. AYhere the test consisted of two columns, the order of merit of

each individual was averaged so that every test had only one column de-

termining the order of merit of the subject in that ability. The differ-

ences in merit for each individual were obtained by comparing each test

with every other test.
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The results were tlien obtained
l)_v averaging the figures in each of the

thirty-six columns and the correlations between the different abilities

found by the method of rank differences.

The correlations run as high as .788 for limerick and absurdity; .737

for limerick and directions, and decrease very gradually to three negative

correlations which are almost zero : name\y,
—.032 for words and me-

chanical puzzle;
—.062 for mathematics an3 ingenuity and —.1(50 for

mechanical and ingenuity.

The following arc the correlations of each test with the other eight

tests :

Limerick 629

Poem 575

Directions 525

Absurdity 499

Logic 493

Words 366

Matliematics 325

Ingenuity 285

Mechanical puzzle 210

The limerick and poem lead. Mathematics stands low in the scale as a

representative of ingenious capacity and probably involves a relatively

independent trait. The mechanical and ingenuity puzzles on account of

their concreteness are not so likely to correlate well with the other tests,

which involve mostly ideational processes.

Mr. Myers continued a study of appetite which was begun by one of

his pupils of Juniata College, Miss Margaret Baker. Her questionnaire

which she applied to 75 students Avas extended by the writer to other

subjects of college, normal school and high-school grade, making a total

of 483 subjects
—258 boys and 225 girls. From the twenty foremost likes

and the twenty leading dislikes secured by the questionnaire the names

of forty things to eat were printed on slips of paper, shuffled, and pre-

sented to each of fifty men and fifty women who were asked to rank the

forty things in the order in which they were liked, and to indicate, in

case any were disliked, where the dislikes began. Three weeks after the

first test the same subjects were surprised by the request to arrange again

the items in the order in which they were liked after the manner of the

first test.

With 25 of the items another random list was selected and with it 50

boys and 50 girls of the high school and the same number of boys and

girls in the grammar schools of Tyrone, Pennsylvania, were tested. As

with the college students, a second record after three weeks was obtained.

Only a part of the results of the college subjects were reported. It wa&
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found, on the whole, that the results of these tests followed the general

order of preference indicated by the results of the questionnaire. Notice-

able sex differences obtained in the order of preferences. For example,

eggs, which stood first with the men was ranked by the women as sixth
;

milk stood fourth with the men and twenty-second with the women ;

salads, twenty-second with the men and fifth with the women; cucum-

bers, thirty-sixth (fourth from the last) with the men and nineteenth by
the women.

The correlation between the median performance of the first and second

tests was .96 (Spearman's footrule). The average P.E. of the first per-

formance (average for all items) was 6.50; for the second 7.04.

The individual correlations or indices of consistency ranged from .96

to —.05 with a median at .84 (P.E. 8.00). The second lowest, however,

was .39 and third .51. The subjects were most consistent in the arrange-

ment of their foremost likes (first five). For the last five the arrange-

ment was likewise more consistent than for the average, but not so con-

sistent as for the first five.

The median number of items disliked by 50 men was for the first test

7.70 (P.E. 2.79) and for the second test 9.00 (P.E. 4.00). By the 50

girls the corresponding figures were 8.50 (P.E. 3.07) and 8.83 (P.E.

2.83).

]\riss Mulhall said: The present investigation was to study the e<iuiva-

lence of rej^etitions for recall and recognition for four materials, pictures

of objects, geometrical forms, words, and nonsense syllables. Each sub-

ject was shown 15 words successively at intervals of two seconds each and

then required to reproduce those he remembered in three minutes. The

subject was then given a set of 30, containing the original 15 words,

from which he was to select 15 which he thought were previously pre-

sented. The first set of 15 words was shown again as before, and then the

subject requested to recall those he could and select 15 from the 30 set.

This Avas continued until he had recognized and recalled all of the 15

words correctly. The experiment was repeated for the three other ma-

terials (forms, syllables and pictures).

The results show that the difference between recall and recognition is

greatest for pictures, somewhat less for forms and words and least for

nonsense syllables. In examining the material one finds the pictures

offer the greatest richness of associations. The forms, too, can be visual-

ized and in several cases named ; the words, which were all nouns, have

some associations, but lack a form or picture element. The syllal)les, as

their name implies, were nonsense, most, if not all, of wliich were devoid

of any association.
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The individual differences shown by the subjects are rather interesting.

The ratio of the greatest number oT repetitions to the least number in-

creases as we pass from the pictures to the forms, words and finally to the

syllables for recognition and for recall with the exception of sylla1)les.

From the experiment it may be concluded that the difference between

recall and recognition varies with tbe material to be remembered. The

greater the wealth of association offered by the material the greater the

difference between recall and recognition. It is suggestive, at least, that

individual differences, especially in recognition, are least when the ma-

terial is rich with associations and increase as the material has fewer

associations.

One of the practical applications is in the selection of trade-marks.

To be successful a trade-mark should be easily recalled and recognized.

Arbitrary combinations of letters, like the nonsense syllable, must be pre-

sented many more times than pictures or forms, and yet we find the busi-

ness firms are continually using nonsense material as trade-marks.

^liss Ross said : Judging in general is a thing about which we all

speak with much assurance. In fact, we hardly ever pick up a paper

without seeing an advertisement for a person of "good judgment." How-

ever, if we should turn to psychology to see what the psychologists have

said about a general capacity of judgment we should find practically

nothing. James is the only one who has much to say on the subject and

his words are little more than a suggestion for further investigation. It

was to determine if there is any general judicial capacity and to find if

there is any correlation between different kinds of judgments that this

experiment was performed.

The material was of six kinds, involving judgments of art, rhythm.,

tact, punishments, expenditure of salary and an ethical judgment. The

results proved that we had a social group of subjects, as the highest ratio

was 65 per cent., and the lowest 32 per cent., carrying out the two-to-one

ratio which usually characterizes a social group.

The individual percentages were obtained by having the subjects ar-

range the material by the order of merit method. Then we obtained the

average order of tiie group and used tliis as a standard. "We correlated

the arrangement of each individual with the standard arrangement, and

the resulting per cent, shows the degree to which tlie individual is corre-

lated with the group.

When we had secured these results, we correlated the results of the

different groups and found that there is no relation between them. The

average of the correlation is —.09. That is, if a person, for instance, is

a good judge of rhythm, we might expect him to be an equally good
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judge of tact, but the chances of this being true are negative. It is the

same in any two things you choose ; the correlation is practically zero.

Thus we may conclude that, whereas certain persons are endowed with

better judgment than others, there is nothing that can be pigeon-holed as

general judicial capacity, and the fact that a person is good in different

kinds of judgment is due to chance only, not to any intercausal relation.

There is no correlation whatsoever between the different types of judg-

ment. The highest per cent, obtained by any one in the judgment of

ethics was 93 per cent., yet that same person was —.28 per cent, in

artistic judgment; so we can safely say that there is no general judicial

capacity, nor is there any correlation between the different kinds of judg-

ment.

Miss Walton said: The material for this experiment consisted of a

series of fifteen possible reactions to a given stimulus. These were type-

written on strips of cardboard of approximately uniform size. Tlie sub-

jects were instructed to arrange the material in order of merit with regard

to their rhythmical, ethical, practical, tactful, or artistic value.

The material for rhythmical judgment consisted of short stanzas,

selected from various poets, ranging from Milton to Kipling; that for

artistic judgment of small reprints from various celebrated artists. The

practical judgments included a series of budgets prepared for the ex-

penditure of a school-teacher's salary, and a list of punishments for the

trivial offenses of a small child.

From the arrangements made by the twenty-five subjects, we estimated

the average order. Then we determined the degree of correlation be-

tween the average and the individual orders.

From these statistics, we found that, in the subjects studied there is

a greater agreement in ethical judgment than in any other kind. The

judgment of art proved to be the poorest, the average correlation with

the average judgment being -f-.68 and +.41, respectively. Next in order

to the ethical judgment came the judgment of budgets Math an average

of +.63.

Arranged in numerical order, the averages for the various judgments
were: etliical, .68; practical (budgets), .63; tact, .68; practical (punish-

ments), .48; rhythmical, .42; artistic, .41.

This would seem to suggest that people, in general, judge most nearly

alike on matters which are of general interest and differ most on matters

which are purely personal.

The individuals in the group differed greatly among themselves. In

the average for the various materials, they ranged from 36 per cent,

correlation with the average to 16 per cent.
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We found uo sex differences among our subjects. Siiiee there were

only five men and twenty women, our results can only be suggestive, but,

in this investigation, the women differed more among themselves than

they did from the men. For example, a group of five women school-

teachers dillVi-ed more from a group of five women students than the

whole gruu|) of women, or any separate group of them, differed from

the men.

It was also interesting to note that the group of five women school-

teachers had a very much higher correlation with the gi'oup, as a whole,

on the subject of the practicability of the budgets prepared for a school-

teacher's salary than the rest of the group.

Another point suggested by this experiment is tlie fact that individuals

whose average correlation differed witliin a very small range had a very

much higher general average than those individuals wdio differed over a

very wide range.

Another interesting fact was that those individuals who liad the lowest

correlation for the judgment of punishments were, in almost every case,

people who had had no experience in punishing.

We also found that those individuals who had the highest average were,

approximately, the oldest people in the group, whereas those who had the

lowest average were about the youngest. These facts suggest that judg-
ment is a matter of practice.

The facts, as here presented, seem to suggest a negative correlation

between practical and artistic judgment.
Professor Ruger : A series of fifteen puzzles, fourteen of which formed

a related series involving the same ])rinciple, but with increasing com-

plexities, was given to 55 students (30 women and 25 men) in the me-

chanical drawing classes of Teachers College, and to 23 students (15
women aiid 8 men) taking an advanced course in mathematics. Thirty
minutes were allowed for the test. On the present method of scoring,

each puzzle was counted as having a value of 1. As a matter of fact the

later numbers were nmre difficult than the earlier. Weighting the later

members Avould probably enhance the differences to be stated. In the

group of 55 students 6 2/3 per cent, of the women reached the rank of

the median man. In the case of the mathematics group 20 per cent, of

tlie women reached the rank of the median man.

A single puzzle was tried willi three other groups of students, chiefiy

m elementar}- and secondary education. In group .1, 5 men and 21

women, 29 per cent, of the Momen I'eached or exceeded the position of

the median man. In group B, S men and 22 women, 9 per cent, of the

M'omen reached the i)osition of the median man. In group C. 6 men and
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25 women, 33 per cent, of tlie women reached the position of the median

man. Group A learned the puzzle after being given the theory for it;

group B unaided, and group C by imitation. What part of the actual

difference is a true sex difference is not determined.

The Section then adjourned. IJojiKur Tl. Lowie,

Secretary.

BUSINESS MEETING

4 Mat. 1914

The Academy met at 8:17 p. m. at the American Museum of Natural

History, President George F. Kunz presiding.

The minutes of the last business meeting were read and approved.

The following candidate for active membership in the Academy, recom-

mended by Council, was duly elected:

James Loring Arnold, New York University.

The Eecording Secretary reported the following deaths :

Charles J. Perry, Active ^Ieni])er of the Academy since 1905, died

13 July, 1913,

Karl Hutter, Life Member of the Academy since 1910, died 14

June, 1913.

The Academy then adjourned. Edmuxd Otis Hovey,

Recording Secretary.

SECTION OF GEOLOGY AND MINERALOGY

4 May, 1914

Section was called to order by Mce-Presideut C. P. Berkey. In the

absence of the Secretary, Professor D. W. Johnson was appointed secre-

tary p'o tern. The meeting was favored with the presence of the State

Paleontologist, Dr. Jolm M. Clarke. About 40 members and visitors

were in attendance.

Dr. George F. Kunz reported briefly upon the nature of a large col-

lection of diamonds from the Transvaal which he had recently examined.

The Section then proceeded to the regular programme of the evening

as follows:

Frit? Berckhemmer, On the OccrnRKxci': of C\i.cai!kop>

Alg^ in the Paleozoic Eocks of

North America.
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Francis M. Van Tiiyl and

Fritz Berckhemmer, A IMioklematic Fossil fiiom the Cats-

kill Formation.

Francis M. Van Tuyl, 'I'm: Mottled Ti;ii;i:s 11 hi. Limestone

and its Bearing on tiih Origin of

Dolomite^
A, W. Grabau, Tiik Black SiTale Puoblhm: a Study in

Paleozoic Geography.
'»

Summary of Papers

Dr. Berckhemmer sliowed bv meaii.'^ of lantern slides the presence of

the genus Sphwrocodiuni in Ordovicic rocks of this country, a matter of

unusual interest because it constitutes the earliest known occurrence of

this genus. A new species of calcareous algae from the Upper Ordovicic

was described, and pictures of the first known lime-precipitating algae

from the North American Siluric were exhibited.

The paper was discussed by Dr. .'. M. Clarke and Dr. E. 0. Hovey.
]\rr. Van Tuyl read his joint pa])ei- with Dr. Berckhemmer. He de-

scribed and discussed a fossil of uncertain affinities, collected from the

Catskill beds at Henrysville, Pennsylvania. The authors concluded that

the form could not safely be referred to any known groups of organisms.

Dr. Clarke and Professor Grabau discussed the ])aper briefly.

Mr. Van Tuyl, in his paper on limestone, showed that the mottled

structure of this limestone was due to the presence of irregular patches

of yellowish, coarse-grained dolomite, which stand oiit in relief on wea-

thered surfaces. The dolomitization proceeded either in an irregular

and imperfect manner by alteration along stratification lines or in dis-

connected patches; or in a more regular manner along definite lines

which appear to represent worm castings. In both types of alteration,

certain layers of the limestone have locally been completely changed to

<lolomite. It was concluded that the mettled limestone represented an

incomplete stage in the process of dolomitization, and that the alteration

had taken place at the time of, or very shortly after, deposition.

The paper was discussed by Dr. Clarke and Professor Berkey.

