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- A GRAPHIC METHOD TO AID SPECIFIC DETERMINATION )
OF FUSULINOIDS AND SOME RESULTS OF ITS APPLICATION
' TO THE FUSULINZE FROM N. CHINA.
WITH 2 PLATES AND 20 TEXT-FIGURES:

B\’ 1.8 Les (¥Et HR)
Professor of Geology in the Natlonal Univm'sity, Peking.

Informa.t.lons regarding the character and distribution of the FO].‘B.IIJ.I.-
fara. under discussion have so richly accumulated in recent years and'are so
widely scattered that & coordination of the esiablished facts or an adjustment
of different views would seem a step that, if it does not in itself, reveal new
points of interest, is cerlainly necessary to peve the way for further research in
a land like our own where the former seas wers once swarmed with: theso

. organifms.  The nedesity is all tho more acutely felt when .onp is not

disposed to appreciate those sharp criticisms a8 now and again appear in
palmontological literature against the negligence or ignorance of the prior
published resnlis'*),  Criticism of that kind might be easily avoided .if
knowledge were brought together in & WHY more accessible.

With o limitted librery it has been practically impossible. for the

unfortunate . stndent of these  animals like the present writer, to start &

gystematic survey of the literature with desired thoroughness. Nevertheless
an attempt had been made to gather together direcily or indirectly the gist of
the more important contributions relating to the structure of these fossils, and
to assign to them, &3 near as possible, their respective value. The resnlts thus
obtained were formulated in a previous paper read by title at the First Annual
Meeting of the Geological Society of China, and-are gubstanﬁa]ly embodied in
the present communication, This is the reason why the scope of this paper
may appear o have extended slightly beyond the limit than its title would
legitimately cover. _ .
() General discussion on the Methods of Research and Terms Jor
Fusulinide with o Critical Review of the more Importani
Resulis formerly obtained,

(1) H. Beaff, Palmntograph:m Bd. LIX, pp. 186-181; et Bull, Geol, Inst. Upsala, Vol,
X, No. 19-20, 191011, p. 111.
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Although s early as in 1829 Fischer v. Wadheim!!’ publizhed &
somewhat detailed account of Fusuling it was not until the appearance of

‘the results of Moller's ressarch (1877-1879)(® in palmontological literature

tbat the internal structure of this group of Foraminifers and their kindred
forms was made known to any extent. -‘There is much {o be attributed to.',
Mbller's detailed observations; but the chief merit of his study seems lo lie

. tather in his systematic application of the method of thin-sectioning to an

ample yuantity of material that was then available t6 him, Sinee that date
the'method of thin-sectioning became more-and more widely adopted with the
rosult of rapid promotion of our lmowledge regarding these highly specialized
Foraminifera. We recognize to-day dt least six- distinet groups of these
animals: 'They are Pusulinella, Pusuling (Schellwienia), Schwagerina,
Dolioina, Neoschwagering, Sumatrina. Such formd like Schubertella,
Girtyina, ‘Verbeckina Yabeina, for the reason of their intermediate
character, being left out of account. . “ s

The method of thin-sectioning, powerful as itis, is not incapable of

further improvement. It has been the main object, and at the same time the

difficulty for the student of thess minute fossils o obiain an axial or a
longitudinal section and an equatorial or & fransverss (mediah) section of one
and the same species. Having obtained such sections or at least when it is
believed that such sections are obtained the reconstruction of the entire
“tskelaton’” of the animal is then atlempted by an exercise of imagination.
This method of treatment obviously'implias firstly, that all tho obsurvable
properties of the animal can be reconstructed on the bagis of the iwo sections,
and no single féaturs as appears in the thin-sections will pOSiblj;' lead to
different interpretations of its three dimentionsl character; secondly, that we
aro absolwely sure of the two sections being derived from one and the same
gpecies. In practice howover ihese can by no means be freely admnitfed.

(1) Pischer v. Waldheim, Ueber Fusulina, Bull, Soc. Imp, d. Naturalistea d. Moscon.

T T, p.o82e

{2) V. v. Miller, Ueber Fusulinaund aehnlische Foraminiferenformen des Ruasiechen
Kohlenkalka, Neues Janlb. f. Min. Geol. u. Pul., 1877; Die Spiral-gewundnen
Foraminiferen des Ruossischen Kohlen-IKalks, Mém, Acad. Imp. 8e. St-Petersbourg,
VII gbr, t. XXV, No. 9, 1878; Die Foraminiferen des Russischen Kohlenkalks,
Mém. Acad. Imp. Sec. Stpelersbourg, VII sér., t. ZXVII, no. 5, 1674,
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Discussions!!? regarding tho pressnce or absence of the basal skeleton in.
Vebeekina, and the allsged possibility(s? of attaining .a section characteristic
of “Schwagmna verbeeki” by a suitable orieniation of Schwagmm printeps
are mmhng cases that illustrate the unavoxda.ble consequenced involved in
the first assumption. Tn looking through the published micrcphotographs snd.
specific dascnptmns' it is invariably to be noticed that -the authors tacitly
assume -the specific identify of the longitudinal and transverse sactions which
they regard a9 belonging to one and the same species. Trus, there are cases
where the specific’ identity is almost self-evident, and needs no farther
demonstration; but there are again cases where it is equally obvions that the
gpecific identity is far too problamahcal as to bo a.dmltted on & coup d’oesl

Whnt appears to.be & more adequate method i is to make two gories of

: parallal sections through the same individual—a met.hod which may well be -

resorted to especmlly in determining the true nature of such dublpus paris like
the dark spots that are seen in the longitndinal section on the lower fringe of

e “septa’ of Schwagerina princeps ScmwaeER(®), TFeatures of similar
descnptmn sometimes appear in thin saclions without revealing any .obviously
attribotable gignificance, and may yet prove o be -of vital ° importence for
Iocating the phylogenic position of the animal.

Starting with a whitish speck that appears on a polished surface of
a rock, We may begin to prepare, by proper orientation and adjustment, the
first geries of sections parallel to the axis of the whorl until the true axial
section is obtained. Observations can be made by means of reﬂected light
while the preparation of the sections is in progress. The second series of
sections must be taken perpendicular to the axis of the whorl, that is, parallel
to the median (iransverse) section. These sections of half of the test are again
duly examined by reflected light until the median section is reached, and
reduced so' thin as to permit the examination by transmitted light, As ihe

{1}y H. BLaﬂ' Beitrilge zur Kenntnia der Fuzoliniden, N, J. {. M. @, u. P.. Beil. -Bd
XX.VII, bp. 471-472, 1509,

(1) Y. Ozawa, Preliminery notes on the Classification of the Family Fusulivide (in
Jupanese), Joorn. Geol. Soc. Tokyo, Vol. XXI1X, No. 348, 1922, pp. 362-885.

(2} M. H. Hayden, Fusolinidee from Afghanistan, Ree. Geol. Sar. India, 83, 1808,

3 C. &hwuger. Carbonische Foraminiferen aus China u. Japan; China, Bd. 1V, Pl
XYII Fig. 1 ’
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axis of the whorl devistes only sliglitly from the axis of pseud-symmetry for
the overwhelming majority of Fusnlinid® the loss-of half of the test through
the proparation of the sections parallel to the axis would not materially
hamper our observation on the sections perpendicular to the axis. Difficulties
however sometimes arise in connexion with the'application of reflected light.
But they are mot ingarmountablo. The writer has found in certain kind of
rocks for instance, the Chientaokou Limestone of Taiyuan, Shansi, which is of
earthy composition and fissile character, the use of reflected light actually
furnishes & clearer image of the minute parts of the fossil than what is
revesled under transmitted light. For Fusuling embsdded in pure limestones
it-is ag & mle possible to rerder the minute structares sufficiently clear for .
oheervation under reflected light if the polishing is carried. to a degiee of
fineness. Only in rere cases when some suitable etching or ‘staining reagents
are neaded. As the reagent to be used depends not only on the compumhon
but also on the texture of the rock in which the minute fossils are embadded
no general rule can be laid down

" Having once established the spectﬁc or generic chara.cters as thie case
may be, it iz not necessary to go through the complete process for-the

jdentification of a given specimen; for the axial or the equatorial sections

would then carry more definite meaning than they would otherwise do.

This method of treatment has enabled the writer to determine with
confidenca, the shape of the téat, the type of fold and the height of the
so-called septa, of several specin:;ens of Pusuling. There seems no reason why
it caunot be applied with ﬁ.dvantage to illusidate some of the ill-understood
parts in the h1gher forms.

