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INTRODUCTION.

The present volume 1s the sixth and last of a series dealing with
the Foraminifera of the North Pacific Ocean. It containsthe Foram-
inifera Included 1n the family Miliolidae. The first part, issued
in 1910, included the families Astrorhizidae and Lituolidae; the
second part, issued 1n 1911, the family Textulariidae; the third part,
issued in 1913, the family Lagenidae; the fourth part, issued in
1914, the families Chilostomellidae, Globigerinidae, and Nummuli-
tidae; and the fifth part, 1ssued 1n 1915, included the family Rotaliidae.

JOSEPH AUGUSTINE CUSHMAN.
1
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A MONOGRAPH OF THE FORAMINIFERA OF
THE NORTH PACIFIC OCEAN.

MILIOLIDAE.

By JosepH AUGUSTINE CUSHMAN,

Of the Boston Society of Natural History.

INTRODUCTION.

This sixth and last part of the work on the North Pacific Foram-
inifera deals with the single family Miliolidae. By most writers this
family has been considered as very primitive on account of its ap-
parently having no pores in the test, but it has gradually been ascend-
ing in the scale. In the Challenger report it was the earliest family
considered, but has since by many writers been placed above the
arenaceous forms of the Astrorhizidae and Lituolidae.

The discovery by several workers that the earlier chambers of some
of the highest genera of the family have a perforate test shows that
it developed from a perforate ancestry. The geological history of the
family is also rather conducive to the idea that 1t developed rather
later than other relatively highly developed types as the Num-
mulitidae, where Fusulina, one of the complex types, was characteristic
of the Carboniferous. The greatest development of the Miliolidae as
far as number of species and complexity of structure are concerned
seems to have been the late Cretaceous and early Tertiary.

The present paper does not contain as many species as would be
the case were the present collections better represented by shallow-
water material, especially about the tropical 1slands of the area.

PHYLOGENETIC DEVELOPMENT OF THE MILIOLIDAE.

To d’Orbigny must be given the credit for the first critical study
of the foraminifera belonging to the Miliolidae. Previous authors had
described and named certain of the species, but very little attempt
had been made to determine the relationships of the various forms.
In his work in 1826 d’Orbigny ! recognized many of the still accepted
generic characters and to a certain extent their relationships. Under
the Foraminiféres, Order Agathistegnes, d’Orbigny grouped the

1 Tableau méthodique de la classe des Cephalopodes, Ann. Sci. Nat., vol. 7 1826, p. 245, etc.
1
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genera Buoculina, Spiroloculina, Tridoculina, Articulina, Quingue-
loculina, and Adelosina, all genera which he described.

Perhaps d’Orbigny’s most important contribution was the recog-
nizing of the relative position of the chambers and the consequent
number visible from the exterior. The chamber arrangement, very
definitely described and figured by d’Orbigny, was not in some cases
later recognized by subsequent authors as of generic importance.

By the early English group of workers on the Foraminifera, Car-
penter, Parker, Jones, and Brady, the genus Miliolina was taken to
include Tridoculina and Quinqueloculina as well as certain other
genera. These two genera mentioned were not understood as de-
scribed by d’Orbigny, as may be seen by Carpenter’s figures of
Quinqueloculina, which are really copies of Parker’s figures in an earlier
paper.’

Parker’s 1deal transverse sections (on p. 57, fig. 5, @, b, and ¢) do
not represent Quinqueloculina as described by d’Orbigny. Moreover
the varlous genera and their different characters were only recog-
nized by Carpenter and others as pure variations. The fact that these
animals were unicellular has in the minds of many workers on the
Foraminifera presupposed an unlimited amount of variation and the
explanation of nearly all different characters on this basis. The
larger work of Carpenter, Parker, and Jones, Introduction to the
Study of the Foraminifera, 1862, helped greatly to fix this idea of
unlimited variation and the supposed lack of any definite characters.
An example of the extreme view of Carpenter i1s shown in his intro-
duction (p vi1) in the following words: “Sharply defined divisions—
whether between species, genera, families, or orders—do not exist
among Foramwnifera.”’

Brady in the Challenger report and elsewhere breaks away some-
what from the extreme of these views in that he describes new species
and genera, but he is plainly influenced by the work of Carpenter and
tries to unite various forms on the basis of variation rather than
seeking the true explanation of their differences. Brady figures
sections of some of the Miliolidae, but the important early chambers
are usually indistinct and he makes little reference to them.