Di-. Grabau indicated, with the aid of maps and diagrams, jirobable

physiographic conditions which existed when the black shale was de-

posited. Various theories which have been proposed to explain this for-

mation were briefly outlined and criticized. The author concluded that

ihe shale represented fine black soil of a low-lying peneplain which was

in part washed into the sea by rivers, and in part reworked by waves and

currents as the sea transgressed the land. In the northern sections the
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shale is believed to be of Devonic age, while farther south it is Missis-

sippic.

Dr. Clarke briefly indicated a number of points on which he disagreed

with the author's conclusions. The paper was further discussed by Mr.

F. W. James.

The Section then adjourned. D. W. Johnson,

Secretary pro tern.

SECTION OF BIOLOGY

11 May, 1914

Section met at 8:15 p. m.. Professor Eaymond C. Osburn presiding.

The minutes of the last meeting of the Section were read and approved.

The following programme Avas then offered :

H. von W. Schulte, Eakly Stages in the Development of the
Brain in the Domestic Cat.

Frederick Tilney, The ^foKPiroLooY of the Floor of the Third

Ventricle in Craniates.

0. S. Strong, The Theory of Nerve Components.

Summary of Papers

Professor Schulte discussed the very early and hitlierto little known

stages in the development of the brain in the domestic cat in their bear-

ing on the problem of the primary encephalic segments of the mammalian
brain. This paper has been published as pages 319-346 of this volume.

Dr. Tilney, by means of a series of cross-sections and reconstructions

of the region of the hypophysis in typical vertebrates, endeavored to trace

the homologies of the diversely modified parts throughout the vertebrate

series. (Partly published in "Internat. Mouatsschrift fiir Anat. und

Physiol." Bd. XXX, 1913.)

Dr. Strong traced the history of his subject especially in relation to

the work of the "American school" of neurologists. He discussed the

morphological classification of nerves and nerve components, spoke of

the technique of tracing nerve components in complex bundles and out-

lined the broader conclusions relating to the several homologies of the

cranial nerves in fishes on the one hand and in terrestrial vertebrates on

the other.

After remarks by Professor Huntington and others the Section ad-

journed.

William K. Gregory.

Secretary.
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SECTION OF ASTEONOMY, PHYSICS AND CHEMISTRY

18 May, 1914

Section was called to order at 8 :15 p. m., Vice-President Charles

Baskerville presiding.

The minutes of the last meeting of the Section were read and approved.
The following programme was then offered:

D. D. Van Slyke, The Mechanism of Enzyme Action.

Victor E. Levine, Biocttemtcal Sti^dtes of Selenium.

SUMMAEY OF PaPER

Dr. Levine said in abstract: Experiments were reported relating to

the reduction of selenium compounds of chemical substances of biologic

significance, by micro-organisms, by plant and by animal tissues. Toxi-

cological and pharmacological effects were also studied, as well as the

effect on germination and growth of plants, the effect on enzyme activity

and the effect on the precipitation of proteins. The compounds employed
were selenium dioxide (selenious acid), sodium hydrogen selenite, normal

sodium selenite, selenic acid, sodium selenate, potassium selenocyanate.

A discussion took place after the presentation of the papers.

The Section then adjourned.
E. E. Smith,

Secretary.

BUSINESS MEETING

5 October, 1914

The Academy met at 8:19 p. m. at the American Museum of Natural

History, President George F. Kunz presiding.

The minutes of the last business meeting were read and approved.

The following candidate for Associate Membership in the Academy,
recommended by Council, was duly elected :

Warren S. Smith, Columbia University.

The Recording Secretary reported the following deaths :

Heinrich Rosenbusch, Honorary Member since 1887, died 20 Janu-

ary, 1914,

Seth Eugene Meek, Correspondent since 1888, died 6 July 1914,

A. S. Bickmore, Fellow and Active Member since 1873, died 13 Au-

gust, 1914,
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Samuel H. Bishop, Active Member since 1907, died 30 May, 1914,

J. Langeloth, Active Member since 1905, died 14 August, 1914.

Dr. Kunz presented a note regarding the long period of dry weather in

eastern North America, an abstract of which is as follows :

Eealizing that we have had no rain since the first of August, except a

few showers, a possible solution presents itself. We all know that it is

believed that the bursting of high explosives precipitates moisture; the

evening of the Fourth of July, when fireworks are used, generally ends

in a shower. We know, furthermore, that all northern Europe has re-

cently suffered intensely from rains of unusual severity, causing loss of

life and difficulty in transporting heavy artillery, and that these atmos-

pheric conditions have followed the bursting of innumerable shells over

a wide range of territory in this region.

Is it possible that the absence of equinoctial storms in this country may
be indirectly the result of the constant and prolonged use of explosives

in the war in Europe? Through the courtesy of Mr. Spur, Director of

the New York office of the Weather Bureau, it is shown that this is one

of the greatest droughts that we have ever experienced. This would seem

to indicate that such a condition as actually obtains in northern Europe
influences not only its own immediate vicinity, but territory a great dis-

tance away. The well-known tendency of natural forces to maintain an

average might be the factor producing this startling inequality in the

rainfall.

The Academy then adjourned. Edmund Otis Hovey,

Recording Secretary.

SECTION OF GEOLOGY AND MINEEALOGY

5 October, 1914

The Section was called to order at 8:15 p. m., Vice-President C. P.

Berkey presiding.

There being no business to transact, the following scientific programme
was offered :

Douglas W. Johnson, 'J'opograimmc Fi:-\Tri;i;s of We.stekx Kl'kope

AND THEIR INFLUENCE ON THE CAMPAIGN

AGAINST France.

Summary of Paper

Professor Johnson described the salient features of geological struc-

ture west of the Ehine and explained the influence of this structure upon
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surface topography. Special attention was given to the Ehine graben
and the strong cojitrast between the steep eastern and gentle western

slope of the Vosges ;
the maturely d issected peneplane of western Germany

and the Ardennes trenched bv the incised nieaiKlerinf]: vallevs of the

Rhine, Moselle aiid Meuse ; the concentric cuestas northeast and east of

Paris, with their steep escarpments facing toward the Germans; and the

comparatively level plains of central and northwestern Belgium.
The topography of western Europe limited the Germans to four prin-

cipal routes of invasion: (1) from Strassburg in the Rhine Valley over

the Vosges or via the Belfort Gateway into France, and then over the

successive cuesta scarps to Paris; {2} from Coblentz via the Moselle Val-

ley route and Luxemburg into France, and then across the remaining
cuesta scarps to Paris; (3) from Cologne via the Meuse Valley route

through the Ardennes in Belgium to France, thus encountering a still

smaller number of the cuesta scarps; and (4) from Cologne and Aix-la-

Chapelle across the plains of Belgium through Brussels and Mons to

northern France, and thence via Cambria and St. Quentin to Paris. This

route (385 km.) is 50 per cent, longer from German territory to Paris

than is the one most feasible (Moselle Valley route, with distance 260

km. from German border to Paris, air line), but is topographically the

most favorable, although the choice involved longer lines of communica-

tion, the violation of Belgian neutrality and the possibility of war -with

Great Britain. Germany preferred that route whose topography most

favored the rapid advance of great armies and heavy artillery in the face

of an enemy.
The influence of topographic details upon maneuvers at different

points of the battle lines was discussed, the strategic value of water gaps

and wind gaps, marshes due to river capture, and cuesta scarps being

especially evident in the battles of the Marne and Aisne.

The paper was illustrated with maps, charts and lantern slides.

The Section then adjourned.
A. B. Pacini,

Secretary.

SECTION OF BIOLOGY

12 OCTOHKII, 1U14

Section met at 8:15 p. m.. Professor Raymond C. Osburn presiding.

The minutes of the last meeting of the Section were read and approved.

The following programme was then offered :

W. D. Matthew, New Discoveries in the Lower Eocene Mammals.

W.K.Gregory, An American Eocene Lemur {Notharctus Leidy).
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Summary of Papers

Di-. Matthew ^aid in aljstract: The many hundreds of mammalian

fossils secured by the American Museum expeditions to the Lower Eo-

cene of AVyoming and New Mexico, under Mr. AValter Granger, included

material which had led to the following conclusions: (1) the Armadillo

group, already known from Metacheiromys of the Middle Eocene, was

also represented by aberrant genera in the Lower Eocene; (2) Hyopso-

dus, classed by earlier authors as a Primate and later as an Insectivore,

proved to be a very primitive member of the Condylarthra ; (3) certain

upper and lower teeth bore a marked resemblance to those of the existing

Galeopith ecus, and may indicate the presence of the Dermoptera in the

North American Lower Eocene; (4) a fragmentary jaw bore lower molars

that are remarkably similar to those of certain extinct Patagonian genera

allied to the Homalotheres. The faunistic bearing of these discoveries

was discussed.

Di-. Gregory reviewed the systematic history of the family Xotliarc-

tidae, and illustrated some of the fossil and recent material which had led

him to the following conclusions :

1) That the American Notharctidse and the European Adapidae are

so closely related that they may well be regarded as belonging in a single

familj^, the Adapidae; including two subfamilies, the AdapinaB and the

Notharctinge. These diverged from each other at an early date, perhaps

before the Middle Eocene, and followed different lines of evolution in

Europe and in America. The family Adapidge may be defined as follows :

Dental formula I^ cj P^ m|
2 1 b o

Incisors with cutting edges and spatulate crowns. Canines caniniform

not incisiform. Lacrymal not extended on face. Lacrymal foramen

marginal. High sagittal and lambdoidal crests. Brain-case not much

expanded. General architecture of skull substantially as in Tjemurids,

including mode of formation of auditory bullse, position of tympanic

annulus, course of internal carotid artery and position of all other fo-

ramina.

2) That the Notharctine division of the Adapidae is also rather closely

related to the stem of the existing Lemuridae.

3) That the remote ancestors of all the higher Primates, especially

the New World monkeys, went through a stage of evolution which is

nearly represented by the more primitive members of the Notharctinae,

such as Pelycodus frughwrus : but that there are no known types which
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actually bridge over the great structural gap between the higher Primates

as a whole and the Notharctinae.

The Section then adjourned. William K. Gregory,

Secretary.

SECTION OF ASTRONOMY, THYSICS AND CHEMISTRY

19 OCTOBKK, 1!)14

Section was called to order at 8: IT) i'. m.^ Vice-President Charles Bas-

kerville presiding.

The evening was devoted to the following lecture :

C. E. Ferree, Tiiic Ekkjciency of tiik >h'E i^ixder Different Condi-

tions OF Lighting.

Summary of Papeii

Professor Ferree 's coiniuunication gave tlie results of extensive ex-

perimentation in the illumination of lecture halls, recitation rooms,

laboratories, etc.

A discussion of the paper followed.

The Section then adjourned. E. E. Smith^

Secretary.

SECTION OF ANTHROPOLOGY AND PSY^CHOLOGY

26 October, 1914

Section met at 8:15 p. m.. Professor Franz Boas presiding. The min-

utes of the last meeting of the Section were read and approved.

The following programme was then offered:

A. A. Goldenweiser, OuiciNts of Clans among the Iroquois.

Alanson Skinner, Social and Ceremonial Organizations and So-

cieties OF the Iowa Indians.

Robert H. Lowie, 'J\iif Cui/rui;AL Rim.atioxs of tiiio Northfrn

Paiute.

Summary of Papers

Dr. Goldenweiser said: Tlio ]n-oblem of clan origins lias for years at-

tracted the attention of ethnologists. The common assumption made

about the origin of clans is that they have sprung from an original social
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group through subdivision, the primal group often developing into a

phratry.

Eesearches among the Iroquois of western ISTew York and eastern

Canada revealed three types of clan origins.

Type I. Origin by subdivision. This is seen in the common phencnii-

enon of two clans bearing the name of the same animal but distinguished

by an adjective. Here it was possible to prove that such clans originally

constituted one clan, for they still preserve the same set of individual

names.

Type II. Origin by fusion. A number of instances have come to light

in which a Delaware and a Tuscarora clan of the same name, or an

Oneida and a Tuscarora clan of the same name, have fused into one clan.

Type III. Origin from a maternal family. In one instance at least

it can be shown that a maternal family consisting of individuals of one

direct line of maternal descent, has developed into a clan distinguished

as White Bear, whereas the otlier individuals of what was originally the

same clan, are known as Black Bears or Bears.

It will be noted that in origins of types I and II conditions of locality

and population must have been determining factors. There are reasons

to believe, however, that not one of the above three types of origin rep-

resents the origin of clans which was most common in the history of

society. I refer to the origin of clans from local groups which develop

social solidarity through the exercise of common functions and inter-

marry, producing the local distribution of indi'^ddual clans so character-

istic of communities having clan or gentile systems. We may designate

this type of origin, which has not so far been demonstrated by sufficient

concrete data, as type IV. Conditions on the ISToi-thwest Coast make it

all but certain that such was the predominant origin of clans in that area.

However that may be, the above instances, excepting type III, make
it clear that the growth and depletion of a population on the one hand,

and occupation of the same locality on the other, must have been all

important factors in the history of clan origins.

^f r. Skinner said : The Iowa are divided into seven exogamic gentes,

each of which is made up of four subgentes. Chieftainship is hereditary

in the royal family of each subgens. The tribal chief is the chief of the

Buffalo gens during spring and summer, and of the Bear gens during
winter. On the march or hunt a chief is elected each night, his office

expiring the following evening. In addition to the gentile system the

tribe has three classes or castes: royalt}-, nobility, and commoners, which

tend to be endogamous.
The societies and dances of the Iowa are of four types: military, social,
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ancient, and modern mystery dances. Many of these are typical Plains

military societies with the no-flight rite and crooked spear regalia, etc.

The Helucka dance is important. Of mystery and animal dances the

Buffalo dance and Medicine dance take first rank. The latter is a form

of the Algonkin Midewin. Of modern societies and cults the Ghost

Keligion and Peyote ritual are foremost. , The Peyote cult is rapidly

doing away with all ancient customs.

Dr. Lowie explained that the Northern Paiute (Paviotso), who claim

linguistic relation with the Bannock, had heen in recent contact with the

Shoshone on the east, and Washo and Pitt Eiver Indians on the west,

the latter figuring in tradition as their foremost enemies. Culturally,

the Northern Paiute display interesting relations with hoth the Cali-

fornian Indians and the Lemhi Shoshone. Some of their tales are espe-

cially suggestive of important Lemhi myths. On the other hand, the

economic life, with its very extensive dependence on seeds, the high de-

velopment of l)asketry, the use of the halsa, and other traits indicate a

cultural connection with California.