Turning now to the-galient structursl features of the various types
of Fusulinidse. Inssmuch as some of these features are more or less involved
in our present discussion a brief summary of the, more important observations
made by different authors in the past may not be cut of place. . It istobe
noted at the ovtsst that the constitution of the circumferential or spiral wall of

. the chamber is, as already shown by Douvills,¢!) Staffl and others, non-porous

(1} H. Douvillé, Les Cnlcuires 4 Fusnlines de 1'Indochine, Bull, Boe, @éol. France, 4o
ofr, & VI, No 7, 1606, 680.
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&mughmt the family Fusulinide, and consists of a honey-combrd ‘rame-
work for which {be author proposes the name macnla,? covered externally
by a thin plate, the “Dachblat{” or “lame spirale’ of German and French
writers. In the absence of an equivalent English term, the writer ventures
to call 1t the tectum after the German term Dachblatt -

The true pature of the so-called septa is howaver a. pomt that requires
further illamination. Some of the forms like Fusuling secalis (Gmm' em.

" Srar®) and Schwagmna princeps peem fo possess porous “septa’’ a8 shown

by Schellwien and Btaff; %) while others yield little’ or no trace of such poTes .
when tangential sections are _made .and examined tnder 8. high powered

_microscope. ‘The - writer has found in Fusuling varigie n. &p. and other.

gpocies that tho appsrent pores, though muostly | somewhat larger than the

inter-space ‘in the honey-comb of the macals, merge into the Iatéer space in

the region where the wall beging to bend inwerd. Turther investigaﬁoﬁ
soems to bo noc;emry before the porous nature of the ‘‘septa’” can be admitted
s & fact. . : 1

The so-called septa in gll Fusuling and the *“‘primry septa’”® in the
hlgher forms are but anterior, mentra.nt continmation of the walls and therefore
they cannot ke regarded as septa in the true senee of the term such as used in

. the Anthozoa. Dr. Girty séems to object this term, for he calls them the

radizl walls.? As the result of & disrussion with Prof. A. W. Grabau the
decision was arrived at that in order to avoid confusion and misconeeption
the terms, wall and septa, for this group of animals should be replaced or
partislly replaced by more suitable ones. We propose to call. the walls, both.
radial and spiral collectively the theca, the superior or the-spiral portion the
gpirotheca and the radial or anterior portion the antetheca which ig equivalent
to the old term sepia.

In Fusulineils and the lower forms of Fusuling the theca usually
consist of a single layer of tostaceous substance, namely the- tectum, while in
the higher forms of Fusulinide the theca or at least the spirotheca are

{1) From the fact that it presents a spotled or irregularly reticulate appearance in the
tangential section. !

{2) H.Gtafl, Palmontographica, Band LVI, p, 152, idem,, Band LIX, pp. 187-168

(8} H. Yabe, A Conl.nhutmn to the Ganua Fusulina, Jour, Coll. S¢. p. Uni. Tokyo,
Vol. XX1, Art. B, p

(4 G.H. Guty. The Guadalupmn Fauna, T. 8. Geol. Burv. Prol. Paper No. b8, p. 83.
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mostly composed of two layers of testaceous sitbstance, the inner one being
called the macula and the cuter one the tectum.

Partitions or hanging walls of d1ﬁarant nsturo appear in Neosch-
wdgsi‘im snd Sumatring. They seem to bave daveloped, at least in.some
cases, by the enlargement and prolongation of the dark olab-Tike bodies. (seen
in seciton) which form the sapport to, or pendant from the tectum. These
partitions including the antetheca proba.bly served the animal similar PUrposes,
bat it is obvious that they have arisen from differsnt origin. If the term septa
is to bo used at all these over-hanging partitions or semi-partitions would
certainly seom {o have the pre[arentin.l right to- claim such a name, for they
forma systam of frame- work, like the doable bottom of a ship, dividing and
sub-dlndmg & chamber into ohn.mberlets They are in certain respects
equivalent to the antethecal foldsin Fusulina. As they are mere attachments
to the tectum they probebly do not indicate intervals of arrest in the forward
growth of the animal as seem to be the case with the formation of the antetheca.

The septa thus defined may run in the direction perpendicnlar to the
axis of the wborl, they are then called the transverse septa, or may run
parallel to the axis of the whorl, they are then called the longitudinel septa.
And again they may extend from the inner side of the spirotheca downwards
until they coalesce with the protrusions on the tloor of the chamber, namely,
the *‘basal gkeleton”. These may be termed the principal septs, while the
Yossor omes which only reach half way down the chamber are called the
auxiliary septa.

In Fusulinella, Fusuline, Schuagering and Doliolina there are mo
true septa. According to H. H. Hayden,!!? iransverse sopta alone are found
in a certain form for which ha proposes the name Cancellina. In Neosch-
wagerina principal transverse sopta always present being accompenied only in
rare cases by auxiliary transverse septa. On the contrary, the longitudinal
septa in Neoschwagering aro, as s rule, auxiliary. Only very rarely do they
goem to have developed to principal septa, that is, to form & complete partition
more or less parallel to the anletheca. It i3 only in Sumabrine of the type of

{1) loa. cit.
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< §. multiseplata Deprat (! that complete development of principal aug auxiliary

septa both in the longitudinal and transverse direotions seems to have beeix
accomplished. '

An idenlized disgram ehowing the
highest development of Foaull-
nlde,

T. antstheea

. DL Principal longitndinal septa

Al Avtllisry longitndinat eepta,

Pt. Principal transveree n_apta.‘

At. Anxiliary transverss septa.

P. Lateral passage.

M. ‘Buceal aperture.

 Bhe lmceal aperture, or simply the aperbure, is the opening 1n the
lower part of the antetheca and also of the principal longitudinal septa if the
latter present. The opening may be simple being then situated in the
equatorial position, or may be multiple consisting of & sorios of slits arranged
in the longitudinal direction. Each of the glit leads to & secondary chamber
formed either by a projecting ridge on the floor, the basal skeleton, as in
Dolicling, - or by principal transverse septa es in Neoschwagering and
Sumairing. QOpenings are also present in principal trausverse sepla serving
a3 6 channel of communication from secondary chamber to secondary chamber
in the longitudinal direction. These are obviously physiologically as well as.
giructurally necessary. Tbey might be termed the lateral passages as disting-
uished from the buceal aperture. '

These structural features, namely t.ha‘ presence or absence of fulds in
the antetheca, of the tasal skeleton, of the auxiliary or principal sepia in the
longitudinal and transverso directions together with simple or multiple nature
of the aperture provide the bases for the determination of the leading types of
Fusuliids. Tt is not a matter of sericus concern whether we treat such types

(1) J. Deprat, Etude géol. d. Yun-nan Oriental, I1le partie, p. &4, pl. ILI Fig. 2-5.
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ag sub-families or genern. Usually thero is little difficulty in attributing a
given individual of Fusulinid2 to a particular type, but it is not always casy to
determine the specific characters which must be found in the minor variations
within & given iype. This is especially the case when we come to deal with
Mims;'for. giracturaily there is in them bat little variation.

In disoussing the forms of Foraminifers in’ general, Douvills(:’
makes a just raﬁiark'thnt_thé morphological diversity of the test of these
primitive animals is conducible to & simple law, ramely, uniform growth
with uniform disposition, This however does not explain the varicus struc-

tural types of Fusulinide. If we were to offer an opinion to spplement

Douvillé’s view nothing would seem more natural than to presupposs that the

- glructural strength is one of the most imporiant factors that have determined

the development of this particular group of Foraminifera.

Btarting from Fusulinells, we see two ways of adaplation possible in
order to attain the necessary sirength for the inoressed size of its fragile test;
namely, by folding its antetheca, as.Athmonoids have done in the development
of complicated spture, or bjr addition of some frame-work or &' system to
frame-works. ~Nature has taken both of these Courses. Fusulina represents
one branch, and Doliolina-Sumatring represent the other. Granting this
view, we can readily seo why it is necassary for Fusling to dévelop folds
in the antetheca, and for Doliolina and Neoschwagwering o &eve]'op sepla;
for, as already remarked, the latler serves the same structural purposs as the
former. Even the bulging of the free end of ihe auxiliary septa and
sometimes of the antetheca to a club-like shape:as seen in a transverse section,
becomss intelligible on this view, for such would be the most economjoal
distribution of a given quantity of matter t» obtain the maximum resistance
against siress and strain. ' -

Further, & consideration of the external form of Fusulina along
similar 'lines may yet yield some important results. In tracing the develop-

- mental history of the arcuale forme of Fusuling, for inslance, we may

naturally be led to assume the exisience of a form that had developed to a

{1} H. Douvill§, Evolulioh et Enchatnements des Foraminifires, Bull. 8oc. Géol, France,
4o sér. t. VI, fase, 7, p. 680,
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eonsiderabia length; and on that account, it had gradually to adapt an arcuate
form 50 a8 to minimize the chance of fracture across tho middle part of the
b:ﬂy, which is the wéakesg part in the test especially whon elongated. Such
aﬁnprmhlljr long forms do actually exist, e. g. Fusulina cxiense and Fusuling
longistima th@h further evidence is needed to prove that they are the
ancestors from which the arcuate varisties descanded. Nevertheless this lirie
of argnment can provide us a begis for delineating at least two branches of
organisms in the pedegree of Fusuline: The one, as rapi‘oseﬂtad by Fusuline
secalis, largely remained in the form of their ancestor, Fusulinelis, namely
sab-globose and the other, as represented by Fusulina extense, namely
elongated, leading up to the highly specialized varieties with an arcuate test.