Goés 2 adopted early adopted extreme views of variability in the
Foraminifera and the uselessness of distinguishing more than a few
central species about which the others should be grouped as variants.
As an example of his extreme views at this time, he includes under
the genus M:iliola three species, the first of which, M. seminulum
(Linnaeus), he divides into six varieties. Under this species Goés
includes as synonyms more than a hundred specific names and five

1 On the Miliolitidae (Agathistégnes d’Orbigny) of the East Indian Sess, Part 1, Miliola, Ann. Mag.
Nat. Hist., ser. 2, vol. 6, 1858, p. 53, etc.

2 On the Reticularian Rhizopoda of the Caribbean Sea, Kongl. Svensk. Vet. Akad. Handl., vol. 19, No.
4, 1882,
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of the genera of d’Orbigny. The second species includes species
usually assigned to Biloculina, and the third species those belonging
to Spiroloculina. Thus Goés includes seven of the genera of d’Orbigny
under Miliola, and extreme view not taken by even the most radical
of the British group of workers along this line.

Twelve years later in another paper ! Goés shows a decided change
in attitude. The genera Biuloculina and Spiroloculina are recognized,
and M:liola contains the other genera. Instead of grouping all under
three species, Goés allows 37 species, variously grouped as subspecies
and species and describes four new species. Two years later in still
another paper? Goés recognized also the genus Sigmoilina of Schlum-
berger in addition to those recognized in 1894. One new species of
the Miliolidae 1s described. In this paper, besides Miliolidae, Goés
describes over 20 new species and varieties, as well as some new
genera. In this last paper, and especially the preceding one, many
excellent sections of Miliolidae are figured, showing the stages in
development, but little use is made of them.

To Munier-Chalmas and Schlumberger, especially to the latter,
must be given credit for the elucidation of the real structure of many
of the generic types of the Miliolidae. Their researches are based
upon painstaking work in sectioning great numbers of specimens,
both fossil and recent, belonging to this family. Their work was, in
the main, the search for and demonstration of the two forms, micro-
spheric and megalospheric, in the various species and the basing of
generic characters upon definite morphological structure. The imma-
ture characters are not as fully dwelt upon as probably would have
been done had Schlumberger lived to continue his work. The many
new genera Schlumberger described have basis in structure and devel-
opmental characters and are restored to their rightful value, although
modified somewhat by certain later views as to their scope. Alto-
gether the work of Schlumberger is the most valuable work of any
student of the Miliolidae as regards the demonstration of Dimorphism
(used 1n the sense of the two distinct generations) in many species
and the early stages in the development of various generic types.

Rhumbler has studied especially the Peneroplis group and the
peculiar double forms of Orbitolites. He demonstrated the perforate
character of the proloculum of Peneroplis.

Lister has worked mainly with the Peneroplis group, Peneroplis,
Orbiculina, and Orbitolites, as far as the Miliolidae are concerned. He
demonstrated the perforate character in the proloculum of the last
two genera and has done much work on the dimorphism of various

species.

! A Synopsis of the Arctic and Scandinavian Recent Marine Foraminifera, Kongl. Svensk. Vet.-Akad,

Handl., vol. 25, No. 9, 1894.
? On the Foraminifera of the Galapagos Islands, etc., Bull. Mus. Comp. Zodl., vol. 29, No. 1, 1896,.
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Chapman has demonstrated the two forms of Alveolina, and the
series of these larger forms is now nearly complete.

To Lister and Schaudinn we owe much of the knowledge of the life
history of the Foraminifera and the relation of dimorphism to the
life cycle. Many other investigators have added, 1n greater or lesser
degree, to our knowledge of the Foraminifera, but the names noted
above stand out prominently in the history of the work in the devel-
opment of the Miliohdae.

Proloculum.—The proloculum or initial chamber of the Forami-
nifera as seen in the Miliolidae consists of an oval or subspherical
chamber. The test of the proloculum 1n some genera (Peneroplis,
Orbiculina, and Orbitolites) is clearly perforate, while this character
has not been made out 1n other genera.