The Section then adjourned. Egbert H. Lowik.

Secreiary.

BUSIJS^ESS MEETI^^G

2 IS'OVEMBER. 1914

The Academy met at 5 :05 p. m. at the American Museum of N'atural

History, President George F. Kunz presiding.

The minutes of the last business meeting were read and approved.

The following candidates for membership in the Academy, recom-

mended hy Council, were duly elected :

Active Membership

Milo Hellman, 40 East -tlst Street.

Associate Membership

Samuel H. Knight, Dept. Geology, Columbia Univ.

The Eecording Secretary reported the following death :

F. F. Hahn, Associate Member since 1912, in one of the German

attacks on Nancy, France.

The Academy then adjourned. Edmund Otis Hovey,

Recording Secretary.
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SECTIOX OF GEOLOGY AND MTXEKALOGY

2 November, 1914

Section met at 8:15 p. m., Vice-President C. P. Berkey presiding.

No business was transacted, and the evening was devoted to the fol-

lowing lecture :

Reginald A. Daly, Puom.inrs of Yolcaxtc Actiox.

Summary of Paper

Professor Daly said in abstract : To understand tlie constitution of the

earth it is necessary to know the mechanism of its volcanoes. Progress

in completing that knowledge depends on the making of rigorous dis-

tinction between the essential and the subsidiary questions regarding

volcanic activity. Among the essential questions are : WTiat is the first

step in volcanism ? How is a volcanic vent opened ? How is its activity

continued? Why is that activity intermittent? Why are some vents

arranged in lines while others are grouped in clusters? "What are the

causes of volcanic explosions, of lava outflow, and of variations in the

character of lavas? The measure of contemporary success in solving

these problems was considered.

After the lecture a collation was served in the Eskimo Hall. A re-

ception to Professor Daly followed, and the Section then adjourned.

A. B. Pacini,

Secretary.

SECTION OF BIOLOGY

9 November, 1914

Section met at 8 :15 p. m.. Professor Eaymond C. Oslnirn presiding.

The minutes of the last meeting of the Section were read and approved.
The following nomination for the year 1915 was made and approved

for transmission to the Council :

For A^ice-President of the Academy and Chairman of the Section:

Professor Eaymond C. Osburn.

Dr. W. K. Gregorv was elected Secretarv for the vear 1915.

The following programme was then offered :

George T. Stevens, Some Elementary Forms an^d Phenomena in

THE Evolution of Visual Perception.

W. K. Gregory, Observations on the Tndrisin.i-: ano (^ther

Lemurs.
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. SUMMAKY OF PAPERS

T)r. Stevens stimiiravized the results of his microscopic studies under

the followijio- topics, which were illustrated hy enlarjred drawings:

(1) Under the influence of lisht tlie most simple forms of plant life behave
much as do the most elementary forms of iinimal life.

(2) Plants of a single cell move about as thbu^Mi controlled by will power,
seek or avoid the stimulus of luminoiis waves.

(3) There is a gradual evolution of what we call visual sense, from the most
elemental impression to the complete perception of form, size and color

of objects.

(4) Primitive visual organs in leaves of certain plants.

(5) Illustrations of the influence of luminous waves shown by various plants
and animals rising gradually in the scale of organism.

(6) Specialization of locations and organs for sensibility to luminous impres-

sions.

(7) Visual organs in more advanced forms.

(8) Nature of sense of perception of foim.

Dr. Gregory illustrated the osteology of the principal recent and ex-

tinct members of the Indrisin^, a group of herbivorous Malagasy Pri-

mates, showing that in the more deep-seated characters of the skull and

limbs the Indrisinae are true Lemurs, and that structurally they represent

a specialized herbivorous modification of the primitive Eocene lemur type.

The Section then adjourned.

William K. Gregory,

Secreta7-y.

SECTION OF ASTEONOMY, PHYSICS AND CHEMISTRY

16 November, 1914

Section was called to order at 8:15 p. m., \"ice-President Charles-

Baskerville in the chair.

The minutes of the last meeting of the Section were read and approved.

The nomination of officers for 1915 was referred to the Council.

The scientific programme of the evening consisted of the following^

titles :

James Kendall, Toxization Eqttilibrtuim.

Reinhard A.Wetzel, Titk Stark Effect or Electric EESoi.UTinv of

the Spectra of the Elements.

Summary of Paper

Mr. Kendall said in abstract: The diverfjences from the dilution law^

exhibited by acids in aqueous solution have been critically investigated.
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The increase in the dissociation constant when the ionic concentration

is large is found to be represented quantitatively by the equation:

yV(I— y) . f= A: -)- c (I
—

y)/y- This empirical formula is applica-

ble to acids of all strengths.

The decrease in the dissociation constant wlien the total concentration

is large is found to disappear under the assumption that ionization is

not spontaneous, but induced by the solvent. The legitimacy of this

assumption has lieen discussed, and the experimental data shown to be

in its support. The dissociating power of the solvent is ascribed to its

unsaturated character, i. e., to the presence of free valences.

A discussion followed.

The Section then adjourned. E. E. Smith,

Secretary.

SECTION OF AiSTTHEOPOLOGY AND PSYCHOLOGY

23 November, 1914

Section met in conjunction with the New York Branch of the Ameri-

can Psychological Association at Columbia University, Professor E. S.

Woodworth presiding.

The following nomination for Vice-President of the Academy and

Chairman of the Section was approved for transmission to the Council:

Dr. Clark Wissler, American Museum of Natural History.

Dr. Eobert H. Lowie was elected Secretar}- of the Section for the year
1915.

The following scientific programme was then offered:

Wayne P. Smith, Some Aspects of Emotional Reactions.

Garry C. Myers, Motor-Emotional Expression of an Infant.

H. L. Hollingworth, The Logic, of Intermediate Steps.

Richard H. Paynter, Experiment vs. Court Decision.

C. Homer Bean, Demonstration of Psychological ArPAUATrs.

Summary of Papers

Mr. Smith :

Importance of Emotion.—Psychological study is beginning to confirm

common observation as to the significance of the feelings and emotions in

behavior. Educational practice has been in advance of educational the-

ory ; for it has sought to utilize feelings and emotions in development of

sane and efficient social workers. It has recognized that things that

affect or evoke emotional reaction and tend to ffet more immediate motor
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response, commaml more Lliurough con.sideration ami interpivtalion than

do those without this ''appeal" or emotional character. From feeling as

tlie elemental evaluation of things for life springs inquisitiveness, or the

whole knowledge process. The chief function oi" knowledge seems to be

to clarify, that is, to emphasize and unify in ;i hirger perspective, the

values of things to which response is to be^n1ade.

Conditions of Emotional Reaction.—Emotivity depends first upon the

nature of the individual as determined by race, sex, age, environment,

and disposition; second, on the state of the individual as determined by

fatigue, health, inertia, and the functioning of certain organs, especially

the cerebral cortex, the skin, certain sense organs and the alimentary

canal, sexual organs, certain "ductless'^ glands, the circulatory and in a

possibly less degree the respiratory system ; third, by certain psychic con-

ditions as attitude, interest, preoccupation, suggestibility, psychical

habits of relatively dependable character in presence of certain emotive

stimuli, and finally the interpretation of the situation. All the condi-

tions that contribute to euphoria and dysphoria are involved likewise in

the emotional reactions of an individual.

In a more specific way emotional reaction depends upon the kind and

degree of organization of an individual. This varies from one pole to

the opposite. One extreme type is almost chaotic, incoherent, impulsive

and explosive, indiscriminately responsive to all sorts of stimuli. The

other extreme is highly centralized, exclusively narrow, mono-ideistic or

idee fixe in character. In the latter class all vital tendencies and inter-

ests are dominated through repression, or perversion, by a single zone

which has a hair-trigger responsiveness to suitable emotional stimulation.

Outside this zone such an individual shows apathy, a kind of poise, and

a comprehensive "nil admirari" attitude. Variations of this typo may.
be found not only in industrial fields where occupation and circumstance

may be responsible, but also in such fields as religion, art, morality, ovon

science and philosophy. Organization tends to establish almost insu])er-

able psychic barriers against all stimuli external to the pavtic\dar zone of

interest.

Emotivity are also determined by degree of "intellectual control," and

this is not to be confused with "organization" just cited. In those in

whom intellectual control is most highly developed, nil emotive excita-

tions are taken as ]>roblems of knowledge. Even "shocks" are effectually

dealt with by a system of psychic defenses and controls. A standard of

"emotionless" behavior may obtain. There are of course many varia-

tions from the extreme. A general statement may be made that "emo-

tivitv varies inverselv as intellectual control."
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Function of Emotional Reaction.—Psychological research shows that

emotional reactions have a valuable positive as well as an apparently

negative function. They are more important than to serve merely as

symptoms or psychic effects of sensory and motor excitation. They have

a causative function as recent investigation shows. The fimction may
be summarized as follows:

1). Emotions of the more intense kind signalize the compresence of

several motor tendencies which evoked by the perception of the situation

are incoordinate, mutually conflicting and inhibitory in their struggle

for expression. They are moreover inhibitory of immediate overt ac-

tion, in very large measure at all events, by the organism. Such imme-

diate emotive responses as usually occur may be means of protection or

communication or mere vestiges of acts that have survived the period of

their utility. Among these acts may be mentioned convulsive move-

ments, "freezing," cries or growls, trembling, facial contortions and flush-

ing or pallor of face, hair standing on end, parched mouth and throat,

and so on; many more or less prophylactic or communicative, but some

certainly belonging to levels of behavior not adapted to the present.

2). Emotional reactions make possible and necessary novel and more

satisfactory mode of behavior. Momentary inhibition of gross organic

response by emotion allows a rapid survey of the situation and incited

motor tendencies, both old and new, and a selective organization of these

tendencies into a fit plan of action. This clarification of the situation as

a whole is accompanied by a gradual subsidence of intense emotion into

a vigorous emotional tinge that reinforces and "moves" the whole organ-

ism to action. The outcome of the plan reflexly qualifies the remem-

bered experience as "emotional meaning"" which is utilized in future ex-

perience.

3). Emotion not only reinforces and gives ultimate directness and

quickness to the plan of behavioi- adopted ; but it also sets free energy

and makes it available for immediate consimiption. Old accounts say

that emotion animates and invigorates with the heat and flush of swiftly-

flowing blood, "anger sweetens the blood," reveals a sense of new and

greater powers and a faith and zeal that carry one to successful issue.

Experimental researches support this popular idea. See among othere

the accounts of physiological expei'imentation of Benedict and Oathcart,

F. S. Locke, Vincent, Sherrington, Schafer, Bickel, Bickel and Sasaki,

Cannon, Pawlow. It is fairly to bo inferred from data available that

"big" emotions as fear, anger and possibly love, stimulate through sym-

pathetic connections certain organs as the thyroid and the adrenal glands.

The stimulation of the adrenals effects secretion of .adrenalin into the
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blood, which at once • accelerates heart action and cireidation oi" blood,

changes the chemical nature of the blood and size of blood vessels, sets

free in more than usual amount "blood sugai-" from the liver, which with

the increased supply of oxygen through quickened respiration provides

with necessary energy whatever parts of the organism are concerned in

the work to be done. These emotions
also'b]^

influence upon other glands

and organs suppress temjporarily alimentary and other processes not

serviceable in the given crisis of behavior. The sense organs may bo

made hypersensitive or partly suppressed. Mobilization and utilization

of energy is the essential business of certain emotions. Other processes

are held in abeyance, 'i'lic organism is delicately and accurately adapt-

able to situations that affect it. The emotions are instrumental in facil-

itating adaptation, in setting free extra energy, and in "moving" the

whole organism to the efficient achievement of the work that must be

done.

4). With the development of an individual emotional reactions tend

to lose their "bigness" and intensity in some measure and in combination

with other factors to be sublimated into attitudes and sentiments of de-

pendable character and utility in behavior. Emotional as well as other

aspects of experience are susceptible of organization into psychic controls.

Such controls are modesty, sympathy, love, loyalty, patriotism, and other

familiar sentiments. With this feature of emotion education is espe-

cially concerned,

Mr. Myers's report was based on a rather extensive observation of a

baby's emotional expression by the arms and legs, during his first year.

If the behavior of the child studied is typical, it seems that pleasurable

movements are at first random, due perhaps to lack of coordination of

the moving members. Soon these movements became alternate. In this

case, the one member of the pair being stiiMiilnt»'(| to response, conse-

quently suffers fatigue, and the other member, due gradually to coor-

dinating motor pathwa3^s, takes up the movements, wliieli in turn shifts

to the first again, etc., until both ai-e accumulatively fatigued, or llie

stimulus is too weak to elicit a response, or both. Then, with develop-

ment, each member of the moving pair becomes less susceptible to fatigue,

and. in accordance with the law of habit, tends to repeat its own move-

ment, resulting in rhythmical, successive movements by the same limb.

Later the coordination, in greater perfection, provides unified expressions

bv the pairs of the limbs. Finally, single mi)vetu(Mits of either member of

the pair mav be set up in response to a strong feeling, or the unified

movements mav be more speedy and graceful. Therefore, the character
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and speed of motor emotional reactions by the limbs> are determined by

the degree of coordination of the members of the moving pairs.

Motor-emotional expressions are apparently the most prftnitive as well

as the most fundamental. These movements seem to serve as drill ex-

ercises to discipline the limbs into definite forms of motor reactions, out

of which grow the useful and voluntary acts of the individual.

Aside from the movements of the first few weeks, emotional expres-

sions by the limbs tended to occur in successive series, with tiie number

of niu\ements per series varying from J to is aiid with a central tendency

of from 3 to 5 per series. Between the series the interval of time was

but a little less than the total time for the series. The rate of movement

increased with the increase of motor coordination.