~ For a lopg time it hns been tacitly assumed and in some. cages
definitely stated that the line of evolution of the family Fusulinidm runs from
Fusulinella to Fusuling then to Schwagerina, Neoschwagering and so forth(?),
The assumption i8 not allogether unfounded on facts, and p.arta of the
amuh:pﬁon_l may now be well considered as established facts, Baut in it there
are parts that are founded on too frimsy a basis, It would not be to.the point
of our present discussion, if we were to attempt a complete solution of these
genetic problems at large. " In passing, it may however be noted that it is
practically certain that Fusulineils is’ the commom ancestor of the whole
family of Fusulinidse, that Fusulina is directly derived from Fusulinella, and
that Dolioling, Neoschwagerina and Swmairing constitute an independent
branch succeeding one another.!®? Transitional forms between Fusulina and

. Schwagering are mid to exist under the names Schwagerina fusiformis

Krorow and Schwagering fusulinoides SomELLw. In the former however
there is to bo observed in a poor transverse section,!® save the somewhat
upusually thick spirctheca, and perhaps some irregularities in the antetheca

{1} It is to be regretled ihat the writer bas not had the oppﬁrtunity to refer to the
dis¢ussion on the development of Fueulinids by H. Sitaff while writing these lines.
{Beitriige zur Eenntunis der Foecliniden, N. J. £. M. G. u. P, Beil.-Bd, XX VIT, 1009)

{2) The fact may bo mentioned here to sapport this view, that iba writer arrived at this
opinion without any previous knowledge of what has already been expreased by Deprat
concerning the direct descendance of Schwagerina from Fusulinella {(Mmoircs du Bervics
G&ol, de PIndochine, 1912, Vol. I, Fasc, [11, p. 72}, and by Siaff the direct descent of
Verbeeking fromFundinedia (Bull, Geol. Inatre Upealn, Vol, X,p.114)

{3 Pelmontogrophics, Bp 11X, p. 178, Fig. &.
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fow characters thet deviate from Sthwagerina of the normal iype; and in the
lattert" the fact that the inner volutions possess a semblance of character of
Schuwagerina with the outer ones approaching the form of Fusuling would
rather tend to show that it represents the tramsition from Schwagering to
Fusuling rather than the reverse. In other words, it wonld be more properly
viewed as & case !.llustmh.ng the adaptation of some form of Schwagering to-

" 'a Fusilineid type perlaps Ly foree of circumsiances. It seems highly

probeble that }nth-Fﬂsquﬂa and Schwagering are direct descendants from
some advenced form of Fusulinella through parallel dovelopment,

With. due sllowance for the possible influence, played by changed

- environment;- it . would slill scom a strange anomsly, in view of the law -

governing the direction. of mutationd? commonly ohserved by varicus and
varying organismd if these Foraminifera whose common ancestor equipped
with straight antetheca, would first adapt numerous folds in their antetheea
as in Fusuling, and then return 16 their original form, namely with straight
antetheca as in Do!‘io!iﬂa. Neoschwagerina, ote., or would first alter their lest

- from mb-spherida.l {o elongated and then return to their original sub-ipherical

form. Even in Tricites'® of Dr. Girty which are noted for their unfluted

-;!.ntat.hpa.' and -strongly inflaie form, folds are mnot absent; and indeed their

association with Fusuling ceniralis and other facts seem to indicate that they
too, probably tend to elongate in the axial directivn. '

Leaving now the disscussion on the outstanding features—largely
strectural—of the leading types of Fusulinides, and their phylogenic relations,
we, may deal with problems that would arise in connexion with specifio
determination within a particular type of Fusnlinid®. As Fuguline are widely
distributed in N. China (see Fig. 20), it has heer anticipated thata careful
determination of these fossils may atford us a rigorous means for correlating
the strate in which they are found. Under thess circumstances we are led io
pay more attenlion for the presont, to Fusulina than o any other group in the
family. '

(1) Palmontographita Bd XLIV, pp. 259-860, Tnf. XX1, Fig. 2.
2) M, Noumayr, Dic Btamma des Tierreiches, Bd. I, pp. 60, 81, 1859.
2) M. F- Oshorn, The Continnous Origin of Certain Unit Characters as Qbserved by &
Paleoniologist, Harvey 8:c. Vol., Nov, 1812, pp. 153-B04.
{3) Q. H. Girty, Tricites, B new Genus of Oarboniferous Foraminifors, Am. Journ. Be,,
EVIL 1801, pp. 284-240.
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Agpin our- consideration would resolve itself into two wspects:
structural and morphological. Depfat has attempted a system of classification
of Pusuling largely based on the structural types of the anietheea. This
simple and ‘epparently natural clasification, if testified by a sufficiently large

" body of facts, would pjrov';"e 1o be the most comprohensive and practical. But

wheh we come to the facts it appﬁars: doubtful whother the five. typed of
antet.héca.(_” are each represented by any number of individusls, and whether
tixay aro at all of taxonomic value. And indeed it would seem & dangerous
liiqppsit{on to dwell on & cerlain feature that happens to fall in our
observaﬁoﬁ, as s property of sub-generic or specific value, for the simple
reason that we.do not know what are the more important characters that
betray the natural history of these animals whese mode of life we are as yet
ignorant of. ‘ ' '

Apart from thete somewhat hypothetical variations in the antetheca
fow structura! differences are detectable in various species of Fusulina. We
are then more or less compelled to direct our attention to the morphological
agpect. Morphological variations it the test or parts of the test are observable
throughout all forms of Fusulina. But the differences are in many cases: 50
glight that unless some method of precision be adopted to record the facts it
wouald be of no avail either to specific determination or to illusidating the

developmental history of this group of Fusulinidre. This is especially so
when we have & Jarge mass of material to be dealt with.

_ Formulee like that for the cyelocentric conchogpiral,'*! may be
applied by way of atiaining precision, if they bo found to hold for a particalar
gpecies or a group of species, And undoubtedly these are of high theoretical
interest for morphologisis; but for specific determination, the formulw
themselves demonstrate that they can serve no practical purposs.

(1) J. Doprat, Elude Géo), 4. Yunman Oricntal, Mém, Serv, G380l Indochine, Vol, T, Fasc
III, 1912, p. 8.

(2 C. F. Maumano, Ueber die Spiralen der Conchylien, Abb, bei Baogriindung d. kbnigl.
giichs. Gesellsch. d. Wissenschaft, 3848, pp. 161-108. Ueber die oyclocentrisohe Con-
shospirale otc., Abl, d.-mathem.-phys. Clasaz d, kbnigl. sicha, Gesellsch, &, Wissenschatt,
1858, Theil I, pp. 188-105.

A simplifled formuln for eyclocentric conchospiral is quoted in the following page.
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Another way to approach tha same goal is to plot the ‘‘sepla.
diagrams"”. These have been shown practically useful when & comparison
belwoen different and yet allied forms becomnes necessary. This method is
however open to the criticism that the diagram indicates only the number of
antetheca in each volation, and the comméncement of each wvolution is
generally taken in a more or less arbiirary way. When plotted on & strict
mathematical basis, the enrve appears in the form of series of discontinuons
straight lines, From such a disgram, it appears as if, at certain gtages of its
ll.te-hmhry the animal suddenly alters itg mode of growth, if the formation of
a gingle chamber or the aniethecs represents, as it probably does, ono definite
step in the history of its development. Sch a ,sudden change does not seem to
be a natural state of things, and therefore no discontinuity should appear. in
diagrams even if they are constructed for a specific purposs.

After a careful survey of the more slient features of Fusuling, it is
possnble to estab]mh 8 number of criterin which ‘must come into our
consideration in connexion with speclﬁc detenmna.tlon They are,—~

(1) Longth of the radius vector at any point of the cuter surface

. ofthe spirotheca. This will incidentally indicsto the height

_ of each chamber. ‘

(2) Axial ratio, namely the ratio of the radios veetor to the axial

© " length at any point on the outer surface of the gpirotheca,

(8) Thickness of the epirotheca at all stages of its growth,

(4). Cumulativo number of antetheca at all stages of its growth.

(5) Number of volutions i the complete tast. This is also indicat.
ed by the vectorial angle.

Continved from fostnote (2) on the previous page
8
2
p —1

a

r=a-+4—

r—1

where r= radiue vector for the spiral,
& = radiug of centrai chamber,

a= height of the epiral at the end of ila first volation,
p= quotient of rovolntion, or the ratio between the halgh'la of the
aueceeding chambers in the samo vectorial direction,
© = anple described by the radius vector,
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(6) Form and dimonsion of the embryonal or central chamter or
o system of chawmbers,

(7) Type of fold of the antetheca,

(8) Structmal and morphological peculmntma in the region where
the spirothecs transforms itself into antetheea.