The proloculum is the first distinct stage in the development of the
test. Although in the Miliolidae there 1s no distinctly single cham-

bered form which may be con-

sidered as the radicle (like

O Lagena for the family of the

Lagenidae), it isfairto assume

that there was 1n the early de-

velopment of the group a sin-

O — gle-_ chambered form. This
ﬁ radicle, although not defi-

Fig. 1.—“EMBRYONIC YOUNG’’ OF MILIOLIDAE, IN THIS IlltEEly known as an ad]ﬂt: 13
CASE OF PENEROPLIS, TAKEN FROM THE ‘‘MOTHER TEST.” represented bythe proloculum

(AFTER SCHACKO X 420.) @, LONGITUDINAL SECTION . )
SHOWING THE PROLOCULUM, OVAL IN SHAPE FOLLOWED or first Stage 1n the deVFﬂOp

BY THE LONG CORNUSPIRA-LIKE SECOND CHAMEBER; THE INnent of the many chambered

WALL OF THE TWO CONTINUOUS AND OF THE SAME THICK- : .
NESS. b, TRANSVERSE SECTION SHOWING THE SECOND forms of the fa'mlly . Thesize

CHAMBER AT THE TWO SIDES OF THE PROLOCULUM, THE Of the proloculum iS Of great

UNIFORM SINGLE WALL AND THE FLATTENING OF THE . .
SIDES OF THE PROLOCULUM WHERE THE SECOND CHAM- lmportance, as will be consid-

BER IMPINGES UPON IT, AN ADDED PROOF THAT THE TWO eI'(‘_d in lat.er discussion_

ARE FORMED AT THE SAME TIME. Oha?"dCte?"S Of the (¢ embry_
onic”’ young of Miliolidae.—The production of young in a number of
genera of the Miliolidae has been noted by several observers. The
young individuals are formed inside the chambers of the adult test,
especially in the outer and larger chambers. The characters through-
out the family in this ‘““embryonic’ stage seem to be very uniform.
A detailed description of this stage in the development will be usetul
for later comparison.

The young individual (fig. 1) when set free from the ““mother’’ cell
consists of two distinet stages in its test characters. The first cham-
ber is a globose proloculum in all normal individuals. Exceptions to
this condition will be noted later. The second chamber consists of a
nonseptate tube close coiled about the proloculum. Seen from the
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side (fig. 1a) the width of the tube increases from its inception until
the broadest part 1s developed near the distal end. Secen in vertical
view this tube has a nearly uniform width. In cross section (fig. 1b)

the various parts of the tube are
seen to have a considerable dif-
ference in height. The proximal
portion 1s low and flattened, the
side adjacent to the proloculum
being nearly flat, the outer side
convex. The height of the tube
increases from this point toward
the distal end, where its height
may equal the width. The aper-
ture 1s contracted and consid-
erably smaller than the diameter
of the tube. The length of this
second' chamber 1s rather con-
stant, being usually between a
half and a complete coil.
Another character of especial
importance when comparison 1s
made with the early chambers
of adult tests 1s that of the wall.
The wall winch forms the com-

.l-'-f

e _-l-l-".-

o e——— =

FIG., 2.—CORNUSPIRA INVOLVENS REUSS. X 63. Mi-
CROSPHERIC SPECIMEN VIEWED BY TRANSMITTED
LIGHT. SPECIMEN WITII VERY SMALL PROLOCULU),
BUT WITH ITS NUMEROUS COILS GROWING TO A MUCH
LARGER SIZE THAN THE MEGALOSPHERIC FORM WITH
ITS MUCH LARGER PROLOCULUM AND FEWER COILS
(FIG. 3).

mon boundary between the proloculum and the second chamber 1s,
as far as can be determuned, a single wall, no new shell substance
apparently being laid down by the animal on the floor of the tubular

chamber. As a result of the walls of the

> test In its ‘‘embryonic’”’ stage are single

)

and of practically umform thickness. The
only exception is the thickening which
appears at the aperture of the second
chamber. This foreshadows the thickened
Iip seen in so many of the genera in this
family.

Development of Cornuspira.—In Corn-
uspira, which is the simplest of any of the

- family in its development (possibly ex-

Fig. 3.—CORNUSPIRA INVOLVENS
REUSS. X63. MEGALOSPHERIC
SPECIMEN VIEWED BY TRANSMITTED
LIGHT. PROLOCULUM YVERY LARGE
IN COMPARISON WITH FIG. 1, BUT
COILS FEWER AND COMPLETED TEST
SMALLER IN DIAMETER.

