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PREFACE

The classical volume of Dr. W. B. Carpenter, written 

in conjunction witti Professors Kitchen Parker and 

Rupert Jones, is still an exceedingly valuable book 

for workers in this special branch of study, for it 

contains the pioneer work of those author

on

the

morphology and microscopic shell structure of

Foraminifera. 1 The monogr of Drs. W. C.

Williamson2 and H. B. Brady5 are aiso indispensable 

as works of reference. But these and others more 

recently published are voluminous and not always 

easily accessible to the student ; whilst the increas

ingly large number of smaller works on the subject, 

written by Continental, English, and other authors, 

which have from time to time appeared in the 

various publications of Scientific Societies and in 

periodicals and journals, are quite outside the scope 

of the general student’s reading.4

1 Introduction to the Study of the Foraminifera. Ray Society 

publication. London, 1862.

2 The Recent Foraminifera of Great Britain. Ray Society’s publica

tion. London, 1858.

3 Report ori the Foraminifera : H.M.S. 4 Challenger,’ Zoology,

vol. ix. 1884.

4 For the literature on Foraminifera to 1888 consult C. I). Sherbom’s 

Bibliography of the Foraminifera, London, 1888, and the supplemental 

work, to 1898, by Paul Tutkowski, Cracow, 1898.
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Of late years aiso much attention has been 

directed to the elucidation of the life history of the 

Foraminifera and other groups of the Protozoa, 

whilst fresh discoveries concerning the geographical 

distribution of the fossil Foraminifera and their range 

in time have served to mahe our knowledge of this 

group more complete, and in some cases have 

disturbed the generally accepted ideas about the 

early, if not the actual primaeval, forms of these per

sistent types of animal life.

With a view, therefore, of meeting a demand 

which has arisen for a concise account of the 

Foraminifera, suited to the requirements of the 

student of Natural History and Palaeontology, the 

following pages have been written.

For friendly criticism of the earlier chapters of 

this book, and for valuable advice, I ani much 

indebted to Professor G. B. Howes, LL.D., F.R.S. I 

aiso take this as a fitting opportunity for expressing 

my thanks to Professor J. W. Judd, C.B., LL.D., 

F.R.S., for the facilities granted from time to time, 

in the laboratory of the Royal College of Science, for 

working out and recording observations on various 

deposits, fossil and recent, without which some 

sections of this book would have been incomplete.

F. CHAPMAN.
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NATURE AND OCCURRENCE 3

sands, however, may not contain the living animal, 

since they have probably drifted and floated on the 

tide for some length of time.

The shallow-water sands of the Grecian Archi

pelago and the Levant

1

contain a large propor

tion of foraminifera! shells ; and by taking a common 

washing sponge, obtained from sueli a locality, in the 

dry state before it has been used, and shaking it over 

a sheet of paper, we may obtain a quantity of line

Fia. 1.— Foraminiferal Sand 

from Tide-marks on the Shore 

at Littlehampton, Sussex. 

x 26. Original.

Fia. 2.—Sand from a Common 

Sponge, consisting of Fora

minifera, Sponge Spicules, 

Ostracoda, Shell Fragments, 

and Sand Grains. x 26. Ori

ginal..

sand which, on examination with a lens or low-power 

microscope, will often reveal countless shells of the 

Foraminifera (tig. 2).

In order to see these tiny creatures alive let us 

take some fresh seaweed at low tide and place it in 

a glass jar of sea-water. After a short space of time 

the Foraminifera will be seen moving over the inside 

of the vessel, whither they have travelled from the

ii 2



4 THE FORAMINIFERA

seaweed, and they can then be observed witti a 

moderately powerful lens.

Living Foraminifera are very beautiful objects 

when viewed by means of a back-ground illumination, 

using an objective of about 40 diameters. The shell 

under these conditions appears surrounded by a sort 

of cobweb of extremely hue sarcode threads, which, if 

observed closely, will be seen to exhibit a streaming

Fig. 3.—Haplophragmium 

Extended Pseudopodia.

.Nonionina silicea with 

x 72. After Schultzea

movement, owing to the rapid circulation of crystalline 

particles in the sarcode, reminding one of the cyclosis 

or circulatory movements seen in the cells of certain

s figure of aplants. A reproduction of 

living Haplophragmium, given above, affords a good 

idea of the appearance of the living organism (fig. 3).