{9)" Porm and position of the buceal apertare.

10) Axisl curvatare of the tast, or any lrmgu]a.nty in form salong
the axial dmechon.

It will bo scen at once that a random enumeration of the . facts
indicated above, or a formidable display of tabulated measurements as
hitherto has been the practice with 'the authors who have deéalt with these
forms, lacks of that precision acd lucidity which are called for at onee in
compa.ratma studies. A glance at sumo of the tabulated results that the
wriler his obteined (see p. 66 table I, p. 80 ta.bla 1T} will show how futile

it is to gather the requisite information direetly from such tables especml]y
when a large namber of them are in v:aw.

To overcom¢ these diffeulties it seems far better to make use of a
graphic method.  As will appear in the following pages, by a series of curves
not only the salient features of each species are vividly brought out in contrast
but far reaching resnlts mﬁy reveal themselves when n larfe numbor of data.
have been thus represonted.. We may, for instance, hope to trace the order
of variation from one species to another by a careful correlation of the culr-.vea
representing homologous features of different species.

At least five out of the ten favtors mentioned above can be indicated,
with accuracy, on a diagram. Let the vectorial angle and number of
volutions be first marked off on the opseissa, then the values of the other four
factors as ordinates. Thus we oblain four different curves for each spacies.
In order to fncilitate comparison it would be best to stipulate a-definite number
or a symbol for each curve, and to adopt a definite sealo for ail species to be
thus represented. As it is inmaterial as to how the eurves may be labeléd we
may, by way of a mnoemonic suggestion, letter
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‘the curve for radius vector by T,
that for axial ratio by f,
that for thickness of epirotheca by L,
{bat for cumu]a.tiv_a Iriur_nber of antetheca by ‘ .

Experience shows that if we ta];a‘b.l mm. as the unit for radiud
vector, 0.01 mm. or 10 ¢ ns'the unit for the thickness of spirotheca and 10 as
the unit for the cumulative number of antetheca, then all these curves will
arrange themselves in a convenient proportion ftogether with that for the axial

" ratio which may be plotted on the natural seale.

"8 far we have only discussed the graphic representation of Fusulina.
It may be incidentally remarked that the application ‘of this Tethod can be
extended to Schiwagerina without any modification. If is only when we coma
1o deal with the higher iorms such as Doliolina, Neaschwaganna. atc that
other morphologicsl characters must be takan into account for tl'leee we are
however at present not cénesrned. ' ' ;

(ii) Deseription of the more common species of Fusulina from four
I.ocai‘mes of N. Chma u

From morphological as wall a3 Btructural considerations all the
Fuadima from N. China so far examined by_ the writer can e divided into
threa d.lshnctly dlﬂ'arent types:—

(8) Those with short and strongly arched test a.nd thiek spuotheca,
being typically ropresented by
Fusulinag vulgeris SCHBLI-WIEN 8 sir

(b) 'Those with alongated or even arcua.ta test and rela.h?el_y thin
) gpirotheea ; antetheca folded in aregular manner. 'This group
embraces the foilowing forms: —
Pusuling tenuissima SCHELLWIRN,
Fusuling longissima nov. var. area.
Fusulina californica STARF,

Fusuling elongate {=extense) nov. ver, minerss,
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Fusuling vernuili of. var, sapperi Sravr,
Fusulina pusille SoreLLWIRN,
(c) Those with their inner volutions rather inflate -“'hi]B the ouber
'ones tending to elongate ‘along the axial direction; spifétﬁeca
- of medium thickness; antethecal [olda rather n-ragular‘ being
" only represented by

Fuguling varicia n. sp.

FaurLy FUSULINIDAE Moures
GENU3: FUSULINA FIBOHER
FUSULINA FULGARIE SOUELLWIEN
P‘I I -F‘lg"' 1 2-l
Fusulina vulgerix 8. str, SCAELLWIEN. DYHBELFURTE. Palltomogmphwa,
1 VI BAND, pp, 163-184, Taf, X}V, Fig. 1-4.
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Fig. 2, :
External form of 5
¥, vnlgaris X5 ¥
' 3
L
!

Vectwidangle- ' 21 3 4T . @ T s W w1 oo @
Volutlan I ] K K T n
Fig. 8.—Curves showing the properties of F. vnlgaris; for referenco
ol r, 8, t, n and ecales of ordinates sea p. 4.

DracNesis:  Test strongly arched in the median part sloping steeply

towsrds the poles which are often slightly extended and rounded off in the

form of a papilla. Dimension of the complele tost veriés only slightly frcra

individual to individual being on the average 5.4 mm. X 3.5 mm,

Tho half-moon shaped sperture can be seen in most of the indivi-
duals, reaching sometimes more than half the height of the chamber.
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TABLE 1.
Moasurements for Fusuling vulgaris
No, of voluticn. I II III IV Y VI
Veetorial angle. r 2% 37 4« bw 67 Tx 8w 9x 107 1ix
Arxial length (L).  0.55 0.66 1.11 1.35 1.93 2.33 2.98 .49 3.84 4.29 5.22
| I, ’
Radine vector (R).  0.14 0.19 0.31 0.43 0.68 0.83 1.02 1.22 1.431.65 1.89
mm.
. L _ _
Axial raiio - 39 36 3.6 51 2.8 28 29 2.8 27 26 28
LR .. .
Comulative no. of 5 12 19 29 37 50 63 82 104
antethecs. ' :
Thicknesa of apiro- 28 39 50 61 73 83 94 109 122 122 90.
: theca , .
Number of volutions 5 to 6.
Namber of antetheca fairly large, aud increases with rapid rate
towards the outer volutions. . .
Antotheca strongly folded in a rather irregular menner. The thick

spirotheca with & coarse macula stands cut in stiking contrast tv the thin
antetheca which is barely supported by the honey-combed substance.

Each chamber is-added to the preceding one
in & remarkably smooth manner so that few furrows
can be seen on the external side of the test.

The rapid increase of the height of the Fig. 4
chamber as well as the thickness of the spirotheca A Part ol s transverse
- ; . . L. section of F. wudgari
in the first three or four volutions is highly chara- Showing ita thick and

i . < - sl Coarse mpirothecz and
cleristic of this species and all of ifs varieties—a fact (hin antetheca; highly
clearly brought out in the diagram (Fig, 3) ' maguified.

Central chamber almost perfectly spherical, formed by a thin wall,

and varies very little either in form or in size. The average diameter
measures at 0.09 mm,

Remames:  Little doubt can exist as to the identity of the present
form with the Darwas species already cited. ‘The samo form under the name
Fusulina philipsoni ScBELLWIEN is said to occur in Asia Minor. ‘This
however yet remsins to be verified. If wo only consider the form of the test,
the thickness of the spirotheca and antotheca, and the form and size of the
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central chamber, Fusulina w!g.raria is hardly distinguishable from the globose
variety of Fusuline secalia (==Tiricites secalicus GIRTY) but the presence of &
pair of somewhat divergent- basal nng-s together with the akbsence of marked
antethecal folds from the modian region in F. secalis affords an unmistakable
distinetion between the gpecies in question and the American species. Some.
of tio Russian forms like F. milleri and F. krotow: cortainly show a BtrOng
affinity te the present species; the former, however, useally exhibits higher axial
ratios especially in t.ha outer whorls; and in the latter the a.ntetheca. are folded -
in a more regular manner, and the whorls are somefimes mom numerous,

Occurrexce:  F, w!gan.s occurs in abundance in the lu:nestones
mterea.la.ted in the coal: -bearing serws of S8ha Ho Hsien, 8. Ohihli,
FUSULINA TENULSSIMA SORELLWIEN
Pl II Fig. 1.

rusnding tenuissima Bl:nu.m Palmontograplica, ILIV Bond,
PP, 266-257, Taf, XIX, Figa, 7a, T Em

thusuling cayeusi DerrAT: MéEmoires du Serv. Géol. de V'Indochine, Vol 11,
Fase. I, p EI]B-IQ Fl. W Figa. 1-10. Ibid., Vol. IIf, Fasc. I, pp.

- 1416, FY,

. Fig. 5.—External form.of F. tenuissima, Xb.
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Fm 6.—Curvey ghowing the propecliea of F. tenuimimu; for relerence of a,r,t and
scaled of ordinates sce p. 64,
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Dracnosis:  Test cylindrical to sul.:»cyli.ndrica.}, usually develops a
very gentle axial curvature; poles stumpy and rounded; Dimensions
8mm X 2mm on the average. '

_ Apert:u:e very small; Eeml-cmcu]ar in tho inver voluhons, but
extends to a considerable width in the outer onet

Number of volutions usually 6, tarely 7; closely coiled.