These (rhythmical) movements began on the left side, then were trans-

ferred to the right. For example, the left hand began a regular drmn-

ming movement on the 133rd day: the right hand began the same type

of movement on the lllst day. The left leg, 139th day ; right leg, 143rd

day. Unified movements by the legs began on the 148th day, and were

well developed by the 189th day. Unified movements by the arms began
the 177th day and were well developed by the 247th day.

However, the transition from one type of movement to another was

gradual; and, while new movements for emotional expression became

more numerous as time went on, the old movements were occasionally

revived and seem never to have wholly died out.

Pleasure tends to induce and accelerate activity and displeasure to

inhibit and retard activity.

Pleasurable motor expressions tended to reach their maxiniuni and

to cease, at an appreciable interval before the real pleasurable experience

which was in anticipation, i. e., anticipation at its climax seemed to give

greater pleasure than the real experience of the thing anticipated.

Unified hand movements, which, by the last few months of the year

tended to be toward each other, ceased at the end of the series, with the

hands coming together, palm to palm. As the speed and force of these

movements of pleasure increased, they finally came together with a clap,

and gradually, instead of the introductory unified movements there de-

veloped the regular clapping of the hands as expression of a high degree

of pleasure. Therefore, one of the most primitive expressions of pleas-

ure is applause.

Dr. Holling'worth called attention to various cases in tlie literature

of psychology, sociology and anthropology' (Clarke, Titchener. Brentano,

Stout"), in which the existence of morphological intermediaries between

two types or processes is taken to indicate their identity of quality or
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their genetic relationship. Other cases were cited in which the validity

of this argument lias been questioned (Miller, Bergson, McDougall,
Bateson). The type of argument in question was shown to have resulted

in various biological and philosophical enormities, and specific cases were

presented illustrating the ease with which the error may be committed.

The argument was shown to be but a particular case of the logical fallacy

of "affirming the consequent" and to be meaningless unless supported by

accessory evidence. It was urged that the inadequacy of the logic of in-

termediaries should be more fully realized in psychological investigation.

Mr. Paynter: An experiment was conducted to determine the amount
of (-onfusion between trade-names and their imitations, and to compare
the results with the legal decisions. The decisions of the legally allowable

amount ot similarity, confusion, or deception between trade-names and

their imitations were rendered by judges of State and Federal Courts,

and by various Commissioners of Patents. Legally, a "probability of

deception" between the original and imitating trade-names constitutes

an infringement. But the phrase "probability of deception" has a varia-

ble meaning and has not been objectively- measured. Experiment, on the

other hand, can state the amount of confusion arising between two trade-

names by the per cent, of individuals actually deceived by the imitation.

Furthermore, experiment can state the reliability of court decisions by

calculating to what extent the scores of the infringing imitations are

psychologically more confusing than the non-infringing.

Recognition was the method used. Thirty-nine cases were studied,

24 of which were infringements and 15 non-infringements. The aver-

ages, medians, modes and gi-eat per cent, of overlapping showed that the

difference between the infringements and the non-infringements (as

judged by the courts and Commissioners) Avas so small in comparison
with the differences within them as to make the decisions very unreliable.

Tn only 6 cases out of 9 which the experiment most easy to judge were

the decisions really correct. The results of two groups of subjects, an

uninformed group and an informed, both confirmed the above conclusion.

The application of the recognition method will constitute an enormous

saving in time, energy and money over the present legal procedure of the

courts and Patent Office. The Trade-Mark Act of 1905 and the inter-

pretation by the Supreme Court of the United States define an infringe-

ment as a "colorable imitation" or such as is "calculated to mislead."

These indefinite and variable meanings of infringement should be re-

placed by a quantitative statement of the per cent, of individuals which

must be deceived.

Dr. Bean domonstrated two pieces of apparatus. The one is a balance,
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that may be varied in single milligrams, to find thresholds of touch.

The balance beam is a glass tube with the scale in millimeters and centi-

meters etched upon it. This beam is bent downward at one extremity
where a fibre contact surface is attached. The weight is varied by shift-

ing a straight wire inside the tube. Two meters of this wire would

weigh one grain. Therefore, when a convenient length of it is moved
toward the contact end of the beam one millimeter, it adds one milligram
to the pressure upon the skin, because the millimeter added to the one

end is subtracted from the opposite end. This is a welcome substitute

for Willyoung's troublesome pith ball apparatus. It is more rapidly and

easily operated and thus avoids fatigue in both persons. The weight can

be lowered upon the skin at the samie rate in successive trials. There

are no tiny weights to roll and produce tickle sensations that are easily

confused with contact sensations. The results are for this reason less

variable, and the thresholds are found to be somewhat lower than can be

determined with Willyoung's pith weights.

The other apparatus is an animal maze contrived for the purpose of

lengtliening the process of learning that it may be studied to better ad-

vantage. The curve of learning derived from experiments with the old

form of maze that consists of a few long alleys, drops with an immediacy
that shows that the animal learned the trick in his first trial, and that

later progress is of an altogether different sort. The maze demonstrated

contains no alleys, but consists of triangular rooms with equal sides.

The rooms are themselves equal in size and juxtaposed like the cells of a

honey comb. When the animal enters a room through a door in the

middle of one side, it sees a door in each of the other walls. One of

these doors opens into a room with no other door, whereas the other leads

to food and friends. The curve found is like that for most of the ex-

periments in which the material must be learned gradually.

The Section then adjourned.

Egbert H. Lowie,

Secretary.

BUSINESS MEETING

7 Decembkr, 1914

The Academy met at S:15 p. m. at the American Museum of Natural

Histt>ry, President George F. Tvunz presiding.

The minutes of the last business meeting were read and approved.

The following candidates for membership in the Academy. recoTu-

mended bv Council, wore dulv elected:
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Active Membkkship

Allison V. Armour, 10 West 43rd Street, City.

Ledyard Avery, 18 St. Nicholas Place, City.

Charles Baird, 130 East 67th Street, City.

Hugh Potter Baker, jST. Y. State College of Forestry, Syracuse, jST. Y.

Otto F. Behrend, 210 West 8th Street, Erie, Pa.

William H. Bliss, 6 East 65th Street, City.

William F. Beller, 51 East 123rd Street, City.

Henry Bird, Eye, New York.

Francis P. Dodge, Plaza Hotel, City.

G. Clyde Fisher, American Museum of Natural History, City.

George H. Hazen, 381 Fourth Avenue, City.

Samuel Heller, 68 Nassau Street, City.

Alfred Harris, Babylon, New York.

Paul Griswold Howes, Maplewood Biological Laboratory, Stamford,

Conn.

Alice J. Johnson, Trinity College, Washington, D. C.

John Devereux Kernan, M. D., College of Physicians and Surgeons,

City.

'

.

Edward Lindsey, Warren, Pa.

Mrs. Morris Loeb, 373 Madison Avenue, City.

Marion McMillin, 40 Wall Street, City.

Adam M. Miller, Long Island College Hospital, Brooklyn, N. Y.

Clyde Milne, 229 West 78th Street, City.

Eussell Hastings Millward, Hotel Ansonia, City.

Wesley C. Mitchell, 37 West 10th Street, City.

Eobert Cushman Murphy, Brooklyn Museum, Brooklyn, N. Y.

Ignaz Matausch, American Museum of Natural History, City.

Arthur Notman, Globe, Arizona.

T. H. Hoge Patterson, 4231 VA'alnut Street, Philadelphia, Pa.

E. C. Eathborne, 14 Congress Street, Newark, N. J.

C. P. Sehlicke, 440 Washington Street, City.

Marie F. C. Stockmann, 61 West 127th Street, City.

Carl Stoeckel, Norfolk, Conn.

I. Frank Stone, 100 William Street, City.

Frederick Tilney, College of Physicians and Surgeons, City.

C. H. T. Townsend, U. S. National Museum, Washington, D. C.

F. W. Vanderbilt, Grand Central Terminal, City.

J. P. Wintringham, 153 Henry Street, Brooklyn, N. Y.

Mrs. H. W. Warner, 62 E. 67th Street, City.
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Associate Membeeship

Harold H. Plough, Columbia University, City.

The Eecording Secretary reported the following deaths :

August Weissman, Honorary Member since 1909, died (5 November,
1914.

Charles Sedgwick Minot. Corresponding Member since 1878, died

19 November, 1914.

Theo. N. Gill. Corresponding Member since 1858, died 25 Septem-

ber, 1914.

J. Selden Spencer, Corresponding Member since 1890, died 3 De-

cember, 1914.

The Academv then adiournod.

Edmun^d Otis Hovey,

Recording Secretary.

SECTION OF GEOLOGY AND MINERALOGY

7 December, 1914

Section was called to order by Vice-President C. P. Berkey. about 25

members and guests being present.

An application for a grant of one hmidred dollars from the John

Strong Newberry Fund, by Dr. Charles R. Eastman, a member and Fel-

low of the Academy, to continue his studies on the Paleozoic fishes of

North America, was communicated to the Section. It was accompanied

by a communication by Dr. Bashford Dean, and one by Dr. William K.

Gregory, bearing testimony to the value of Dr. Eastman's researches.

On motion of Dr. Hovey, the Section approved the grant.

The Section also voted to approve the application of Dr. Berkey for

an assistant in examining the material secured in Porto Rico.

Dr. Hovey announced the nomination by the Council of Dr. Berkey as

Vice-President of the Academy and Chairman of the Section for the

ensuing year. The action of the Council was approved.

Dr. A. B. Pacini was elected Secretary of the Section for the year 1915.

The following scientific programme was then offered :

Henryk Arctowski, Volcanic Dust Veils and Climatic Vakiatioxs.

C. C.Mook, A Statistical Study of Variation in Spirifer

mucronatus.
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Summary of Papers

Dr. Arctowski ^axo llic rcsiill iA his invest iniitiiiiis mi the iiilhicnce

that the violent eruptions oJ' the years 1883, 1902 and 1912 have had

upon atmosplicric temperature.

It was found that the pleionian vMriatiops of tempcratui-c changes have

nothing in common ^itli the presence or ab'sence of volcanic dust veils;

that the dust veils produced by the Krakatoa eruption affected atmos-

pheric temperature very greatly and that the violent volcanic eru])tions

of 1902 as well as the Katniai eruption of 1912 influenced the yearly

mean temperatures but very slightly or not at all.

This paper was discussed by Professor Kemp and others.

Mr. Mock said: A study was made upon ii\(' mutations of Spirifer

mucronatvs from the Hamilton beds of Michigan and Ontario. Many
specimens were measured, and shell indices were computed by dividing

the width of the shell by its length. Curves were plotted of the per-

centage of the total number of indivitluals measured of each mutation,

with indices between certain arbitrary limits, both for adult and neanic

stages. Comparison was made between the curves of the adult and neanic

stages of each mutation, and of the curves of tlie adults of the various

mutations with each other.

The tendency in evolution has been to reduce the shell index, reduce

the number of plications, lose the groove on the fold and the plication

in the sinus, strengthen the growth lines, deepen the sinus, and to a

certain extent to reduce the actual width of the shell.

The paper was discussed by Mr. F. T\. Morris and Prof. A. W. Oi-aban.

The Section then adjourned.

A. B. Pacini.

Secretanj.

SECTION OF BIOLOGY

14 Deckmber, 1914

Section met at 8:15 v. m.. Professor Raymond C. Osburn presiding.

The minutes of the last meeting of the Section were read and ai)proved.

The following programme was then offered :

Sympos]u:m on Porto Pico

Charles P. Berkey, (;i:oi,()<;i( ai, Pecoxxaiss.ance or Pokto

Rico.

N. L. Britten, Progress of the Botanical Investigation.
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Marshall A.Howe, Present Knowledge of ttir Marine Alg^.

N. Wille, Present Knowledge of titI'; Fresit-watkr

Algje.

Roy W.Miner, Present Knowledge of iiiE Marine In-

vertebrates.

Frank E. Lutz, Present Knowledge of tite Insects and

Spiders.

John Treadwell Nichols, Pl-esext Knoavledge of the Fishes and

Other Vertebrates.

Summary of Papers

The progress of the Academy's Natural History Survey of Porto Kico

was siunmarized in the pa})ers as follows :

Professor Berkey outlined his geological reconnaissance of the island,

in which he and Dr. Fenner had traveled over 2,000 miles; they had

studied the rocks at so many points that they were enabled to construct

a preliminary geological map which was much more accurate than any

hitherto made; from their studies the broader geological history of the

island was revealed.

Professor Britton outlined the progress of the botanical investigation.

The material collected by the Academy workers had been distributed to

a number of specialists in different parts of the country and from their

labors the knowledge of the flora was rapidly extending.

Dr. Howe by means of the stereopticon exhibited a series of marine

algse recently collected by himself. Especially interesting were the reef-

building corraline algse.

Df. Wille summarized the ]M'esent knowledge of the fresh-water algse,

Mr. Miner described the results of his collecting of marine invertebrates ;

Dr. Lutz outlined the present knowledge of the insects and spiders,

touched upon several interesting problems in distribution and alluded

to the importance of studying the West Indies as a whole ; Mr. Nichols

described the fish fauna.

The Section then adjourned. William K. Gregory.

Secretary.

ANNUAL MEETING

31 December, 1914

The Academy met in Annual Meeting on Monday, 21 December, 1914,

at the Hotel Martinique, at the close of the annual dinner, President

George F. Kunz presiding.
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The minutes of the hist Annual Meeting, 15 December, 1913, were

read and approved.

Eeports were presented by the Corj-esponding Secretary, the Eecordiiig

Secretary, the Librarian and the Editor, all of which, on motion, were

ordered received and placed on file. They are published herewith.

The 'J'reasurer's report showed a net x-a^sh balance of $1,274.97 on

hand at tlie close of business, 30 November, 1914. On motion, this re-

port was received and referred to the Finance Committee for auditing.

The following candidates for Fellowship, recommended by the Council,

were duly elected :

Professor George I, Finlay, Xew York University,

Professor George S. Huntington, College of Physicians and Sur-

geons,

Professor James Howard McGregor, Columbia University,

Mr. Alois von Isakovics, Synfleur Scientific Laboratories, Monticello,

Professor H. von W. Schulte, College of Physicians and Surgeons,

Dr. Elvira Wood, Museum of Comparative Zoology.