cepting Squamulina or Nubecularia, which
are degenerate forms), has in reality noth-
ing 1n addition to the developmental char-
acters seen in ‘‘embryonic’’ young already
described. It has a globular or ovoid pro-

loculum followed by a second chamber of indefinite length built on the
outside of the previous portion of the test in a planospiral manner
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without building a floor as it proceeds. It differs from the embry-
onic young only in the length of this second chamber and its various
modifications of ornamentation and relative proportions which con-
stitute the specific characters in the various species of Cornuspira.
Occasional specimens show a reduction in the size of the tube 1n
the last formed portion as in senescence in some Mollusca. In

@

%10 4.—CORNUSPIRA FOLIACEA ( PHILIPPI). X24. COMPLETE SPECIMEN, THE YOUNG OF WHICH IS SHOWN

IN ¥16. 5. SPECIMEN SHOWSTHE LATER ““PARTITIONS?” DEVELOPED IN THE LARGER, OUTER COILS OF THE
TEST. THE LAST FORMED CHAMBER WAS PARTIALLY BROKEN WHEN FOUND. VIEWED BY TRANSMITTED

LIGHT.

others there is a tendency which may be considered rather more
prophetic in its nature. In the specimen figured here in outhne
(fig. 4) i3 shown a recent specimen which upon first examination
seemed to have no characters unlike typical specimens and 1t was
selected for mounting in balsam for a study of the early coils. After
mounting examination showed a partial division into chambers
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instead of the usual nonseptate condition. In all, 12 partitions
were made out. After the proloculum (fig. 5) there are three com-
plete coils of nonseptate tube, as in ordinary specimens. Then the
tube 1s cut off by a ‘‘partition.” Following this are three and three-
quarters coils of nonseptate tube and then another ‘‘partition.”
About a quarter coil beyond is a third ‘‘partition,” then in each
succeeding coil a ‘‘partition” is found when a coil has been nearly
completed. Again, there is a quarter coil followed by a ‘‘partition.”
From this point there are six ‘‘partitions’ in the following five coils,
without any definite arrangement. A figure shows the arrangement
in the earlier chambers (fig. 5).

Fig. 5.—CORNUSPIRA FOLIACEA (PHILIPPI). X 116. EARLY COIL3S OF MICROSPHERIC SPECIMEN SHOWING
THE ‘““PARTITIONS’ DLVELOPED AT IRREGULAR INTERVALS IN THE TUBULAR CHAMBER. VIEWED BY

TRANSMITITED LIGHT.

Both microspheric and megalospheric specimens occur in various
species of the genus. A megalospheric (fig. 3) and microspheric
specimen (fig. 2) of Cornuspira involvens are here shown in the same
magnification. The number of coils in general 1s in inverse ratio
to the size of the proloculum in the two, but, as 1s usually the
rule in the foraminifera, the microspheric form attains the greater
size.

Development of Opthalmidium.—The developmental stages of
Opthalmidium inconstans H. B. Brady may be taken as showing the
general characters of the genus. In this species (fig. 6) there 1s the
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usual oval proloculum (1), followed by a closely coiled tubular cham-
ber (2); the second chamber may be directly compared to Cornuspira,
and at this stage Opthalmidium has completed the developmental
characters of an adult Cornuspira. The third chamber (3) intro-
duces several new characters. The first of these is seen in the length
of the chamber, which i1s between two-thirds and three-fourths of a
single coil. This characteristic chamber, while seen as a definite
stage in this genus, has not been noted as an adult character in any
known genus. With this characteristic length of chamber comes
another character seen in the tendency to lose the close-coiled con-
dition at the distal end of the chamber. Near the aperture the
chamber leaves the preceding chamber and takes a tangential direc-
tion, thusstanding out from the origi-

nal direction of coiling. The fourth

chamber (4) has the same charac-

teristic length 1n- most cases becom-
ing a little nearer the two-thirds of
a coil, being shghtly shorter than the
plecedln‘:r chamber 3. Toward 1its
aperture it also tends to take a tan-
cential direction, so that 1ts aper-
tural portion stands free from the
preceding coils, At its beginning this
chamber starts at some distance from
the inner coils due to the separation

FIG. 6.—OPTHALMIDIUM INCONSTANS H. B. of the &pertura‘] port,ion of the pre-
Brapy. X (G5 (ADAPTED FROM DBRADY).