Antethecal folding intense but regular, almost runs throughout the
entire height of the antetheca whmh latter nea.r]y covers the full height of
the chamber. Evan in the nmghbou.rhood of tha ‘aperture the folds neither
decrease in mtansﬂ.y nor a.lter appracmbly their preva.lent shape,

Apart from the first one or two volutions, the height of the chambép

in each volution differs very little from one another. -

. Thickness of the antetheca is likewise uniform throughout the entire
test. ‘The tectum is inleid by a fine macula to'form the spirotheca as well as
the superior part of the antetheca.

‘Central chamber extraordinarily large. Iis form sometimes
approaches an ellipsoid with ils major axis more or less pointing to the poles,
and sometimes quite irregular; never develops to 4 perfect sphere.

Remarks: The original specimen from the Alpine Fusulina-
Jsimestone as described and figured by Schellwien is incontestably identical
_with the present form. The elongated test and the regtler. manner of
antethecal folding seem to suggest some affinity with F. esfenss SceELL.
on the one hand, and the thin spiroitbeca, compressed type of - coiling end
unusuelly large central chamber indicate a still closer affinity with F.
longisimo on the other. '

OccorruncE: F. tenuissima occurs in a blue and ;slightly bitum-
inous limestone intercalated in the coal-bearing series of {he Sha Ho coalfied.
Individuels belonging to this species are not found in abundance; ot least not
so abundant as its associated species, F. vulgaris and F. longissima ver.
arca.
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FUSULINA LANGISSIMA T\OV. VAT, ARCA
PL. II Fige. 8-8

Fupuling longissima MLLER: . Mémoires de I’ Academie des scien. de St-Pelers-

bourg; Vilesér. Tome XXV, No. 9, pp. 59-61, ThE. T, Flg 4, Taf, TIIT,
Flga. Is, 1b, 1¢. °

rthdma !or:gm:ma Scewaaem: Pals:ontologia Indm:, Sories X111, Salt-Range
Fossils, pp. 988-859, P, CXXVI. Figa. 1a-¢, and Pl CXXVIII, Figz. 1-8.

Fusuling longissime. Moll. "{Bemeri-8ravs): Palmontographica, -Bd., V., pp.
168165, Taf, XTI, Fige. 6 1420

z w
e
=9 a

Fig. 7. ; ;
External form of 5
E longissima var,. -4
arca. B .

1

ww“ | ] - n m ar ll.I [ 14 - k3 I-I - l-l wr l;l :ﬂ'
Volntioq I X | B v n

Fig. 8—Curves showing tho properties of F, longissima var. arca;

for reference of a, r, t and ecales of ordinales see p. 4.
Draanosis:  Test on the whole sub-cylindrical to cylindrical ;
occasionally with a gentle constriction in the median part, slightly expanﬂeﬂ
towards the ends for a time, but becomos pointed at the poles, The exis of
the whorls is often curved at the middle so that the two arms of the test make
an angle which varies from 150 to 160 degrees. Length of the test generally

varies from' 4.8mm fo 5.5, mm, height or diamete. from'1.2mm. to 1.6mn3.

Armrtlllm dislinet in the inner volutions, reaching.barely half tha
height of the chamber. [t a chord be drawn in a circle at a distane of alout
cue third of the radius from the center, then the form of the aperture would
roughly agree with the smaller sector of the circle thus drawn.
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Number of volutions generally 5, very rarely 6. All of them are
closely coiled. )

Apart from the first two volutmns, antethecal folds fairly regular
almogt to the poles; only decrease shghtly in intensity towards the median
port. In the neighbourhood of the aperture about half—the lower half—of
the antetheca is folded.

Antetlieca and spirotheca _fa.r,e nearly equal in thickness, both boing
vory thin, far thinner, for instance, than that of I, vulgaris. :

In & transverse section the antethecas often
appear in e y-shape owing to the coalescencs of the lower
parts of each pair of two neighbouring antethecas through

Fig. 0.
A part of & medi
Ceniral G]IZI.-meBl.‘ vo.ry la.rge, ganen:ully elongated, A part o 1:: IOTI?IHIII:E
more or less following the direction and curvature of the ¥af. ars showing s
- axis, : : theea; lggy magal-

Remares: The characteristic features of the present variatj; lie
in the fact that the last volution is unasually somewhat expanded near the
poles of the test with the consequence that the chamber in the last volution is
comparatively higher towards the poles than in median region; end that the
test s bent in the middle part. The first of these features, though to some
extent noticeable in F. longissima MOLL. is not found in Bchellwien’s species, -
and only in mre cases it is absent from the present variety, But ‘the gecond
feature, namely the axisl curvature, is invariably observeble in all the
individuals belonging to the present variety. Althongh arcuaie forms are found
in other elongated species of Fusuling, for instance in F. elongata BHUMARD,
{hig fact needs is no way invalidate the est&blmhment of the progent variefy
which has quite different specific chara.cbers

It is hardly necessary to point out tho close affinity belween F,
Iongissima var. arca end F. cylindrica Fiscuer. Schellwien actually
regards one of the small arcuate varieties of “F. cylindrica’ (seo P II fig.
5) as “‘zu Fusuling longissima hinneigenden Form™. In the absenco of a
sitable nomenclature to connote its transitionsl character between F,



ht

A Graphic Method o aid Specific Detzrmination of Fusulinoids 7l

cylindrica and F. longissima. s. str., the writer has tentatively placed it in
the present variety. As a rule, F. longissima has a larger and less spherical
central éh;a.mher, more volutions and larger dimension than F. eylindrica;
while it has less volutions and larger axial ratios than F. lenutssima to
which it likewise shows a strong affinity.

_Occonrence: F. iongissima var, arcg occurs in abundance in a
blue limestone iutercalated in the coal-bearing series of Sha Ho Hsien, S.
Chihli. Here it ia amsociated with F. vulgasis, F. tenuissima and F.
c#lifornica to be described presently.

‘ FUSULINA CALIFERNTCA (var. STAFF)
Pl 11 Fig, S.

PFusding off. tenuisgima ScaEriwier: Beitr. z, Pal. n. Oeol. Osterr—Ung. w
dea Orients, Bd XIIT, = 10L

Fusuling axtemga (ScnELLWIER) var. caljfomtion BTA¥r; Palmontographica, Bd
LIX, a 183, toxt fig. 12. Zoologica. Heft 58, =. BO. -

——

Fig. 10—Exiernal form of F. californice X35.
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Fig. 11—Curves showing the propertier of F. califorstica; for reference
of r, n, t and ecales of ordinates see p. €4,
Disgnosts: The grossly elongated test is sbarply vaulted on one
side of the median zone with a corresponding slight depression on the
opposite. From the median zone the tlest slopes gentely and uniformly
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towards the poles which are sometimes slightly extended and ended in
protuberance, -

Apafr.ure indistinet. Judgmg from the regularity of antethecal

folds in the median region, it appears that no special aperture i preeent a3
in the case of the Californian form,

Number ‘of volutions 8 es repreaanted by the only speciten in tha :
wnter  collection.

Antethecal fold remnrka'bly regular, reachmg a httle more than

. half of lhe height of the chamber.

Spirotheca fairly thin. The"":fhjclkﬂeab' increases ﬁnly very slightly
from the inner volutions to the outer. Antetheca is likewise of insignificant
thickness. ‘ '

The sherp vaalting, or to be more: exact the angular projection, in
the median zone of the test is not only an external feature, but is exhibited
to no less marked degreo in most of the inner volutions, particularly in the

innermost one which, when seen in the longitadinel section, assumes the
form of a rhombus. _ K

Central chember extraordinarily large, even larger than that of
F. longissima var. arca; ellipsoidal with its mejor axis pointing 16 -the
direction perpendlcular to the axis of the test instead of parallel to it—a
character which has never been observed in any other species of Fusulina,

Revarks: In spite of the fact that among the material so far
examined by the writer thers is only & single axial section represeniing the
present species, the: peculiar vaulting in tne median zone of the test, the
extraordinarily large ollipsoidal central chamber with its short nxis
arranged in the direction of elongation of the test, the regular antethecal
folding ete. make if indisputably certain that we are here dealing with &
form very closely akin, if not absolutely identical to, the Californian species,
B\, exlensa var. calif ornica Brarr,

The thickness of spirotheca and the type of aniethecal folding
certainly suggest some relationship with the femuissima group on the one
hand, and the elongation of the test together with the type of the antethecal
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folding indicates its inclination to F. ezfemsa. But there are marked
difierences between all these species and the pressnt one. In addition to
those peculiarities as the arrangement of central chamber and the median

‘anguler vaulting that characterize P, californica it may be pointed out that

F- tenuissima never attains such a length as F. californica; and F,
californica in turn is in no way comparable in length with F. elongata
(BiavmarD and Girry) which is said to reach 21mm or more.