The Academy then proceeded to the election of officers for ihe year

1915. The ballots prepared by the Council in accordance with tbe By-

Laws were distributed. On motion, it was unanimously voted that the

Pecording Secretary cast one affirmative ballot for the entire list nomi-

nated b}^ the Council. This was done and they were declared elected,

more than the requisite number of members and Fellows entitled to vote

being present.

President, George F. Kunz,

Vice-Presidents, Charles P. Berkey (Section of Geology and Min-

eralogy), Eaymond C. Osburn (Section of Biology), Charles

Baskerville (Section of Astronomy, Physics and Chemistry),

Clark Wissler (Section of Anthropology and Psychology-) •

Corresponding Secretary, Henry E. Crampton.

Eecording Secretary, Edmund Otis Hovey.

Treasurer, Emerson McMillin.

Librarian, Ealph W. Tower.

Editor, Edmund Otis Hovey.

Councilors (to serve 3 years), Bashford Dean and C. Stuart

Gager.

Finance Committee, Frederic S. Lee, John Tatlock and "W. J.

Matheson.

At the close of the elections, Dr. George F. Kunz gave his address as

retiring President, entitled
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''The New York Academy of Sciences, its Past, its Present and

ITS Future,"

after which the Academy and guests listened to an address by ]\Ir.

Ra3nnond L. Ditmars, Curator of Eeptiles at the New York Zoological

Park, on the

"Book of Nature,"

illustrated. AA'ith some of liis latest motion-picture reels showing various

phases of most interesting animal life.

The Academy then adjourned. Edmund Otis Hovey,

Recording Secretary.

REPOET OF THE CORRESPONDING SECRETARY

We have lost by death during the past year the following Honorary

Members :

Sir John Murray, elected 1913, died 16 March, 1914,

Heinrich Rosenbusch, elected 1887, died 20 January, 1914,

August Weissmann, elected 1909, died 6 November, 1914,

and the following Corresponding Members :

Theodore Nicholas Gill, elected 1858, died 25 September, 1914,

Seth E. Meek, elected 1888, died 7 July, 1914,

Charles Sedgwick Minot, elected 1878, died 19 November, 1914,

J. Selden Spencer, elected 1890, died .3 December, 1914,

N. H. Winchell, elected 1898, died 1 May, 1914.

Two Corresponding Members have been elected Honorary Members.

There are at present upon our rolls 47 Honorary Members and 115

Corresponding Members.

Respectfully submitted, Henry E. Crampton,

Corresponding Secretary.

REPORT OP THE RECORDING SECRETARY

During the year 1914, the Academy held 9 business meetings and 27

sectional meetings, at which 72 stated papers were presented as follows :

Section of Geology and Mineralog\% 18 papers; Section of Biology.

22 papers; Section of Astronomy, Physics and Chemistry, 7 papers;

Section of Anthropology and Psychology, 25 papers.

Four of the sectional mjeetings were of general character and of par-
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ticular interest and were followed by a social hour, witii refreshments,

in one of the exhibition halls of the Museum.

The first was held under the auspices of the Section of Biolog}' on the

evening of 12 January, when a "Conference on the Piltdown Skull and

the Origin of Man" was participated in by Professor Henry Fairfield

Osborn, Dr. J. Leon Williams, Professor R. Broom and Dr. W. K. Greg-

ory. The second was held on 16 February^ under the auspices of the

Section of Astronomy, Physics and Chemistry, when Professor H. T.

Barnes, of McGill University, lectured upon "The Physical Effects Pro-

duced by Icebergs in the jSTorth Atlantic." The third meeting was held

on the evening of 23 March, under the auspices of the Section of An-

thropology and Psychology; Professor Hiram Bingham, of Yale Uni-

versity, delivered a lecture on "Recent Exploration in the Land of the

Incas." The fourth, held on 2 November, was under the auspices of the

Section of Geology and Mineralogy, and Professor Reginald R. Daly
lectured upon "Problems of A^olcanic Action."

In addition to these general meetings of the Academy, one public lec-

ture was given to the members of the Academy and the Affiliated Socie-

ties and their friends on 30 April by Dr. L. A. Bauer, Director of the

Department of Terrestrial Magnetism at Washington. The' title was

"Following the Compass."
At the present time the membership of the Academy is 497, which

includes 478^ Active Members (of whom 19 are Associate Members, 124

Fellows, 98 Life Members and 10 Patrons) and 19 Non-resident Mem-
bers. There have been 11 deaths during the year, 22 resignations have

become effective and three nam)Ds have been dropped from the roll. One

member has been discontinued temporarily at her own request. Fifty-

four new members have been elected during the year, one of whom failed

to qualify and five of whom commuted their annual dues by a single pay-

ment of $100 each. One patron has been elected. Two names have been

transferred to the life membership list on account of twenty-five years'

payment of annual dues. Pour associate members have taken up active

membership. As the membership of the Academy a year ago was 481,

there has been a net gain of 16 during the year 1914. Record is made

with regret of tlic loss by doafh of fhr folldwing active and associate

members :

Albert S. Bickmore, Active Member since 1873.

Samuel H. Bishop, Active Member since 1907.

Henrv W. Boettger, Active Member since 1905.

1 Including :!8 members-elect who have not yet paid their first annual dues.
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F. F. Hahn, Associate Member since 1912.

Karl Hutter, Active Member since 1910.

Dwight A. Jones, Active Member since 1905.

J. Langeloth, Active Member since 1905.

Mrs. Charles Tyler Olmsted, Active Member since 1907.

Charles J. Perry, xlctive Member since 1905.

David L. Pettigrew, Active Member since .1896.

George Taylor, Active Member since 1907.

Respectfully submitted,

Edmund Otis Hovey,

Recording Secretary.

PtEPOET OF THE LIBRARIAN

Diiring the current year the Library of the jSTew York Academy of

Sciences has received by exchange and donation two hundred eight vol-

umes and one thousand five hundred twenty-two numbers. The Natur-

historisches Verein in Augsburg has very graciously supplied the Acad-

emy Library with volumes III (1850), V-XIII (1852-1860). which

were lacking in the files and for which special acknowledgments are

herewith extended.

Through the system of inter-library loans the scientific books have

been made more accessible to students and investigators, and it is there-

fore a pleasure to report that the use of the library has much increased.

Respectfully submitted,

Ralph W. Tower,
Librarian.

REPORT OF THE EDITOR

The parts of the Annals which have been published this year are the

following :

Volume XXTTT
Pages

A. C. Hawkins—Lockatoug Formatioii of the Triassic of New Jersey

and Pennsylvania 14.5-176

Marjorie O'Connell—Revision of the Genus Zaphrentis 177-192

Charles R. Fettke—The Manhattan Schist of Southeastern New York

State and Its Associated Igneous Rocks 19.-5-260

E. O. Hovey—Records of Meetings of the Academy 261-.316

Charter and Organization of the Academy .317-322

Constitution and By-laws 323-.3.30

Memhership of the Academy .3.31-342

Index 34.3-353
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Volume XXIV

Elvira Wood—The Use of Crinoid Arms in Studies of Phylogeny 1-17

C. C. Mook—Notes on Camarasaurus Cope 19-22

Alexis A. Julien—The Genesis of Antigorite and Talc 23-38

Henryk Arctowski—A Study of the Changes in the Distrihiition of

Temperature in Europe and North America dur-

ing the Years 1900-1909 :.
.,

39-113

Raymond Bartlett Earle—The Genesis of Certain Paleozoic Tnterbed-

ded Iron Ore Deposits 115-170

There is likewise in press a paper by \V. D. Matthew entitled "Climate

and Evolution" and one by H. von W. Schulte and Frederick Tilney en-

titled "Development of the Neuraxis in the Domestic, Cat to the Stage of

Twenty-one Somites." The first portion of Miss Lanra E. W. Benedict's

paper on "Bagobo Ceremonial, Magic and Myth" is in press. This is to

form the first paper of Volume XXV of the Annals which is to be de-

voted exclusively to anthropological papers. The Publication Committee

has accepted a paper by W. K. Gregory entitled "Present Status of the

Prol>]em of the Origin of the Tetrapoda," for pnljlication in Vohime

XXVI of the Annals.

Respectfully submitted, Edmund Otis Hovky.

Editor.

REPORT OF THE TREASFRER

MEMBERSHIP

Paid np. Active Members (2 of these wore elected after 1 May and paid

$5 for 1914) 272

Paid up, Associate Members 17

Delinquent Active and Associate Members 51

Life members and Patrons 104

444 i

RECEIPTS

Decembek 1. 1913—November 30, 1914

Cash on hand, December 1. 1913 $2,821.67

Life membership fee 100 . 00^

Income from investments:

Interest on mortgages on New York City real estate. . $771.26

Interest on railroad and other bonds 1,325.00

2,096. 2&

1 Including four deceased members whose dues have been paid to the end of the year..
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Interest on bank balances 40.55

Active membei-sbip dues, 1012 30. 00

1913 115 . 00
" " " 1014 2,710.00

2,855.00

Associate membership dues. 1012 3.00
" 1913 3.00

" " 1014 51.00

57.00

Sales of publications 195 . 85

Contribution to cost of publication 250.00

Subscriptions to annual dinner (1013) 188.00

Esther Herrman Research Fund (return of grant) 150.00

Part payment on Deane-Brennan mortgage 1,163 . 33

Sale of Lawyers' Mortgage Company's bond 1,000.00

Porto Rico Survey (subscription) 1.000. 00

Porto Rico Government (refund of advances made on account of

field expenses) 1.990. 82

Cash on note in bank 3,000. 00

Loan from American Museum of Natural History 250 . 00

Total $17,158.48

DISBURSEMENTS

December 1, 191.3—30 November, 1914

Publications on account of Annals $2,165 .96

Publication of Bnlletin 607.86

Recording Secretary's expenses 417 . 82

Recording Secretary's and Editor's allowances 1,500.00

Lecture Committee 98 . 40

General expenses 149 . 60

Esther Herrman Research Fund (grants) 990. (X)

John Strong Newberry Fund ( grants ) 75 . 00

Annual meeting and dinner ( 1013) 226.30

Annual dues, 1913 (refund) 10. 00

General meetings 861 . 20

Headquarters Committee 324 . 49

Purchase of mortgage from Lawyers' Mortgage Company 2,000.00

Porto Rico Survey (advances for field expenses) 3.000.00

Section of Geology and Mineralogy 20 . 43

Section of Biology 30.28

Special Membership Committee 100 . 00

American Museum of Natural History (repayment of loan) 250.00

Payment of note in bank 3,000 . 00

Interest on note in bank 47 . 17

Cash on hand 1.274.97

Total $17,158.48
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BaLANCK yilEET, 30 NoVKillJEK, 1014

Investments (cost) $42,362.92 IVrui.iiiciit Fuml $23,012.57

Cash on hand 1.274.97 IMihlication Fund 3.000.00

AiKhil.on Fund 2..")00.00

Estlier Hernii.in Ke.search

Fund 10.000.00

John Stroiii; Xcwherry
Fluid 1,000.00

Income Permanent Fund.. 1.860.03

Income Audubon Fund.... 591.83

Income Esther Herrman
Fund 1,396.27

Income Newberry Fund... 277.19

$43,637.89 $43,637.89

PROPERTY
Cost

Lampe Mortgage at r» per cent. . $12,000.00

Deane-Brennan Mortgage at 5% per cent. . 4,036.67

4 Detroit City Gas Company's bonds at 5 per cent. . 4,000.00

3 Grand Rapids Gas Light Company's bonds at") percent.. 2,910.00

10 Madison Gas and Electric Company's bonds at per cent. . 10,400.00

1 Bingliamton Gas and Electric Company's bond.. at") i)ercent.. 995.00

1 Quebec-Jacques Cartier Electric Company's bond.at 5 percent.. 96."). 00

1 San Antonio Gas and Electric Company's bond.. at.") percent.. 487.50

1 San Antonio Traction Company's bond at 5 percent.. 487.50

5 U. S. Steel Corporation bonds at ."> per cent. . 5,081.25

Participation bond of I^awyers' Mortgage Co at 5 percent.. 1.000.00

$42,362.92

Henry L. Doherty,
Treasurer.

30 January, 1915.

Examined and found to be correct.

Frederic S. Lee,

John Tatlock,

Auditing Committee.

1 Reduced from $5,200 by part payment of $1,163.33.



THE OEGANIZATION OF THE NEW YORK ACADEMY OF
SCIENCES

THE ORIGINAL CHARTER

AN ACT TO INCORPORATE THE

LYCEUM OF NATURAL HISTORY IN THE CITY OF NEW YORK

Passed April 20, 1818

Whereas, Tlie members of the Lyceum of Natural History have peti-

tioned for an act of incorporation, and the Legislature, impressed with the

importance of the study of Natural History, as connected with the wants,

the comforts and the happiness of mankind, and conceiving it their duty
to encourage all laudable attempts to promote the progress of science in

this State—therefore,

1, Be it enacted by the People of the State of New York represented in

Senate and Assembly, That Samuel L. Mitchill, Casper W. Eddy, Fred-

erick C. Schaeffer, Nathaniel Paulding, William Cooper, Benjamin P.

Kissam, John Torrey, William Cumberland, D'Jurco V. Knevels, James

Clements and James Pierce, and such other persons as now are, and may
from time to time become members, shall be, and hereby are constituted a

body corporate and politic, by the name of Lyceum of Natural History
IN THE City of New York, and that by that name they shall have per-

petual succession, and shall be persons capable of suing and being sued,

pleaded and being impleaded, answering and being answered unto, de-

fending and being defended, in all courts and places whatsoever
;
and may

have a common seal, with power to alter the same from time to time
;
and

shall be capable of purchasing, taking, holding, and enjoying to them and

their successors, any real estate in fee simple or otherwise, and any goods,

chattels, and personal estate, and of selling, leasing, or otherwise dispos-

ing of said real or personal estate, or any part thereof, at their will and

pleasure : Provided ahvays; that the clear annual value or income of such

real or personal estate shall not exceed the sum of five thousand dollars:

Provided, however, that the funds of the said Corporation shall be used

and appropriated to the promotion of the objects stated in the preamble
to this act, and those only.