YOUNG SPECIMEN VIEWED BY TRANSMITTED Ceihﬂg chamber (3) from the rest of

LIGHT, SHOWING (1) proLocviuM, Fol- the test. As & result there 1s a
LOWED BY (2) A LONG CORNUSPIRALIKE

SECOND CHAMBER, THREE AND ONE-HALF SpPaCe left which 1s filled 1n by a
COLS IN LENGTH, (3 AND 4) cHAMBERS thip plate like portion of shell. A
THREE-FOURTHS T0 TWO-TRIRDS OF A COILIN . 43 oyja 3o h hamb

LENGTH AND (5) THE FIGST ADULT CHEAMEER ~ SHII&T ng 1s seen wiere chamber
ONE-HALF OF A COIL IN LENGTH. DOTTED 5 gtarts its growth_ "These more or

PORTION SHOWS THE FLANGELIKE CARINA. ]ess t,rian gu]ar areas are Shown by
the smalter dotted areas of the figure. Chamber 4 also adds
another really specific character, that of building a peripheral Wlng-
like shell growth about its own outer wall. Thus chamber 4 n-
troduces the specific character of a peripheral wing, although the
true generic characters are not yet attained.

Chamber 5 initiates the adult characters as far as the genus is con-
cerned. This consists of a chamber making a half coill. In this
particular species it also loses the character of uncoiling at its aper-
tural end but has the wing-like growth on its own periphery. Fol-
lowing chambers keep to the character of developing a half coil and
aclose coiled condition throughout.
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In general the genus Opthalmidium has the following development
a proloculum, followed by a close-coiled Cornuspira chamber of two
or more cols 1n length, in turn followed by a series of chambers in
general about two-thirds of a coil in length and tending to uncoil at
their apertural ends, the space thus left being filled in by shell growth
as the following chamber is built, the adult character being a series
of chambers close coiled and one-half a coil in length.

Development of Plamispirina.—Planispirina is a genus not greatly
removed 1n some respects from Cornuspira and Opthalmidium. The
species P. erigua H. B. Brady will serve to show the development.
Figure 7 shows a specimen viewed by transmitted light. There is a
globose proloculum followed by a very long Cornuspira-like second
chamber consisting of two and a half coils of continuous tube. In
this long second chamber there 1s a relatively primitive development
compared to that seen in the second
chamber of Opthalmidium. The third
chamber makes a half revolution as
does also the fourth. This condition
1s much like that seen in S piroloculina
or in later stages of Opthalmidium.

Planispirine diflers from the young of )
Spiroloculina 1n 1ts relatively less ac-

celerated second chamber and also in

its adult characters. 1t differs from

the young of Opthalmidium in skip-

ping the stage having chambers two-

thirds of a coil 1n length, a Stage IN- g, 7.—PLANISPIRINA EXIGUA H. B. BRADTY.

termediate between the long chambers  (APAPTEL FROM BRrapY.) LONG SECOND
CORNUSPIRALIKE CHAMBER PROLOCULUM

of the early stages and the half coill (1) (2)roLLowep sy HALF com LENGTE
chambersof the adultin Opthalmidium.  (CEAMBEESS, 1) AND LATER BYONE-THIRD
The fifth chamber is shorter than the < "o o HrEEs 7o)
preceding ones, 1n this specimen being about a third of a coil in length.
The sixth and seventh chambers complete the coil begun by the fifth
chamber and give the adult character, that of a test with three or four
chambers in each volution.

From the exterior the chambers of the last coll are clearly visible,
but those of the interior are hidden, as there are no definite markings
on the surface to indicate the chambers.

Development of Spiroloculina.—The genus Smproloculina 1s much
more abundant in number of species and individuals 1n the Eocene
deposits of France than it 1s 1n the present ocean. It reached a high
development in the Eocene and a number of senescent forms are seen
in those formations, more than in the recent species which are com-
paratively few and simple. Spiroloculina differs from 1ts nearer

53709°—Bull. 71, pt. 6—17—2
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allies, mainly in its open coil, there being little if any covering of the
preceding whorls by i1nvolution. As a result the development 1s
easlily studied.