The reason that Staff regards F'. californica as figured in Zoologica
Heft 58, p. 80, as a variely of F. exfensa i3 probably fonnded on the
copoeption that the pecoliar features of the present species are rather
abnormal development of individual cases than any property constant fo a
gpecies. The occurencs of a form with “precisely similar peculiarities in
pléces. so widely separated as California and N. Cbina ought to prove that
they well deserve’to rank as speciffc characters. On this account it'seens
appropriate to separate the Californian and the present Chinese form from
B, extensa, ond regard them s an independent species, '

" Qoovraence: F. californica is found in & blue limesténe of
Sha Ho Hsien, S. Chihli. It associates with F. vnlgaris, F. longissima,
etcas already mentioned. ' ' '
XNUSULINA !"ZONGJTJ (=EITENZA) N0V, VAr. MINORIS.
PL II.Fig- 7

Fuauling dongale (BavuiRp) Grry: T.8, Geol- sarvey, Professional Paper, Ro.
58, The Guadalopian Fauns, pp. 62-85, Pl. XVII, Fig. 8, 6-8.

Fig. 12—External form ol F. clongala
var. minoris, X6.
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Fig. 13--Curves gliowing ¢hs properlies of F. elongata var minoris; for reference of r, 8, t end
scales of ordinates see p. 64. -

. The epecific identity of this form with one of the Guadalupian
species deseribed and fignred by Dr. Girty is shown by its extraordinarily
glender test, thin_spirothecs, rather close cojling, large central chamber and
regularity of antethecal folds which as seen in the longitudibal section,
appear in uniformly erranged low arcs in the inner.as well as in the outer
volutions. Had it not been for the smaller dimension on the part of the
Chinese form, and the wide spa & separating the {wo, it would be scarcely
justifiable to esteblish o new variety. ‘

According to Mr. Y. T. Chao who collected and prepared the
specimen, this form occurs in the lowest seam of limestone intercalated
in the coal-bearing series of Chang Chu Haien, W. Shantung,

FUSULINA FERNBUILI of, var. SIFPPERI BTAFF,
Pl 1, Fige. 2, 2a,

Fuguling cernewidi {MBLL) var. sapperi Stapy:. Palzontographica, Bd, L1X,
pP. 181-188, Tef. XTY,XX, Fig. 18.
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Fig. 14—Externsl {form of F, vermeuili
of var. sapperi; X5,
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" Wig. 16--Cnrres showing the properties of F. vernandi of."var. sappai; for reference of
a, ,'t and scales of ordinates sea p. 84,

Draanosis::  Test elongated, almost cylindrical in the middle part
covering about half of the entire length; ‘the remiaining one fourtbe bend
rather abruptly towards one side of the test which is ofteri marked in the
median part, by & shallow and broad forrow running transversely lo less
thap helf the circumference. Internally only the last twé volutions are
involved in the bendirg. Avercge dimension 9.7mm x 2, 1mm, ‘

Aperture distinet and’ broad, reaching about half the height of the
chamber, and forming a very flat’are. :

Number of vc‘)lu'ﬁdn'a 8 to 7; inner volutions rather d¢ompact,
comparatively open in the ounter ones. f

‘Antetheeal folds remarkably regular even in the neighbourhood
of the poles; intense in the inner volutions reaching a little more then two -
thirds of the height of tbe chamber, whereas the outer ones are less intense,
and are only limitted to the lowest part of the antetheca, Owing to the
unusaal width of the apertars, there appears no folding.in the mcdian

" region,

The antetheca is comparalively thin; and no appreciable change
in the thickness of the anietheea is observable; while the epirotheca
increases its fhickness from the inmer o the outer volutions as does the
height of the chamber. . -
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Central clinmber uspally small béing nbout 0.11 mm in diameter
on the avernge; seldom sattnins the form of a perfect sphere, more often
ovoid or ellipsoidal.

Remarws:  As rightly remarked by Schellwien, Staff and others,
F. verneuils MbLL comprises & group of Fusuling which vary “within a
considerable range. Its most remarka.blg features consist in the regularity
of antethecal folding, large -axial ratios, uniform increase of the thickness
of spirotheca and of the height of the chamber and comparatively small
cantral ch_an-:lber. Some of the forms are more inflate in the middle with
volutions more numerouns than usuel; they then spproach F. Japonica,
others greatly elongated showing a degree of affinily to F. extensn. 1t is to
the latter grbu'p of varieties that the present form is losely rolated.

Ocourrgnor: Fusuling verneuili of. var. sepperi occurs in a
limssive blus Iimehbone exposad al & leality 60 Ii to the north of Hsing An
Hsien, N. Honan. Asgociated with it are found F. pusilla. E. elongala
(Saouarp and Gm'r!) whtch latter, in all its external appearance resembles

one of the .Guedlupian forms (U. 8. Geol. Survey, Prof Puper. 'No. 58,:
Pl. XVII, F]g. 4).

mmupumu chr.wmu
Pl I Fige. 2 208

Fusuling pusilla ScRELLW, Pa]teontngraphica, Bd. ZLIV,
PP. 254-256, Taf. XX, Figs. 8-14

Fig. 16—-Extelnal ap-
pearance of
F. pustic;

x5. [11]

~ e g m OB

Vectoriolanple T W w w éw M s o oar
- Volution I I o . R T

Fig. 17—Curves ehnwing lhe properties of F. pusilla; for reference
of o, r, t and scales’of ordinatzs pee p. 64.
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Dragnosrs:  This small Fusulina is characterized by its cocoon-like
test when maguified, with a very gentle and brond median depressien and
a slight exp_ansioﬁ at & little distanice from the poles which may be somewhat
pointed and inclined towards one sidé of the test, but more often gentely
rounded in the form of a highly prolate hemi-¢llipsoid. In the latter case
the test is almost perfectly symmetrical with respect to the axis of the whorl.

“Aperture though nob s broad and distinet-as in Schellwien’s
original specimen, is nevertheless plainly discernible except in the lnst
volution, or the last part of it. It reaches a Litile more than one third of
the height of the chamber on the average,

Number of volutions generally 5 notwithstanding the comparatively
small height of the test—a featurs highly characteristic of F. pusilla as
already remarked by Schellwien.

From o fragment of a melian section it has not been impossible to
count the number of antetheca for emch volution, but the fact that the
present species peculiarly possesses a relatively small nunber of ‘antstheca
in the outermost volution can be verified without doubt, -

Antethecal folding regular and simple even to the ends of the test,
This is seldom observed in all Fusuling and none in the elongated type,
The folds reach more than two thirds of the height of the chamber in the
inner volutions with their general arrangement not unlike those of F.
vernewili. The intensity of the folds, however, decreases rather appreciably
towards the outer volutions. In the lgst one or fwo volulions only a small
fraction of the height of the antelheca is folded so that in an axial section
they only present a series of extremely low. nres,

Antetheca very thin, thinner than any of the spirotheca in the test,"

Whorls closely coiled; height of the chamber increases rapidly up
to the third volution, but almost equal in the last two volutions.

Spirotheca fairly thin in the first three volutions; from the fourth
to the fifth a rather rapid ineresse is observed. This increase of the
thickness of the spirotheca corresponds Lo the incrense of the height of the
chamber-—a fact frequently observed in other species,
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Central chamber small, nearly spherical, usually 0.09 mm in
diameter.

Remarrs: Among the Salt-Range species F. kattaensis should be
the first to be cited for comparison. A degree of resemblance both in form
and stractare does exiat between this Indian species and the present Chinese
one; but the smellest individual of the former as figured by Schwager is
nearly twice a8 long as the latter which rarely, if ever, exceeds 4.5 mm in
length. ' '

Taken as & whole, the cocoon-like shape and small dimension of
the test, the low bui regular antethecal folds extending even to near the
poles and the compact type of coiling are the distinctive features that seom
to warrant the identification of the presont form with the Alpine species.

As discussed by Staff, there isa strong affinity between F. pusille
and some of the smaller ?aﬁetiea'of F. tschernyschews from Russia, The
same author includes F. contracts from Drawas and F. ellipsoidalis from
Towa in one and the same group. This, however, seoms to require a more

careful consideration,

OccurBenoe: F. pustlls frequently occurs in & masgive blue lime-
stone, 60 4 rorth of Hsing An Hsien, N. Honan; always associates with
F. verneusli of, var. sapperi.

FUSPLINA FARIATA 1. 3D.

PL I Figs 8, 8a-c, 4, 5.

Fig. 18 —Exlcruni forin of F, viriata; XE

Scbwager: Palacon. .Indics, Ser. XILI, pp. 985-987, Pi. CXX VI, Figs. 1111,
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Fig. 10—Curves showing the properties of F. sariala; for referenpe of the leiters
»  stiached to the curves and the scales of ordlnates see p. 84
Dracroars: Test fosiform in the middle part and beéo;ne’a abnorm-
ally elongated towards both poles through an diametrical contraction and
lateral extension of the last two volutions which are as a rule sigrhoidallf
wound. The inuer volations, however, always remain fusiform.