2. And be it further enacted, That the said Society shall from time to

time, forever hereafter, have power to make, constitute, ordain, and estab-

lish such by-laws and regulations as they shall judge proper, for the elec-

(407)
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tion of their officers; for prescribing their respective functions, and the

mode of discharging the same ;
for the admission of new members ;

for the

government of the officers and members thereof; for collecting annual

contributions from the members towards the funds thereof; for regulat-

ing the times and places of meeting of the said Society; for suspending

or expelling such members as shall neglect or refuse to comply with the

by-laws or regulations, and for the managing 5r directing the affairs and

concerns of the said Society: Provided such by-laws and regulations be

not repugnant to the Constitution and laws of this State or of the United

States.

3. And be it further enacted, That the officers of the said Society shall

consist of a President and two Vice-Presidents, a Corresponding Secre-

tar}^, a Eecording Secretary, a Treasurer, and five Curators, and such

other officers as the Society may judge necessary ;
who shall be annually

chosen, and who shall continue in office for one year, or until others be

elected in their stead ;
that if the annual election shall not be held at any

of the days for that purpose appointed, it shall be lawful to make such

election at any other day; and that five members of the said Society,

assembling at the place and time designated for that purpose by any by-

law or regulation of the Society, shall constitute a legal meeting thereof.

4. And he it further enacted. That Samuel L. Mitchill shall be the

President; Casper W. Eddy the First Vice-President; Frederick C.

Schaeffer the Second' Vice-President
;
Nathaniel Paulding, Correspond-

ing Secretary; William Cooper, Eecording Secretary; Benjamin P. Kis-

sam, Treasurer, and John Torrey, William Cumberland, D'Jurco V.

Knevels, James Clements, and James Pierce, Curators ; severally to be

the first officers of the said Corporation, who shall hold their respective

offices until the twenty-third day of February next, and until others shall

be chosen in their places.

5. And he it further enacted, That the present Constitution of the said

Association shall, after passing of this Act, continue to be the Constitu-

tion thereof; and that no alteration shall be made therein, unless by a

vote to that effect of three-fourths of the resident members, and upon the

request in writing of one-third of such resident members, and submitted

at least one month before any vote shall be taken thereupon.

State of New York, Secretary's Office.

I CERTIFY the preceding to be a true copy of an original Act of the

Legislature of this State, on file in this Office.

Arched Campbell,

AiJBANY, April 29, 1818. Dep. Sec'lJ.
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ORDER OF COURT

ORDER OF THE SUPREME COURT OF THE STATE OF NEW YORK

TO CHANGE THE NAME OF

THE LYCEUM OF NATURAL HISTORY IN THE CITY OF
NEW YORK

TO

THE NEW YORK ACADEMY OF SCIENCES

Whereas, in pursuance of the vote and proceedings of this Corpora-

tion to change the corporate name thereof from "The Lyceum of Natural

History in the City of New York" to "The New York Academy of Sci-

ences," which vote and proceedings appear to record, an application has

been made in behalf of said Corporation to the Supreme Court of the

State of New York to legalize and authorize such change, according to

the statute in such case provided, by Chittenden & Hubbard, acting as

the attorneys of the Corporation, and the said Supreme Court, on the 5th

day of January, 1876, made the following order upon such application in

the premises, viz :

At a special term of the Supreme
Court of the State of New York,

held at the Chambers thereof, in

the County Court House, in the

City of New York, the 5th day
of January, 1876:

Present—Hon. Geo. C. Barrett, Justice.

In the matter of the application of"

the Lyceum of Natural History

in the City of New York to au-

thorize it to assume the corporate

name of the New York Academy
of Sciences.

On reading and filing the petition of the Lyceum of Natural History

in the City of New York, duly verified by John S. Newberry, the Presi-

dent and chief officer of said Corporation, to authorize it to assume the

corporate name of the New York Academy of Sciences, duly setting forth
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the grounds of said application, and on reading and filing the affidavit of

Geo. W. Quaekenbush, showing that notice of such application had been

duly published for six weeks in the State paper, to wit, The A Ibany

Evening Journal, and the affidavit of David S. Owen, showing that notice

of such application has also been duly published in the proper newspaper
of the County of New York, in which county said Corporation had its

business office, to wit, in The Daily Register, 'hy which it appears to my
satisfaction that such notice has been so published, and on reading and

filing the affidavits of Eobert H. Browne and J. S. Newberry, thereunto

annexed, by which it appears to my satisfaction that the application is

made in pursuance of a resolution of the managers of said Corporation to

that end named, and there appearing to me to be no reasonable objection

to said Corporation so changing its name as prayed in said petition : Now
on motion of Grosvenor S. Hubbard, of Counsel for Petitioner, it is

Ordered, That the Lyceum of Natural History in the City of New
York be and is hereby authorized to assume the corporate name of The

New York Academy of Sciences.

Indorsed: Filed January 5, 1876,

A copy. Wm. Walsh, Clerh.

Resolution of The Academy, accepting the order of the Court, passed

February 21, 1876

And whereas. The order hath been published as therein required, and

all the proceedings necessary to carry out the same have been had. There-

fore :

Resolved, That the foregoing order be and the same is hereby accepted

and adopted by this Corporation, and that in conformity therewith the

corporate name thereof, from and after the adoption of the vote and reso-

lution herein above referred to, be and the same is hereby declared to be

THE NEW YOEK ACADEMY OF SCIENCES.

AMENDED CHARTER

March 19, 1902

Chapter 181 of the Laws of 1902

An Act to amend chapter one hundred and ninety-seven of the laws of

eighteen hundred and eighteen, entitled "An act to incorporate the Ly-

ceum of Natural History in the City of New York," a Corporation now

known as The New York Academy of Sciences and to extend the powers
of said Corporation.
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(Became a law March 19, 1902, with the approval of the Governor.

Passed, three-fifths being present.)

The People of the State of New York, represented in Senate and As-

sembly, do enact as follows:

Section I. The Corporation incorporated by chapter one hundred

and ninety-seven of the laws of eighteen hundred and eighteen, entitled

"An act to incorporate the Lyceum of iSFatural History in the City of

New York," and formerly known by that name, but now known as The

New York Academy of Sciences through change of name pursuant to

order made by the supreme court at the city and county of New York, on

January fifth, eighteen hundred and seventy-six, is hereby authorized and

empowered to raise money for, and to erect and maintain, a building in

the city of New York for its use, and in which also at its option other

scientific societies may be admitted and have their headquarters upon
such terms as said Corporation may make with them, portions of which

building may be also rented out by said Corporation for any lawful uses

for the purposes of obtaining income for the maintenance of such build-

ing and for the promotion of the objects of the Corporation ;
to establish,

own, equip, and administer a public library, and a museum having es-

pecial reference to scientific subjects; to publish communications, trans-

actions, scientific works, and periodicals; to give scientific instruction by
lectures or otherwise

;
to encourage the advancement of scientific research

and discovery, by gifts of money, prizes, or other assistance thereto. The

building, or rooms, of said Corporation in the City of New York used

exclusively for library or scientific purposes shall be subject to the pro-
visions and be entitled to the benefits of subdivision seven of section four

of chapter nine hundred and eight of the laws of eighteen hundred and

ninety-six, as amended.

Section II. The said Corporation shall from time to time forever

hereafter have power to make, constitute, ordain, and establish such by-

laws and regulations as it shall judge proper for the election of its officers ;

for prescribing their respective functions, and the mode of discharging
the same

;
for the admission of new members

;
for the government of offi-

cers and members thereof; for collecting dues and contributions towards

the funds thereof; for regulating the times and places of meeting of said

Corporation; for suspending or expelling such members as shall neglect

or refuse to comply with the by-laws or regulations, and for managing or.

directing the affairs or concerns of the said Corporation : and may from

time to time alter or modify its constitution, by-laws, rules, and regula-

tions.
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Section III. The officers of the said Corporation shall consist of a

president and two or more vice-presidents, a corresponding secretary, a

recording secretary, a treasurer, and such other officers as the Corporation

may judge necessary; who shall be chosen in the manner and for the

terms prescribed by the constitution of the said Corporation.

Section IV. The present constitution^of the said Corporation shall,

after the passage of this act, continue to be the constitution thereof until

amended as herein provided. Such constitution as may be adopted by a

vote of not less than three-quarters of such resident members and fellows

of the said New York Academy of Sciences as shall be present at a meet-

ing thereof, called by the Eecording Secretary for that purpose, within

forty days after the passage of this act, by written notice duly mailed,

postage prepaid, and addressed to each fellow and resident member at

least ten days before such meeting, at his last known place of residence,

with street and number when known, which meeting shall be held within

three months after the passage of this act, shall be thereafter the consti-

tution of the said New York Academy of Sciences, subject to alteration

or amendment in the manner provided by such constitution.

Section V. The said Corporation shall have power to consolidate, to

"unite, to co-operate, or to ally itself with any other society or association

in the city of New York organized for the promotion of the knowledge or

the study of any science, or of research therein, and for this purpose to

receive, hold, and administer real and personal property for the uses of

such consolidation, union, co-operation, or alliance subject to such terms

and regulations as may be agreed upon with such associations or societies.

Section VI. This act shall take effect immediately.

State of New York,
Office of the Secretary of State.

I have compared the preceding with the original law on file in this

office, and do hereby certify that the same is a correct transcript there-

from, and the whole of said original law.

Given under my hand and the seal of office of the Secretary of State,

at the city of Albany, this eighth day of April, in the year one thousand

nine hundred and two.

John T. McDonough,

Secretary of State.
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CONSTITUTION

Adopted, April 24, 1902, and Amjinded at Subsequent Times

Article I. The name of this Corporation shall be The New York

Academy of Sciences. Its object shall be the advancement and diffusion

of scientific knowledge, and the center of its activities shall be in the City

of New York.

Article II. The Academy shall consist of five classes of members,

namely: Active Members, Fellows, Associate Members, Corresponding
Members and Honorary Members. Active Members shall be the members

of the Corporation who live in or near the City of New York, or who,

having removed to a distance, desire to retain their connection with the

Academy. Fellows shall be chosen from the Active Members in virtue of

their scientific attainments. Corresponding and Honorary Members shall

be chosen from among persons who have attained distinction in some

branch of science. The number of Corresponding Members shall not

exceed two hundred, and the number of Honorary Members shall not

exceed fifty.

Article III. None but Fellows and Active Members who have paid
their dues up to and including the last fiscal year shall be entitled to vote

or to hold office in the Academv.

Article IV. The officers of the Academy shall be a President, as

many Vice-Presidents as there are sections of the Academy, a Correspond-

ing Secretary, a Recording Secretary, a Treasurer, a Librarian, an Editor,

six elected Councilors and one additional Councilor from each allied

society or association. The annual election shall be held on the third

Monday in December, the officers then chosen to take office at the first

meeting in January following.

There shall also be elected at the same time a Finance Committee of

three.

Article V. The officers named in Article IV shall constitute a Coun-

cil, which shall be the executive body of the Academy with general control

over its affairs, including the power to fill ad interim any vacancies that

may occur in the offices. Past Presidents of the Academy shall be ex-

officio members of the Council.

Article VI. Societies organized for the study of any branch of

science may become allied with the New York Academy of Sciences by
consent of the Council. Members of allied societies may become Active

Members of the Academy by paying the Academy's annual fee, but as
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members of an allied society they shall be Associate Members with the

rights and privileges of other Associate Members, except the receipt of

its publications. Each allied society shall have the right to delegate one

of its members, who is also an Active Member of the Academy, to the

Council of the Academy, and such delegate shall have all the rights and

privileges of other Councilors.

Article VII. The President and Vice-Presidents shall not be eligible

to more than one re-election until three years after retiring from office;

the Secretaries and Treasurer shall be eligible to re-election without

limitation. The President, Vice-Presidents and Secretaries shall be Fel-

lows. The terms of office of elected Councilors shall be three years, and

these officers shall be so grouped that two, at least one of whom shall be a

Fellow, shall be elected and two retired each year. Councilors shall not

be eligible to re-election until after the expiration of one year.

Article VIII. The election of officers shall be by ballot, and the can-

didates having the greatest number of votes shall be declared duly elected.

Article IX. Ten members, the majority of whom shall be Fellows,

shall form a quorum at any meeting of the Academy at which business is

transacted.

Article X. The Academy shall establish by-laws, and may amend

them from time to time as therein provided.

Article XI. This Constitution may be amended by a vote of not less

than three-fourths of the Fellows and three-fourths of the active members

present and voting at a regular business meeting of the Academy, pro-

vided that such amendment shall be publicly submitted in writing at the

preceding business meeting, and provided also that the Recording Secre-

tary shall send a notice of the proposed amendment at least ten days

before the meeting, at which a vote shall be taken, to each Fellow and

Active Member entitled to vote.

BY-LAWS

As Adopted, October 6, 1902, and Amended at Subsequent Times

Chapter I

OFFICERS

1. President. It shall be the duty of the President to preside at the

business and special meetings of the Academy; he shall exercise the cus-

tomary duties of a presiding officer.

2. Vice-Presidents. In the absence of the President, the senior Vic

President, in order of Fellowsliip, shall act as the presiding officer

ao—
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3. Corresponding Secretary. The Corresponding Secretary shall keep

a corrected list of the Honorary and Corresponding Members, their titles

and addresses, and shall conduct all correspondence with them. lie shall

make a report at the Annual Meeting.
4. Recording Secretary. The Recording Secretary shall keep the

minutes of the Academy proceedings; he shall have charge of all docu-

ments belonging to the Academy, and of its corporate seal, which he shall

affix and attest as directed by the Council; he shall keep a corrected list

of the Active Members and Fellows, and shall send them announcements

of the Meetings of the Academy ;
he shall notify all Members and Fellows

of their election, and committees of their appointment; he shall give

notice to the Treasurer and to the Council of matters requiring their

action, and shall bring before the Academy business presented by the

Council. He shall make a report at the Annual Meeting.
5. Treasurer. The Treasurer shall have charge, under the direction

of the Council, of all moneys belonging to the Academy, and of their

investment. He shall receive all fees, dues and contributions to the

Academy, and any income that may accrue from property or investment
;

he shall report to the Council at its last meeting before the Annual Meet-

ing the names of members in arrears
;
he shall keep the property of the

Academy insured, and shall pay all debts against the Academy the dis-

charge of which shall be ordered by the Council. He shall report to the

Council from time to time the state of the finances, and at the Annual

Meeting shall report to the Academy the receipts and expenditures for

the entire year.