FLoiv to find Fossil Foraminifera.—Fossil speci

mens may aiso be obtained with very little difficulty ;
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Ü

as, for example, by crushing a piece of soft white chalk 

under water, and repeatedly washing the residue, 

taking care that nothing but the fine milky fluid is 

thrown away during the process of lévigation. After 

drying the residue, the powder thus obtained will 

probably yield numerous specimens of Foraminifera. 

That some chalks and limestones are largely com

posed of foraminifera! shells we may see hy examining

Fia. 4.—From a Photomicrograph of a Thin Section of Chalk 

from Missenden, Buckinghamshire, x 36. Original.

thin slices of these rocks from certain horizons. Fig. 

4 is taken from a photomicrograph of a section of 

the chalk-rock of Buckinghamshire ; in this zone the

Foraminifera are always abundant. The separated 

microzoa often contain some handsome forms, as the 

next illustration (fig. 5) will show. To he successful, 

however, in extracting Foraminifera from the chalk, 

it must be borne in mind that some strata are almost
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devoid of these organisms, and a little geological 

knowledge is requisite to secure a suitable piece from 

the proper horizon in the chalk series.

The majority of the Foraminifera are of marine 

habit, although many such species are capable of living- 

far up the estuaries of rivers, provided the water is 

brackish and well within the reach of tidal influence ;

they are as a nile thin- 

shelled, chitinous, or 

dwarfed modifications of 

the more robust marine

under onditions

types. A. few forms aiso

are exclusively of fresh

water habit.

The shells of Forami

nifera are usually micro

scopic, averaging
from

about 1

2 5

incii dowii to

Fig. 5. Foraminifera washed
l

from Chalk-rock near Dun

stable. x 36. Original.

loo

but

inch (1 to 

there

• 0/

are

5 nini.), 

certain

genera which attain

a

comparatively large size, sueli as Orbitolites, which 

sometimes reaches a diameter of t7q inch (1-75 cm.); 

Nummulites, with a diameter of 4-| inches (over 11

cm.), and Cijcloclypeus, inches (5*7 cm.) There 

are aiso other genera, such as Carpenteria and Poly-

their accumulative and encrust-freina, which 

ing growth form large masses of shell material, often

reaching 5 inches iii lateral expanse and an incii and 

a half to two inches iii thickness.
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age, and in sueli case the earlier aspect of the fauna 

would return at a later period, provided there did not 

elapse too great a space of tinae, when the former 

marine conditions recurred.

The Foraminifera have in past geological times 

been among the most active agents in building up 

the sedimentary rock masses of the earth, by secreting 

the carbonate of lime from the waters of the ocean.

Fig. G.— Terrigenous (Green) Fig. 7.—Globigerina Ooze, x 24.

Mud, with Foraminifera, x 24. North Atlantic, 2,760 fathoms. Original.

Oh Cape Verde, 284 fathoms. Original.

This work is still being carried on by them around 

the shores of continents, where their accumulated 

shells go to form, along with the land débris, the 

terrigenous deposits (fig. 6), and over large areas 

of the ocean floor, where, intermixed with coccoliths, 

they form the well-known Globigerina ooze (fig. 7).

The organic rocks formed by the agency of 

Foraminifera are often of very great thickness and 

extent, and foraminifera! rocks are found inter-
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there may be a denser covering or cortical layer, 

derived from the same sarcode body. These inner 

and outer portions may be termed respectively the 

endoplasm and exoplasm.

A good example of the protozoa may be seen in 

the amceba, which is common in pond water (fig. 8).

Protozoa may, at one time of their existence, 

form a coherent group or colony of cells. This, 

however, is merely a case of cohesion or aggregation 

after the increase of the original cell.

Fig. 8.—Amœba proteus. x 500. Ovir/incii.

n = nucleus, v = vacuole, f —food particles, c = crystalline bodies.

With regard to the phenomena and ordinary 

structures observed in protozoa we may notice the 

following as of most importance :—

The Nucleus.—This is a small more or less solid 

body present in nearly ali protozoan cells, having a 

granular structure, and sometimes containing smaller 

bodies of a like nature (nucleoli). It is capable of being 

stained with various reagents, sueli as picrocarmine, 

hæmatoxylin, or methylene blue. For the reproduc-
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cell-contents giving rise to independent organisms. 