Aperture narrow; almost semi.circuler in the firgt three_ volutions
beoomea very broad in the fourth and fifth with a height equala a little less
than half the height of the chamber.

Number of volutions usially 5 rarely 6 in edult individuals. The
first and the last volutions clossly coiled, while the other volutions are
relakively broad. The heighl of the chamber appears to vary very little

‘in second, third and fourth volutions.

Bpirotheca rather fhick with a coarse macula and without any .

appreciable variation excapt for the last volution which is generally formed
by a thinner spirotheca.

Axntetheca is distinctly thinner than the spirotheca, especially 80
towards the poles; Every other antetheca is inclined forward more markedly
with the result that the neighbouring ones are usually fused in the lower
part, hence it appears y-shaped in the transverse section. The lectum is
suddenly bent and twisted in the region where the spirotheca iransforms
ilself into antethece go that the lntter with a luyer of fairly conrse but rather
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indistinet mneule supporting ifs posterior side appears as if it were wedged
into the macula of the spirotheca.

TABLE II.
Measurements of Fusuling variatz

N':-.ig:f::du- I o 111 Iv v VI
Vongle  TU 2T B 410 I 6 7II SIL 911 10II 11K

Ridicsvec fa. 0.2 0,23 0,34 0.47 0.55 0.73 0.84 0.99 1.01 1.06* 1.12
tor. mm. b, 0.28 0.85 0.5 0.59 0.77 0.88 1.05 1.18 1.3 —

A.‘x.ie.lrnlio.{s" — 2.8 _2_.9 ‘.’._.9 3.1 .3'5 44 54 6.6. 8.3.
b. — 32 83 36 38 38 4

Comulative{p, — L} 15 24 36 52 70

no, ofan- . - .

tetheca. lg. — 14 25 _4) 56 78 98 120

Thiclmam{a. 18 29 33 37 48 52 556 — 0 — 37

{ Bplro- - - .
theea getb. 87 48 65 55 59 63 68 74 82

Antetheca in all ihe whorls are, as a rule, broadly and irregularly
fluted as judged from the broad and irregular dark patches that appear in
the axial section. Exeeptional cases are however known where a more
regular type of folds can be plainly observed.

Central chamber Jlarge and perfectly splherical formed by sn
unusually thick wall, In one of the larger specimens the diameter of the
central chamber mensures at 0.33 n'm;n, and the thickness of the wall variés
from 0.028 to 0.033 mm. '

Remargs; This species is characterized by its peculiar pfologulion
of the test, the large, thick-walled central chamber in the form of a perfect
sphere, tho variation in the form and size of the aperture, etc. The geners]
feature of the inner volutions is not unlike F. ewilis Scawager. The lalter
however generally possesses a more fragile and somewhat smalle: «entral
chiamber, and the antetheca is folded in a different type. Moreover, it never
shows the tendency to develop that characteristic umbilical prolongation.

# Thig value is oblained by interpolation.
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Among the Russian species F. subtilis ma’.y be cited here for compa-
rison. Some resemblance ie shown by the photomlcrographs The fragm-
entary nature of Schellwien’s material, the probable confusion on the part of
iths author of soveral distinet species and the discropancy between his
description and the photogmpha however make it extremely difficuit to reach
any decisive opinion as to the true relation between -391q Chinese form und
the Russian. It may be incidentally mentioned here that the Bpecies
represented. by fig. 1 in Schellwien's phoiographs (Peleontographica, Bd.
LV, Taf. XVIII) should be separated from the rest of the individuals under
the specific name F. subtﬂis. It is with this perticular form that our
present species seema to some extent related

Ocouneenop: F. wﬂata abundantly oceurs in a d.lrty, brown,

highly argillaceous limestone of Chien Tao Kou, about 15 1i E. S E. of Tai
Yuan, Shansi, rarely accompamed by F. vulgaris.

(iil) Some outstanding facts relati-ﬂ-g 10 the distribution
and faunistic character of Fusulinide of N. China.

Only & few Carboniferous basins in N. Chins, for instance, the Tien Hus
and Yan Tou coalfields, N. E. Shanei,® and the Yang Chia Ton coalfield in
the Western Hills of Peking, do we find marine limestonea absent from the
coal beurmg eeries; and only in a few of the llmestones, for instanee, those
of the Liz Ho Kou coalﬁeld N. Honnan, do we find fossils belonging to ilie
family Fusulinide absent. This vast and immensely rich field of foseil-
Foraminifera necossitales and at the same time justifies a thorough,
syslematic investigation before their biological and stratigraphical signific-
ance can be fully undersicod. The facts indicated below, though broad and
disconnected as a necessary outcome of only a preliminary survey, ay

however reveal points of importance for mapping out the lines of further
research, The facts are.—

(1) In N. China limestones containing Fusulinide are now kpown
to occur in the following places (Fig. 20) :—*

(I) Bailey Willis and E, Blackwelder, Rerearch in China, Vol. I, Part I pp. 14%-151.
* A ﬁﬁ P RE b 0 M
D. B E. B . F. 2§
G. &Rl ® A H A M& K. ®itR
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A. 6801 N. of Haingan-hsion........cccoevvrmennnaanrnnas .N. Honan.

B. Hsion Lang Shan, about 50 li 8. W. of Shaho Hsien...S. Chihli,
C. Tzu Chou coalfield, ............ecueeemrsrsesnsassnesnsesiS. Chikli,

D. Lin Chien coalfield,...coervererrereecene e S.W. Chihli,
E. Koi Ping Basin,...cocooiiiiiiiiiinnnnn, N.E. Chihlj,
F. Chang Chu coalfield,.........oevecreereres ververeennne W. Shantung,
G. Shu Cihien Kov, 2.5 1i W. of Yang Chien railway

station, Pin Ting Basin, c..cccovis cvemiiiiiiiiininnns E. Shansi,

H. Yueh Men Kou, 30 1i W. of Tai Yuan,...........- Cenfral Shanis,
E. Chien Tao Kou, 151i E.8.E. of Tai Yuan, ......Central Shansi,

Apart from these localifies wherefrom the wriler hes obtained
mosses of malerial, isolated occurrences are reporled from the Po Shan
corlfield, W. Shantung, the Pei Ling,"” W. Kansu, and parts of S. Manchu-
ria. Curiously enough, in the limestones containing a Productus-limestone

(1) E. 8chellwien, Polaeozolsche nnd Lrindische Fossilien sus ostasien, Dorch Asien, Bd
oI, p. 161,
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fanua recently brought back by Prof. . K. Morrig from Oater Mongolia
no trace of these Forammu‘em has yet been found.

These Fusulinide-bearing limestones are almost invarinbly_inler-
calated in the lower part of the Anthracolithic JFormation. This- would

Jmean that they belong largely, if not entirely to the Tmyuan Series. Some.

tunes only a single layer of the hmesborls is present as in the Kui Ping -basin
and in the northern part of Hsing An Hgien; and attain a thickness in these
cases of abont 2 to 3 meters; and sometimes lhey occur in severn]-geams
separated by sandstones, shales and coal seamns. Each seam of the limestone

urely reach 2 meters in thickness. In the Sha Ho coalfield thers are,

acgording to the local miners, no less than three layers of auch limestones;
some of them are extremely thin, and probably die out within a small ares.
Iu the J* Chien bisin three layers were counted by Messrs, Y. T. Chao and
C.C. Tien. Five seamas of these limestones were 1eported by these gentlemen
from Chang Chu, W, Shentung. The author observed five layers in the
Pin Ting basin; each of them possesses some dislinet character familiar to
the local miners who use them ns reference strala. The lowest one .whiely
lies about 18 meters ebove the thick coal is known as Taokushi® or the
waist-hard-stone. Iis thickness is cstimaled at 0.51 m. This is overlain

by 0.51m. of & hard blue shale, then by n blue limestone with a thickness

0f 1.5m... Miners name it the Szechehshi, or four-strala-stone on sccount

of the fact that it is usuelly divided into four sfrata. Afier an inferval of
Bm, of well-laminaied grey shale a massive, hard, blue limestone known as
Kulishi® or the hard-stone, ﬁppeam in the ascending succession with a
Lhickness of about 2.7 m. A series of shales with beds of sandstones now
follow nggregating to a thickness of 2Im. This ia sgain overlain by a blue
limestone, the Chienshi®™ or coin-stone, liaving a thickness of 1.2 m, The
name is derived from the faet that in this limestone fragments of Crinoidal
stems are ofien found. Still going upwsrd for a dislance of 23.3 m. of
sandslones and shales the last or ihe highest seam of limestone comes in
the sequence. This is known as Houshi® or the ape-stone, about 1.8. m.
thick. Most, if not all, of these lime-stones are crowded with Fusuling.