The development of Spiroloculina bicarinata d’Orbigny from the
Eocene of the Paris Basin of Vandancourt may be taken as typical
of an KEocene Spwroloculina (fig. 8). The first chamber consists of a
“globose proloculum. The second is the ordinary close-coiled, tubular,
Cornuspira-like chamber with no floor as seen throughout the group.
In this case its length i1s a little more than a half coil. The shell
wall of these two chambers 1s thin and of uniform thickness as in
the other genera already described. The
third chamber at its inception 1s more than
twice as high as the aperture of the preced-
ing one, but gradually diminishes in height
until at its own aperture 1t 1s hardly, if at
all, higher than the aperture of the preced-
ing chamber. In length 1t i1s a little more
than a complete coil. 1t 1nitiates two dis-
tinctive features of the genus. One of these
is the tendency of the distal portion of the
chamber to break away from the close-coiled
condition and to change the axis of the
chamber to a tangential position. As a
result, a tubular neck 1s formed which 1s a
rather general character among the l£ocene
species of Spiroloculina. Another character
which is initiated here is the broad flaring lip
at the aperture. This is also characteristic
Fie. 8_-Sprorocurma scariy- Of @ majority of the species of this period.

ATA D’ORRIGNY. X85. EocENE  'Thig third chamber, therefore, 1nitiates

OF VANDANCOURT, PARIS BASIN. .

SprevEN VIEWED BY Tansyrr.  Several important characters, but not the

tep LIGHT. (1) PROLOCULUM, (2)  one of prime generic importance, the half

SECCND CORNUSPIRALIKE CHADM- . . . ,

apr. (3) rroncatep cmasper, COll length of chambers in a single plane.

(4,5) apuLT cuaMBERS A HALF - Beoinning with the fourth chamber the

COIL IN LENGTH. ] . . . .

specimen is at once definitely a Spiroloculina.

The fifth and succeeding chambers simply add to the size of the in-
dividual or to the specific characters, no generic characters having
becn attained in the fourth chamber.

As the apertural lip when formed extends beyond the rest of the
test, the space thus left is filled in before the next chamber 1s built.
This 1s shown in the specimen figured, which was apparently about to
form a new chamber. This shelly growth which is filled in 1s usually
less solid than the rest and may appear of a lighter color when exam-
ined as a balsam mount with transmitted light. In some species

such as 8. perforata this space is left open and the new chamber 1s
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built without filling in the intermediate space between the neck and
the body of the test. On the basis of this structure a series of per-
forations occur in the adult test along the long axis at regular in-
tervals.

Another group of Eocene Spiroloculinae may be represented by
8. alata Terquem (fig. 9). In this species the second chamber is
shorter than in the preceding (8. bicarinata), being somewhat less
than a half coil in length. The third chamber therefore begins ear-
lier and 1t also 1s much shorter than in S. bicarinata, being but little
more than a half coil in length. As a
result, the fourth chamber which initiates
the complete generic characters begins at
a point a very little more than one coil
beyond the apertural opening of the pro-
loculum.

Other forms which have been usually
grouped as Spiroloculina have a very dif-
ferent early development and will be con-
sidered after Quingueloculina is taken up.

Derwations from Spiroloculina.—In the
fossil forms especially there is a consider-
able development from Spiroloculina as a
base. Uniserial developments take place
in specles usually assigned to Articuling
but apparently donot belong tothat genus.
Another development is that seen in Renu-
lina (figs. 10, 11) from the Eocene of the
Paris Basin. Here 1s a genus apparently
limited to the Eocene of the Paris Basin

F1d. 9.—SPIROLOCULINA ALATA TER-

1s a foraminifer, which in its general form
i1s very like certain stages seen in the
Peneroplis group, in Orbiculina compressa
and Orbitolites marginalis. This form of
test developed similarly in the various

QUEM. X400. EOCENE OF VANDAN-
COURT, PARIS DBASIN. SPECIMEN
SHOWING THE EARLY CHAMBERS
VIEWED BY TRANSMITTED LIGHT. (1)
ProLOCULUM, (2) SECOND CORNU-
SPIRALIKE CHAMBER, (3-5) CHAMBERS
SHOWING THE TYPICAL HALF COIL
LENGTH.

genera gives an excellent example of the
parallelism that occurs in the foraminifera. In these cases the early
development 1s different and the chambers differ internally even while
exteriorly the same general form is developed.

The first four chambers of a specimen of Renulina are shown in
figure 10. There is an oval proloculum (1) followed by a very short
second chamber (2), shorter than that seen in any of the genera so
far considered. This is but a quarter coil in length. Its wall is con-
tinuous with that of the proloculum and of the same thickness. It
builds no floor on the surface of the proloculum. The third chamber

(3) 18 long, making with the second chamber a complete coil. The
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fourth chamber (4) is short, one third of a coil in length, increasing
considerably in height at the apertural end while there is a thickened
flaring lip. Chambers 5 and 6 (fig. 11) are also a third of a coil
in length, making one complete coil with chamber 4. The seventh
chamber 1s similar. At this stage 1t 1s
a closely coiled non-involute test, build-
ing the later chambers one-third of a
coil in length.