This latter process, however, seems rare in the 

Foraminifera.

Fia. 9.—Stages in the Longitudinal Fission of a

Flagellate Monad—Dallingeria Drysdali.

N = nucleus.

Protozoa are distinguished from the other and 

higher groups of animal organisms, sometimes collec-

t

Fig. IO.—Karyokinetic Division of the Nucleus in Acanthocystis.

A fie ) ‘ S c h and inn.

tively termed metazoa, by the absence of any struc

tures resembling the organs and tissues of the higher
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unfrequently it happens that at a spot where two or 

more filaments meet and fuse together a lamina is 

formed by the expansion of the viscous protoplasm 

that flows towards this point ; and from such an 

expansion a new set of thread-like processes is given 

off, as from the central body.’

Fig. Io.—Sarcode Body of Rotalia Beccarii, Megalospheric 

Form, with a Nucleus in the Eighth Chamber, x 170.

After Lister.

As in the case of other protozoa the Foraminifera 

possess a nucleus, and sometimes contractile vacuoles

(fig. 13).

For a long time, however, the presence of a 

nucleus iii the Foraminifera remained undiscovered. 

It was in the genus Gromia that Dr. Walindi, 

the pioneer of deep-sea research, first observed it.
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nucleolus was found, but there were often as many 

as twenty or more in full-grown specimens. Schulze 

aiso noticed that the nucleus occupies a position in 

the middle third of the series of chambers, and often 

lies partly iii one of the narrow canals connecting the 

chambers, being preserved in its progress from one 

chamber to another. The position of the nucleus is

Fig. 14.

1. Nucleus of Polystomella crispa (L.), megalospheric form. *2. Nucleus with large 

vacuolated nucleolus, in P. crispa, o. Nucleus of same species, which has lost 

its rounded form, lying within four segments. 4. Nucleus of a megalospheric 

specimen of Rotalia Beccarii. After Lister.

thus dependent on the number of chambers in the 

individual1 (fig. 16).

That the presence of a nucleus is essential for the 

growth and reproduction of the animal is proved by 

sueli observations as that of Yerworn, who broke up 

a specimen of Polystomella, the larger pieces re

maining alive, as shown by their extended pseudo-

1 For further details of observations on the nucleus of the Foraminifera 

see Lister, Phil. Trans. Roy. Soa. vol. 186 b, 1895, pp. 401-458.
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podia, and only those fragments that possessed a 

nucleus were able to secrete fresh material to repair 

the broken shell. The outer surface of the nucleus, 

and even the nucleoli, are often covered with fine 

strands of chromatin forming a reticulum.

The nucleoli (fig. 14) appear to be the active 

portion of the nucleus in effecting the reproduction 

from an old nucleus by the formation of a morula-

Fig. 15.—The Successive Stages in the Division of the Nucleus

in Calcituba polymorpha. After Schaudinii and S chili mb erger.

like centre within the nucleus. An interesting series 

of stages in the reproduction of nuclei in this way 

has been described by Schaudinii in Calcituba 

polymorpha, a Foraminifer from the Adriatic Sea 

(fig. 15). He shows that the nucleus, surrounded by 

protoplasm, is invaded by the latter, which breaks up 

into globules, penetrating little by little into the 

nucleus. The protoplasm disintegrates the chromatin
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kept in sea water. Further, in 1856 Max Schultze 

noticed an example of the same genus which, after 

remaining on the side of a vessel containing sea 

water for from eight to fourteen days, produced about 

forty young individuals (fig. 16). Their shells con

sisted of a central chamber wdth a second chamber 

coiled partially round it. The condition of the 

parent shells after this process was sueli that

Fig. 1(3.

1. Miliolina from Trieste, surrounded with young, x 15. ‘2. A young specimen more

highly magnified, showing extended pseudopodia, x 330. After Schultze.

Schultze concluded that the protoplasmic contents

are used up in the formation of the young, for

#
nothing but a little granular matter remained 

behind.