0) mRA @ #E ) FR ¢) RE ™) BH
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Mr. E. Norin® deseribes five seamns of Anthracolithic limestones
exposed in the Western Hills of Tai Yuan, and records the occurrence of
Fuguling at two.different horizons in those limestones. In & later excursion
int_,o the mame district led by the writer a large quantity of Fusultnc wae
found from four or five different limestones exposed at Yueh Men Kou,(® a
iocality-where Mr. Norin deseribes his classical sections. As time did not
allow us to identify each of the limestones described by Mr. Norin, we are
ns yet not sure of the stratigraphic posilion of the Fusulina-limestones in
Norin’s section. Bat it is certain that Fusulinag occur at more than two

ho_rizons in the hills weat of Tai Yua.n.l

{(2) The se\'e;al species of Fusulina described here are largely
cosmopolitan in character. F. vulgaris abound.in the Fusulina-limestone
of the Darwas district, Central Asia, forming the Lower Series of the Upper
Palmozoic formation. Thel;e, it asspciales, according to the list provision-
ally furnished by Tschernysschew, wilh & gparce fauns of Brachiopods and
Molluges that seem to range from the Middie Upper Carboniferous (Blage of
Spirifer supramosquensis) to the Artinekian or Permo-Carboniferous.¢®?

Although there is soms queat-im; as lo the exact stratigraphic
position (within Upper Carboniferous) of I tenuissima and F. pusilla in
the Carnic Alpine that they belong to the Upper Carboniferous, is, a3 shown

by Schellwien’s careful correlation, a matter beyond any doubt.

F. verneuili of. var. sapperi, F. californica and F. exfensa var.

minoris are forms that are either closely related to those found in Texans, -

Guatemaln, New Mexico and California or actually lived in the American
waters, There again the straligraphic position of these fossils cannot be
lower than Upper Carboniferous, and in somse cases, as in the Capitan
Formation of the Guadalupian Mountaine ihey seem to belong to Lower
Permian as shown by the Lyttonia fauna. ‘

P

() E. Narin, The lnter Palrozoic fnd Early Mesozaie Sediments of Central ‘ihnmn'

Bull. Geol, Hurvey of Chinn, No 4, pp. 31, 41.
B HEs
(8) Palacontopraphica, Bil. T.VI, pp. 140-147.
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Here then in N. Chine we have evidence to show the confluence of
the Foraminiferal faunas that lived in the Eurasian geosyncline extending
from N. China through Central Asia and probably Asia Minor reaching
finally to the Alpine region on the oue side; and on the other, those that
flourished in the Pacific waters. The fact that these Chinese species, like
the Darwes fauna, shows litile relation to the Balt Range fossils is a point

to be noted with interest.

If not for the apparent conflict with the evidence furnished by the
Brachiopods, particularly Spirifer bisulcatus, the writer would not hesitate
to place the Fusnlina-limestone of - N. China as a whole in"the upper part
of Upper Carboniferous. - '

(3)° With the axception_of a' few places in the exteme west, for
instance the Semenow Mountain, where Futterer found Ddiioliﬁa, by far the
greateal'; namber of species of Fosulinide eo far found from the limestones
containing,these fossils belong to F‘usul'inq (Fisoaer), very few to Fusuli-
snella, non to Schwagerina nor the forms higher in the biologieal scale,
With corals they are now and then associated. When they occur together
with Brachiopods, the latter are generally minute in size, sparce iu distribu-
tion; in a word, they are of an impoverished type. These facls are also noted
by Staff in connexion with his atudy of the Darwas fauna. "We have there-
fore in N. China true Fusulina-limestone and no ‘‘Schwagerinenkalk."

(4) Fusulinide of N. China- usually associate themselves freely
with other Foraminifern. Among the more common genera Textularia,
Bygenerina, Endothyra, Saccummina, Hemidiscus, operculing etc.
frequently oceur.

(5) Apart from £, uulgﬁris nearly all of the individuals belonging
lo different species found in the Sha Ho coalfield, and in one of the limestones
of Chang Chu benr a thick calearcous deposit along the axis of the whorl,

particulary in those parts where the antethecas fold themnselves into an

entangled complex.

A tenlnlive deduction can be made from this curious fenture.
Since the calearesus deposits are found in different species it canmnot be s

specific character; and since such n-depogil can serve the animal no imagi-
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nable useful purpose, if ot actuslly accompanied by disadvantage, it would
appear that it is more likely a development resulting from unsuitable habitat
than any other cause that we can postulats. . This argument-is to sorne extent
favoure " by the ocenrrence of I, cloez_‘gata (extensa) var. minoyis in Shan.
tung and F. longissima var. arca in Sha Ho; for, though the former is
closely related to the American and the latter to the Russian species, are
distinctly smaller in size, at least smuller than those individoals which de not .
enrry the caleareous daposil:—a fact may be taken as evidence for degeneration.

Similar conclusion i3 reached by an arguﬁmnt along the same line
but from a different point of viow: As lime is deposited in the teat the
quantity of this material absorbed by the animnal ‘tniJsI'._,‘cg‘naidembly exceed
the quantity that it can consume, And as lime is ;baorbgd by these

-primitive animals, in &ll probability, principelly, if not entirely, for the

purpose of the constrirciion of their test, g0 the deposition of lime simply
means the incapability on the part of the animal to use the. quantity of lime
that 1t is given o absorb for the construction of a specific test. It is-readily
conceivable that the capaeity.of bsorbing limé to construct  specific test must
be a character'-iﬁngte te a particolar species; while the chances of their
auceéss in accomplishing that specific purpose must be necegsarily more or
less governed by the external conditions under which the animal has to live.
This line of argument would involve tlat there must have been-places out
side of W. Shantung and 8. Chihli where the forerunners of F. longissima
var. arca and F. elongata var. minoris had originated, developed, and
finnlly migrated into N, China, and there became modified under the forces
of changed environment. It is not safe to state at present where is the birth
place of their ancestors. Bul in the absence of a nearby locality whero such
anceatral forms are known to occor, and in view of their close relation with
the Rusgian and N. Awmerican fauna, one might suggest ‘that they have

* migrated from these countuies.

(6) The Heing An Fusulina fauna, in contrary to those occurring
farther northeast, shows a healthy mode of development. There, the Alpine
and the American types of species aceur side by side.

It is therefore thought that the highways for the migration of
Fugulina lay neay the southern border of N. China,
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Figs.

Figs.

Figs.

1,1a,

In.:

PLATE 1

Fusuling vu/garis SCHELLWIEN,

Sub-axial section showing Lhick spirotheca and conrse macula.

A transverse-section with the inner volutions showing some resem-
blance to Schwageriﬁa, but the laf,lt. volution, especinlly the last part
of it, tending to devolute in qonlm-diatinélihn to Schwagering which

" is nearly always elmi-_adterizqd by o “‘senile dercescence’”.

3-5.-

3a-b.

5.

Fusulina vgrnadti‘éf . var, sappéri STAFF.
A part 6! an axial section along the plane in which the axis of
whorl i3 corved. . -
A longitudinal section perpendicular to Lhe plane of axial curvat-
we. .

Fusulina variala n, 8p.

An rxial section showing edﬁordinury alar prolongation.
Traneverse sections,

Median section of an individual with its eentml chamber somewlit
deformed.

Axinl section of a normal individual with a perfectly apherieal
central chamber and incipient alar prolongnlién.

Axial section of a well developed individual.

All flggres are magnified to abont thirteen times dinmeter.
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Fig.
Figs.

Figs:

Fig.

Fig.

2-2b.

2n.

.G‘-'

PLATE 11

Axia] section of Fusulina tenuissima SCHELLWIEK.

Fusulina pusitle SoEELLWIEN,

Axial section. _

A transverss geclion showing the relntively smaill number of ante-
theca in the last volotion.

An oblique section.

Fusulina longissinia nov. var. arca.

A longitudinal section perpendicular to the plane of axinl curvature,
Axial gection showing ita thin spirotheca, elongnted central chamber
and regularly folded antetheca. ’

A ampll specimen probably repr&aanting a trngitional form between
Fus, cylindrior and Fus. longissima-

A snb-axial eection of an individual with & somewhnt larger test
than Lhat of the normal type as shown in fig. 4.

Fusuling elongata (extsnsa) nov. var. minoris.

Axinl sectjon showing ite slender form, thin spirotheca, regular
and Jow folding of the antetheca, broad and dfstinet bucesl a‘perturé
ond numerons volutions.

Fusuling californica STAFF. ;

Axinl section showing large, ellipsoidal central chamber with its
major axie perpendiculur to the axis of whorl, angular vaulting in

the median region (elightly shattered) and regularly folded ante-
theca.

All fignrea are magnified to abont thirleen imes dismeter.
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