Chamber 8 i1s very short in compari-
son with the preceding ones. Chamber
9 is also short but very much higher
than earlier chambers, the outer wall
taking a tangential direction. This
tangential direction of the outer wall
i1s continued in succeeding chambers,

areatly increasing the height of the

G, T reomm op Chambers which in all cases continue
THE PARIS BASIN. X 160. around to the preceding coil. This
makes the form of test noted in forms of Peneroplis, Orbiculina, and
Orbitolites, as already noted. This is brought about in the same
mechanical way by the similar tangential position of the peripheral wall.

According to the published figures,
in a later stage the chambers may
extend back on both sides and form
an extended chamber nearly meeting
at opposite ends so that if continued
slightly an annular growth would re-
sult. None of the series of specimens
examined had reached this stage.

Development of Quinqueloculina.—
Quingueloculina and the various
genera which are derived from 1t
differ from all the other genera of the
Miliolidae in having a plane of coiling
which is constantly shifting with each
newly added chamber, at least in the

F16. 11.—COMPLETE SPECIMEN OF RENULINA,
young. In all the genera so far con- = tue EARLY CHAMBERS OF WHICH ARE SHOWN
sidered the test has been planospiral. ™ FiG. 10. X 13.

As the genera next to be considered coil in more than one plane, a
longitudinal scction can not usually be made so as to show the true
relation of all the chambers. For the study of these genera, trans-
verse sections passing through the proloculum are absolutely essen-
tial. The excellent detailed figures given by Schlumberger have
been freely drawn upon for the study of these structures.
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In Quanqueloculina there is an oval proloculum varying in size in
the two forms of the species, microspheric and megalospheric, as
already noted. It is followed by an elongate chamber about half a
coll in length, closely coiled about one side of the proloculum, and
builds no floor. The wall of this second Cornuspira-like chamber is
of the same thickness and continues with the proloculum.

A longitudinal section of the first two chambers of Quinqueloculina
suborbicularis 1s shown 1n figure 12. This 1s of the same abbreviated
Cornuspira-like type as the second chamber in vari-
ous other gencra already described.

The early development in Quingueloculina rugosa
d’Orbigny is shown in figure 13. The proloculum is
circular in cross section and the second Cornuspira-like
chamber being cut twice 1s shown on opposite sides of
the proloculum at 2 and 2a. The third chamber,

shown 1n cross section at 3, builds no floor, a character Fi6. 12. — QUINQUE-
LOCULINASUBORBIC

usually noted in this genus. Its outline in ¢ross scc-  yrars o’ORBIGNT.
tion 1s rounded and smooth. Itslength, asis that of  Section oF vouxa.
the succeeding chambers, is a half coil. Chamber 4 is ;;02100 S%;ié;;ﬁ
added 1n another plane 144° of an arc from the posi-  6Er). P.rrOLOCU-
] . . LUM.

tion of 1its predecessor, chamber 3. Chamber 5 is

added in a plane 144° from chamber 4, and so on for the sixth and
seventh chambers. With the seventh chamber the generic character
is attained, that of a test with five chambers visible from the exterior.
Additional chambers are seen in figure 15. Chamber 8 is added in the
same plane as chamber 3 and covers it; chamber 9 in the same plane as
chamber 4, and so on. Succeeding chambers are added in planes
144° from one another, but the five planes in any one cycle are de-

veloped 72° of an arc from one another. This
13 similar in a general way to a 2/5 arrange-
ment in the phyllotaxy of plants where suc-
ceeding leaves are developed 144° from one
another, but the whole cycle of five leaves is
made up of a series of radial planes 72° apart.
In the vertical axis two and a half revolutions

rl&i&iﬁﬁnﬁ?iﬁi .. are made by five chambers, as each is a half
p’OrBIGNY. X 300 (apartep coll 1n length, while in the horizontal axis two
FROM SCHLUMBERGER). cycles are made before a chamber is added
directly in the same plane as the last of the preceding series. In typical
Quinqueloculina, then, after the seventh chamber each chamber is
added directly outside its fifth preceding chamber. In Quinqueloculina
the generic character is completed with this development, and in
further growth simply an increase in size results from the addition
of new chambers in<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>