6. Librarian. The Librarian shall have charge of the library, under

the general direction of the Library Committee of the Council, and shall

conduct all correspondence respecting exchanges of the Academy. He
shall make a report on the condition of the library at the Annual Meeting.

7. Editor. The editor shall have charge of the publications of the

Academy, under the general direction of the Publication Committee of

the Council. He shall make a report on the condition of the publications

at the Annual Meeting.

Chapter II

COUNCIL

1. Meetings. The Council shall meet once a month, or at the call of

the President. It shall have s^eneral charge of the affairs of the Academv.

2. Quorum. Five members of the Council shall constitute a quorum.
3. Officers. The President, Vice-Presidents and Recording Secretary

of the Academv shall hold the same offices in the Council.
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4. Committees. The Standing Committees of the Council shall be:

(1) an Executive Committee consisting of the President, Treasurer, and

Recording Secretary; (2) a Committee on Publication; (3) a Committee
on the Library, and such other committees as from time to time shall be

authorized by the Council. The action of these committees shall be sub-

ject to revision by the Council.

Chapter III

FINANCE COMMITTEE

The Finance Committee of the Academy shall audit the Annual Report
of the Treasurer, and shall report on financial questions whenever called

upon to do so by the Council.

Chapter IV

ELECTIONS

1. Active Members, (a) Active Members shall be nominated in writ-

ing to the Council by at least two Active Members or Fellows. If ap-

proved by the Council, they may be elected at the succeeding business

meeting.

(h) Any Active Member who, having removed to a distance from the

city of New York, shall nevertheless express a desire to retain his connec-

tion with the Academy, may be placed by vote of the Council on a list of

JSTon-Eesident Members. Such members shall relinquish the full privi-

leges and obligations of Active Members. (Vide Chapters V and X.)

2. Associate Members. Workers in sciencJe may be elected to Associate

Membership for a period of two years in the manner prescribed for Active

Members. They shall not have the power to vote and shall not be eligible

to election as Fellows, but may receive the publications. At any time sub-

sequent to their election they may assume the full privileges of Active

Members by paying the dues of such Members.

3. Fellows, Corresponding Members and Honorary Members. iSTomi-

nations for Fellows, Corresponding Members and Honorary Members

may be made in writing either to the Recording Secretary or to the

Council at its meeting prior to the Annual Meeting. If approved by the

Council, the nominees shall then be balloted for at the Annual Meeting.
4. Officers. Nominations for Officers, with the exception of Vice-

Presidents, may be sent in writing to the Recording Secretary, with the

name of the proposer, at any time not less than thirty days before the

Annual Meeting. Each section of the Academy shall nominate a candi-
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date for Vice-President, who, on election, shall be Chairman of the sec-

tion ; the names of such nominees shall be sent to the Eecording Secretary

properly certified by the sectional secretaries, not less than thirty days
before the Annual Meeting. The Council shall then prepare a list which

shall be the regular ticket. This list shall be mailed to each Active Mem-
ber and Fellow at least one week before the Annual Meeting. But any
Active Member or Fellow entitled to vote shall be entitled to prepare and
vote another ticket.

Chapter V

DUES

1. Dues. The annual dues of Active Members and Fellows shall be

$10, payable in advance at the time of the Annual Meeting; but new
members elected after May 1, shall pay $5 for the remainder of the fiscal

year.

The annual dues of elected Associate Members shall be $3, payable in

advance at the time of the Annual Meeting.
Non-Eesident Members shall be exempt from dues, so long as they shall

relinquish the privileges of Active Membership. (Vide Chapter X.)
2. Members in Arrears.

'

If any Active Member or Fellow whose dues

remain unpaid for more than one year, shall neglect or refuse to pay the

same within three months after notification by the Treasurer, his name

may be erased from the rolls by vote of the Council. Upon payment of

his arrears, however, such person may be restored to Active Membership
or Fellowship by vote of the Council.

3. Renewal of Membership. Any Active Member or Fellow who shall

resign because of removal to a distance from the city of New York, or

any Non-Eesident IMember, may be restored by vote of the Council to

Active Membership or FelloAvship at any time upon application.

Chapter VI

PATRONS, DONORS AND LIFE MEMBERS

1. Patrons. Any person contributing at one time $1,000 to the general
funds of the Academy shall be a Patron and, on election by the Council,
shall enjoy all the privileges of an Active Member.

2. Donors. Any person contributing $50 or more annually to the

general funds of the Academy shall be termed a Donor and, on election

by the Council, shall enjoy all the privileges of an Active Member.-

3. Life Members. Any Active Member or Fellow contributing at one

time $100 to the general funds of the Academy shall be a Life Member
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and shall thereafter be exempt from annual dues
;
and any Active Mem-

ber or Fellow wlio has paid annual dues for twenty-five years or more

may, upon his written re(piest, be made a life member and be exempt
from further payment of dues.

Chapter VII ,

SECTIONS

1. Sections. Sections devoted to special branches of Science may be

established or discontinued by the Academy on the recommendation of

the Council. The present sections of the Academy are the Section of

Astronomy, Physics and Chemistry, the Section of Biology, the Section

of Geology and Mineralogy and the Section of Anthropology and Psy-

chology.

2. Organization. Each section of the Academy shall have a Chairman

and a Secretary, who shall have charge of the meetings of their Section.

The regular election of these officers shall take place at the October or

November meeting of the section, the officers then chosen to take office at

the first meeting in January following.

3. Affiliation. Members of scientific societies affiliated with the

Academy, and members of the Scientific Alliance, or men of science intro-

duced by members of the Academy, may attend the meetings and present

papers under the general regulations of the Academy.

Chapter VIII

MEETINGS

1. Business Meetings. Business meetings of the Academy shall be

held on the first Monday of each month from October to May inclusive.

2. Sectional Meetings. Sectional meetings shall be held on Monday

evenings from October to May inclusive, and at such other times as the

Council may determine. The sectional meeting shall follow the business

meeting when both occur on the same evening.

3. Annual Meeting. The Annual Meeting shall be held on the third

Monday in December.

4. Special Meetings. A special meeting may be called by the Council,

provided one week's notice be sent to each Active Member and Fellow,

stating the object of such meeting.
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Chapter IX

ORDER OF BUSINESS

1. Business Meetings. The following shall be the order of procedure

at business meetings :

1. Minutes of the previous business meeting.

2. Report of the Council.

3. Reports of Committees.

4. Elections.

5. Other business.

2. Sectional Meetings. The following shall be the order of procedure
at sectional meetings :

1. Minutes of the preceding meeting of the section.

2. Presentation and discussion of papers.

3. Other scientific business.

3. Annual Meetings. The following shall be the order of procedure

at Annual Meetings:
1. Annual reports of the Corresponding Secretary, Recording

Secretary, Treasurer, Librarian, and Editor.

2. Election of Honorary Members, Corresponding Members, and

Fellows.

3. Election of officers for the ensuing year.

4. Annual address of the retiring President.

Chapter X

PUBLICATIONS

1. Publications. The established publications of the Academy shall

be the Annals and the Memoirs. They shall be issued by the Editor

under the supervision of the Committee on Publications.

2. Distribution. One copy of all publications shall be sent to each

Patron, Life Member, Active Member and Fellow; provided, that upon

inquiry by the Editor such Members or Fellows shall signify their desire

to receive them,

3. Publication Fund. Contributions may be received for the publica-

tion fund, and the income thereof shall be applied toward defraying the
«

expenses of the scientific publications of the Academy.
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Chapter XI

GENERAL PROVISIONS

1. Debts. No debts shall be incurred on behalf of the Academy, unless

authorized by the Council.

2. Bills. All bills submitted to the Council must be certified as to

correctness by the officers incurring them.

3. Investments. All the permanent funds of the Academy shall be

invested in United States or in New York State securities or in first

mortgages on real estate, provided they shall not exceed sixty-five per

cent, of the value of the property, or in first-mortgage bonds of corpora-

tions which have paid dividends continuously on their common stock for

a period of not less than five years. All income from patron's fees, life-

membership fees and donor's fees shall be added to the permanent fund.

4. Expulsion, etc. Any Member or Fellow may be censured, sus-

pended or expelled for violation of the Constitution or By-Laws, or for

any offence deemed sufficient, by a vote of three-fourths of the Members

and three-fourths of the Fellows present at any business meeting, provided

such action shall have been recommended by the Council at a previous

business meeting, and also, that one month's notice of such recommenda-

tion and of the offence charged shall have been given the Member accused.

5. Changes in By-Laius. No alteration shall be made in these By-

Laws unless it shall have been submitted publicly in writing at a business

meeting, shall have been entered on the IMinutes with the names of the

Members or Fellows proposing it, and shall be adopted by two-thirds of

the Members and Fellows present and voting at a subsequent business

meeting.
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HONORAEY MEMBEES

31 December, 1914

Elected.

1912. Frank D, Adams, Montreal, Canada.

1898. Arthur Auwers. Berlin, Germany.^

1889. Charles Barrois. Lille, France.

1907. William Bateson, Cambridge, England.

1910. Theodor Boveri, Wiirzbiirg, Germany.
1901. Charles Vernon Boys, London, England.

1904. W. C. Brogger, Christiania, Norway.

1876. W. Boyd Dawkixs. Manchester, England.

1913. Charles Deperet, Lyons, France.

1902. Sir James Dewar. Cambridge, England.

1901. Emil Fischer, Berlin, Germany.
1876. Sir Archibald Geikie. Haslemere, Surrey, England.

1901. James Geikie, Edinburgh, Scotland.

1898. Sir David Gill, London, England.

1909. K. F. Gobel, Munich, Germany.
1889. George Lincoln Goodale. Cambridge, Mass.

1909. Paul von Groth, Munich, Germany.
1894. Ernst Hackel, Jena, Germany.
1912. George E. Hale, Mt. Wilson, Calif.

1899. Julius Hann, Vienna, Austria.

1898. George W. Hill, West Nyack, N. Y.

1896. Ambrosius A. W. Hubrecht, Utrecht, Netherlands.

1896. Felix Klein, Gottingen, Germany.
1909. Alfred Lacroix, Paris, France.

1876. Viktor von Lang, Vienna, Austria.

1898. E. Eay Lankester, London, England.
1880. Sir Norman Lockyer, London, England.
1911. Ernst Mach, Munich, Germany.
1912. Iliya Metchnikof. Paris, France.

1898. Fridtjof Nansen. Christiania, Norway.
1908. Wilhelm Ostwald. Gross-Bothen, Germany.
1898. Albrecht Penck, Berlin, Germany.

1 Deceased.
"
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Elected.

1898. WiLHELM Pfeffer, Leipzig, Germany.
1900. Edward Charles Pickering, Cambridge, Mass.

1911. Edward Bagxall Poulton, Oxford, England.
1913. Sir David Pkain, Kew, England.
1901. Sir William Eamsay, London, England.
1899. Lord Rayleigii, Witham, Essex, l^^agland.

1898. Hans H. Eeusch, Christiania, Norway.
1887. Sir Henry Enfield Eoscoe, London, England.

1912. Siio Watase, Tokyo, Japan.

1904. Karl von den Steinen, Berlin, Germany.
1896. Joseph John Thomson, Cambridge, England.
1900. EDVv.vnn Burnett Tylor, Oxford, England.
1904. Hugo de Vries, Amsterdam, Netherlands.

1907. James Ward, Cambridge, England.

1904. Wilhelm Wundt, Leipzig, Germany.

CORPtESPONDING MEMBERS

31 December, 1914.

1883. Charles Conrad Abbott, Trenton, N. J.

1891. Jose G. Aguilera, Mexico City, Mexico.

1890. William De Witt Alexander, Honolulu, Hawaii.

1899. C. W. Andrews, London, England.
1876. John Howard Appleton, Providence, R. I.

1899. J. G. Baker, Kew, England.
1898. Isaac Bagley Balfour, Edinburgh, Scotland.

1878. Alexander Graham Bell, Washington, D. C.

1867. Edward L. Berthoud, Golden, Colo.

1897. Herbert Bolton, Bristol, England.
1899. G. A. Boulenger, London, England.
1874. T. S. Buandegee, Berkeley, Calif.

1884. John C. Branner. Stanford University, Calif.

1894. BoHUSLAY Brauner, Prague, Bohemia.

1874. William Brewster. Cambridge, Mass.

1898. T. C. Chamberlin, Chicago, 111.

1876. Frank Wigglesworth Clarke. Washington, D. C.

1891. L. Clerc, Ekaterinburg, Russia.

1877. Theodore B. Comstock, Los Angeles, Calif.

1868. M. C. Cooke, London, England.
1876. H. B. Cornwall, Princeton, N. J.
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Elected.

1880. Charles B. Cory, Boston, Mass.

1877. Joseph Crawford, Philadelphia, Pa.

1895. Henry P. Cushing, Cleveland, 0.

1879. T. Nelson Dale, Pittsfield, Mass.

1870. William Healey Dall, Washington, D. C.

1885. Edward Salisbury Dana, New Haven, Conn.

1898. William M. Davis, Cambridge, Mass.

1894. EuTHVEN Deane, Chicago, 111.

1890. Orville a. Derby, Eio de Janeiro, Brazil.

1899. Louis Dollo, Brussels, Belgium.

1876. Henry AV. Elliott. Lakewood, 0.

1880. John B. Elliott, Tulane Univ., La.

1869. Francis E. Engelhardt, Syracuse, iST. Y.

1879. Herman Le Eoy Fairchild, Eochester, N. Y.

1879. Friedrich Bernhard Fittica, Marburg, Germany.

1885. Lazarus Fletcher, London, England.

1899. Eberhard Fraas. Stuttgart, Germany.
1879. Eeinhold Fritzgartner, Tegucigalpa, Honduras.

1870. Grove K. Gilbert, Washington, D. C.

1865. Charles A. Goessman, Amherst, Mass.

1888. Frank Austin Gooch, New Haven, Conn.

1868. C. E. Greenleaf, San Francisco, Calif.

1883. Marquis Antonio de Gregorio, Palermo, Sicily.

1869. E. J. Lechmere Guppy, Trinidad, B. W. I.

1882. Baron Ernst von Hesse-Wartegg, Lucerne, Switzerland.

1867. C. H. Hitchcock, Honolulu, H. I.

1900. William Henry Holmes, Washington, D. C.

1890. H. D. Hoskold. Buenos Ayres, Argentine Eepublic.

1896. J. P. Iddings, Brinklow, Md.

1875. Malvern W. Iles, Dubuque, la.

1899. Otto Jakel, Greifswald, Germany.
1876. David Starr Jordan. Stanford University, Calif.

1876. George A. Koenig, Houghton, Mich.

1888. Baron E. Kuki, Tokyo, Japan.
1876. John W. Langley, Cleveland, 0.

1876. S. A. Lattimore, Eochester, N. Y.

1894. William Libbey, Princeton, N. J.

1899. Archibald Liversidge. London, England.

1876. George Macloskie, Princeton, N. J.

1876. John William Mallet. Charlottesville, Va.
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Elected.

1891. Charles Riborg Mann, Chicago, 111.

1867. George F. Matthew, St. John, N. B., Canada.

1874. Charles Johnson Maynard, West Newton, Mass.

1874. Theodore Luqueer Mead, Oviedo, Fla.

1892. J. DE Mendizabal-Tamhorrel. Mexico City, Mexico.

1874. Clinton Hart Merriam, Washihgion, D. C.

1898. Mansfield Merriam, South Bethlehem, Pa.

1876. William Gilbert Mixter, New Haven, Conn.

1890. Richard Moldenke, Watchimg, N. J.

1895. C. Lloyd Morgan, Bristol, England.
1864. Edward S. Morse, Salem, Mass.

1898. George Murray, London, England.
. Eugen Netto, Giessen, Germany.

1866. Alfred Newton, Cambridge, England.
1897. Francis C. Nicholas, New York, N. Y.

1882. Henry Alfred Alford Nicholls, Dominica, B. W, I.

1880. Edward J. Nolan, Philadelphia, Pa.

1876. John M. Ordway. New Orleans, La.

1900. George Howard Parker. Cambridge, Mass.

1876. Stephen P. Peckham, New York, N. Y.

1877. Frederick Prime, Philadelphia, Pa.

1868. Raphael Pumpelly, Newport, R. I.

1876. B. Alex. Randall, Philadelphia, Pa.

1876, Ira Remsen, Baltimore, Md.

1874. Robert Ridgway, Washington, D. C.

1886. William L. Robb, Troy, N. Y.

1876. Samuel P. Sadtler, Philadelphia, Pa.

1899. D. Max Schlosser, Munich, Germany.
1898. W. B. Scott, Princeton. N. J.

1894. W. T. Sedgwick. Boston, Mass.

1876. Andrew Sherwood, Portland, Ore.

1883. J. Ward Smith, Newark, N. J.

1895. Charles H. Smyth, Jr., Princeton, N. J.

1896. Robert Stearns, Los Angeles, Calif.

1890. Walter Le Conte Stevens, Lexington, Va.

1876. Francis H. Storer, Boston, Mass.

1885. Rajah Sourindro Mohun Tagore, Calcutta, India.

1893. J. P. Thomson, Brisbane, Queensland, Australia.

1899. R. H. Traquair, Colinton, Scotland.

1877. John Trowbridge. Cambridge, Mass.
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Elected.

1876. D. K. TuTTLE, Philadelphia, Pa.

1871. Henri Van Heurck, Antwerp, Belgium.
1900. Charles K. Van Hise, Madison, Wis.

1867. Addison Emery Verrill, New Haven, Conn.

1890. Anthony Wayne Vogdes, San Diego, Calif.

1898. Charles Doolittle Walcott, Washington, D. C.

1876. Leonard Waldo, New York, N. Y.

1897. Stuart Weller, Chicago, 111.

1874. I. C. White, Morgantown, W. Va.

1898. Henry Shaler Williams, Ithaca, N. Y.

1866. Horatio C. Wood, Philadelphia, Pa.

1899. A. Smith Woodward, London, England.
1876. Arthur Williams Wright, New Haven, Conn.

1876. Harry Crecy Yarrow, Washington, D. C.
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ACTIVE MEMBERS

1914

Fellowship is indicated by an asterisk (*) before tlie name; Life Mem-

bership, b}' a dagger (t) ; Patronship, by a section mark (§).

*Abbe, Dr. Cleveland

Abercrombie, David T.

t Adams, Edward D.

fAlexander, Chas. B.

*tAllen,J. A., rh.I).

*tAllis, Edward Phelps, Jr., Ph.D.

*Ames, Oakes

Anderson, A. A.

Anderson, A. J. C.

*fAndrews, Eoy C.

f Anthony, R. A.

Arctowski, Dr. Henryk
Arend, Francis J.

t Armstrong, S. T., M.D.

fArmour, Allison V.-

*Arnold, Felix, M.D.

Arnold, James Loring

Ashby, George E.

Avery, Ledyard^

Avery, Samuel P.

f Bailey, James M.

Baird, Charles-

Baker, Hugh Potter-

fBarhydr, Mrs. P. H.^

*Barnhart, John Hendley

Barron, George D.

*Baskerville, Prof. Charles

Baugh, Miss M. L.

*tBeck, Fanning C.T.

*Beebe, C. William

Behrend, Otto F., Ph.D.==

Beller, A.

Beller, William F.2

f Bergstresser, Charles M.

*Berkey, Charles P., Ph.D.

Bernstein, S. S.

Betts, Samuel E.

van Beuren, F. T.

Bigelow, William S.

Bijur, Moses

f Billings, Miss Elizabeth

Bird, Henry-

Bishop, Heber P.

Bishop, Miss Mary C.

='=tBliss, Prof. Charles B.

Bliss, William H.-

f Bliimenthal, George

*Boas, Prof. Franz

Bohler, Richard F.

tBourn,W. B.

Boyd, James

Brinsmade, Charles Lyman
^Bristol, Prof. Charles L.

Bristol, Jno. T. D.

*§Britton, Prof. N". L., Ph.D.

Brown, Edwin H.

Brown, T. C.

*Brownell, Silas B.. LL.D

Burr, Prof. Freeman F.

Burr, Winthrop

*Bush, A^'endell T.

^Byrnes, Miss Esther F., Ph.D.

Camp. Frederick A.

*Campbell. Prof. William, Ph.D.

^ Deceased.
2 Member elect.
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*Campbell, Prof. William M.

Canfield, E. A.'

Cannon, J. G.

Carlebach, Walter j\Iaxwell

*§Casey, Col. T. L., U. S. A.

Cassard, William J,

Cassebeer, H. A,, Jr.

*tCattell, Prof. J. McKeen, Ph.D.

*tChandler, Prof. C. P., Ph.D.

§Chapin, Chester W.
*
Chapman, Frank M.

f Chaves, Jose E.

*Cheesman, Timothy M., M.D.

Chubb, Percy

Clarkson, Banyer

Clendenin, Wm. W.

t Clyde, Wm. P.

Cohn, Julius M.

Collier, Eobert J.

fCollord, George W.

Combe, Mrs. William

f Constant, S. Victor

de Coppet, E. J.

Corning, Christopher, E.

*Crampton, Prof. Henry E., Ph.D.

f Crane, Zenas

*Curtis, Carlton C.

Curtis, G. Warrington

*Dahlgren, B. E., D.M.D.

Davies, J. Clarence

Davis, Dr. Charles H.

Davis, David T.
*
t Davis, William T.

*tDean, Prof. Bashford, Ph.D.

f Delafield, Maturin L., Jr.

Delano, Warren, Jr.

Deschere, Harvey

Devereux, W. B.

De Witt, William G.

Dickerson, Edward X.

Dimock, George E.

Dodge, Francis P.^

f Dodge, Miss Grace H.^

*Dodge, Prof. Eichard E., A.M.

Doherty, Henry L.

Donald, James ]\r.

*tDoremus, Prof. Charles A., Ph.D.

*f Douglas, James

Douglass, Alfred

Draper, Mrs. M. A. P.^

Drummond, Isaac W., M.D.

*Dudley, P. H., Ph.D.

*Dunham, Edward K., M.D.

fDunn, Gano

fDunscombe, George Elsworth

*Dutcher, AVm.

*Dwight, Jonathan, Jr., M.D.

Dwight, Mrs. l\. E.

*Earle, E. B.

*Eastman, Prof. Charles E.

Eccles, E. G.

*t Elliott, Prof. A. H., Ph.D.

Emmet, C. Temple

Eno, William Phelps

Estabrook, A. F.

Evarts, Allen W.

*Eyerman, John

Fairchild, Charles S.

Fargo, James C.

*Farrand, Prof. Livingston, M.D.

Farrington, AA^'m. H.

Fearing, D. B.

Ferguson, Mrs. Juliana Armour

^Field, C. de Peyster

Field, William B. Osgood

Finlay. Prof. George T.

*Finley, Prof. John H.

*Fishberg, Maurice, ^[.D.

Fisher, G. Clyde, Ph.D.-

Follett, Eichard E.

' Deceased.
° Member elect.
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Foot, James D.

fFord, James B.

Fordyce, John A.

de Forest, Ilobert W.

Frissell, A. S.

*Gager, C. Stiiari, Ph.D.

Gallatin, F.

Galliver, George A.

Gardiner, Clarence Eoe

Gibson, E. W.

*Gies, Prof. William J.

*Girty, George H., Ph.D.

Godkin, Lawrence

Goodridge, Frederick G.

§Gonld, Edwin

§Gould, George J.

^fGrabau, Prof. Amadeus W.

*Gratacap, Louis P.

Greene, James AV.

Greenhut, Benedict J.

Gregory, W. K., Ph.D.

fGrinneil, G. B.

Guernsey, H. W.

Guggenheim, William

Guinzburg, A. M.

von Hagen, Hugo
Haines, John P.

Halls, William, Jr.

Hardon, Mrs. H. W.

*Harper, Prof. Eobert A.

fHarrah, Chas. J.

fHarriman, Mrs. E. H.

Harris, Alfred-

Hasslacher, Jacob

Haughwout. Frank G.

Haupt, Louis, M.D.

Hayner, B. A.

Hazen, George H.-

Healy, J. E.

Heller, SamueP

Hellman, Milo

*Hering, Prof. Daniel W.

Hewlett, Walter J.

Hintze, F. F., Jr., Ph.D.

Hirsch, Charles S.

*Hitchcock, Miss F. E. M., Ph.D.

Hochsciiild, Berthold

Hollenback, Miss Amelia B.

*Hollick, Arthur, Ph.D.

fHolt, Henry

f Hopkins, George B.

*Hornaday, William T., Sc.D.

Hotchkiss, Henry D.

*tHovey, Edmund Otis, Ph.D.

*Howc, :Marshall A., Ph.D.

Howes, Paul Griswold-

tHoyt,A.W.

fHoyt, Theodore E.

f Hubbard, Thomas H.

Hubbard, Walter C.

Humphreys, Frederic H.

f Huntington, Archer M.

Huntington, Prof. George S.

*Hussakof, Louis, Ph.D.

Hustace, Francis^

fHyde, B.Talbot B.

Hyde, E. Francis

fHyde, Frederic E., M.D.

Hyde, Henry St. John

*Hyde, Jesse E.

files, George

*Trving, Prof. John D.

*von Tsakovics, Alois

Iseliii, Mrs. William E.

fJackson, V. H.

*Jacobi, Abram, IM.D.

James, F. Wilton

f Jarvde, James N.

Jennings, Eobert E.

Johnson, Alice J.'

1 Deceased.
- Member elect.

J
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Johnson, Prof. D. W., Ph.D.

fJohnston, J. Herbert

*§Julien, Alexis A., Ph.D.

Kahn, Otto H.

Kaiitz-Eulenburg, Miss P. R.

*tKemp, Prof. James P., Sc.D.

jKeppler, Rudolph

Keman, John Deveraux^

f Kessler, George A.

Kinney, Morris

Ivohlman, Charles

*tKunz, George P., M.A., Ph.D.

fLamb, Osborn R.

Landon, Francis G.

Lang, Herbert

Langdon, Woodbury G.

*Langmann, Gustav, M.D.

Lawrence, Amos E.

Lawrence, John B.

f Lawton, James M.
' *Ledoux, Albert R., Ph.D.

*Lee, Prof. Frederic S., Ph.D.

Lee, Miss Marguerite T.

*§Levison, Wallace Goold

Levy, Emanuel

Lichtenstein, M.

Lichtenstein, Paul

Lieb, J. W., Jr.

Lindbo, J. A.

Lindsey, Edward-

f Loeb, James

Loeb, Mrs. Morris-

fLow, Hon. Seth, LL.D.

*Lowie, Robert H., Ph.D.

Lucas, F. A., D. Sc.

*Lusk, Prof. Graham, M.D.

Lydig, Philip M.

McCarthy, J. M.

McGregor, James Howard

*§McMillin, Emerson

fMcMillin, Capt. Marion-

McNeil, Charles R.

MacArthur, Arthur F.

Macy, Miss Mary Sutton, M.D.

f Macy, V. Everit

Mager, F. Robert

Mann, W. D.

Mansfield, Prof. William

Marble, Manton

Marling, Alfred E,

t Marshall, Louis

Marston, E. S.

fMartin, Prof. Daniel S.

Martin, T. Commerford

Matausch, Ignaz^

fMatheson, W. J.

f Matthew, W. D., Ph.D.

Maxwell, Francis T.

Mellen, C. S.

Meltzer, S. J., M.D.

Merrill, Frederick J. H., Ph.D.

Metz, Herman A.

Milburn, J. G.

Miller, Adam M.^

Miller, George N., M.D.

Millward, Russell Hastings-

Milne, Clyde^

f Miner, Roy Waldo

Mitchell, Arthur M.

Mitchell, Westley C.^
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