Both Ehrenberg and Strethill Wright, a few years 

later, observed the tiny shells of young Spirillina? 

living within the mouth of the individuals of advanced 

growth. This particular fact, indeed, suggested to
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CHAPTER IV

THE SHELL STRUCTURE OF THE FORAMINIFERA AND

THEIR PLANS OF GROWTH

It is due to the fact that the Foraminifera present 

sueli an extensive variety of regular and beautiful

e/ CU1

forins that their shells are so much in favour with 

beginners in microscopy.

Fia. 18.

a, Test of Cristellaria crepidula (F. and M.) ; b, siliceous internal cast of the 

same species from 4 hint-meal,’ Upper Chalk. Highly magnified. After Eley.

The plan of the shell is dependent upon the 

arrangement of the continuously budded segments, 

and this is partially determined by the form of 

the primordial or initial chamber. It may be that of 

a straight series of segments, gradually increasing
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iii size, as in Nodosaria ; 

or coiled, as in Notalia.

curved, as in Marginulina ;

The shell is, as it were, moulded upon the 

sarcode of the organism, and when we can obtain 

a cast of the shell—and this often happens in the 

case of the fossil Foraminifera—-we have a perfect 

representation of the form of the animal (figs.

18, 19).

This feature of continuous segmentation of the

Fig. 19.—Anomalina ammonoides (Heuss), Upper Chalk.

After Eley.

a, Shell ; b, internal cast. Highly magnified.

body in the Foraminifera gave rise to the term Poly

thalamia (many-chambered), which was applied to this 

section of the order by Schultze. It will be seen subse

quently (Chap. V.) how the early observers were misled 

by the external form of the Foraminifera, which, in 

spiral shells, such as Cristellaria and Polystomella, 

resemble those of cephalopods, as Nautilus and/Spirilla, 

except that they are much more minute. The inter

nal appearances of the shells of the two groups are,

o
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septal face of a foraminifer, and they constitute 

the external apertures of each chamber in succes-

20.—Median Sections of Foraminifera, showing Stolon

Passages through the Septa.

Peneroplis, with imperforate shell-wall ; b = Cristellaria, with perforate

shell-wall.

sion as the segmental buds are added to the

shell.

growing

Fig. 21.

Apertures (n) on the septal face of Peneroplis pertusus. 

B, Single aperture in Anomalina ariminensis.

more numerous in the imperforate group, which, 

generally speaking, has a series of apertures, as in
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op

iind Orbitolites ; but are ited
iii

Perforata, as the name sub

tile perforate group usually by a single opening or 

slit placed either on the inner or outer border of 

the shell in curved and coiled forms (dim 21).

The group of

gests, is distinguished by having a tubulated shell- 

wall.

aiso iii diameter iii the various genera. Usually 

the number of tubules varies, according to tlieir

The tubules vary greatly both iii number and

a = Coarse tubuli in the sliell-wall of Carpenteria ; n

Original.

fine tubuli iii Amphistegina.

size, iii a proportionate manner ; that is to say,, 

the coarsely tubulated shell-wall has tubules placed 

at considerable intervals, whilst the finely perforate 

types have the shell-wall crowded with them. Those

have coarse tubules appear punctate 

when the surface is examined with a lens ; but 

surface punctations are not always indicative of 

tubulatum An example with coarse tubuli is Car-

v

via, iii which the perion have a diameter

of ri nini. (fig. 22, a). The tubuli iii Amphistegina
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are very line ; they are about *01 mm. iii their 

transverse section (fig. 22, b). Certain parts of the

shell are not tubulated in the h} 

group, and these layers may

(

>r perforate

he regarded

as an

exogenous

growth. This secondary structure is 

found only in the higher types of foraminifera! 

shells, and chiefly iii those which have a double sep-

that is, a complete and separate investmenttuin

to each segment, as iii Biat alia (fig. 23). It b

s seen

28.—Median Section of Rotalia

Canals (int. c.), Exogenous 

(t.). x 30. Oria incii.

Beccarii, showing Interseptal 

Shell-layer (ex.), and Tubuli

on the external part of the shell, filling up sutural

and umbilical depressions, and even forming

a thick superficial coating to the shell or internal

pillars, thereby adding greatly to the strength of

tire shell-wall. This layer often imparts an orna

mental aspect to the surface of the shell iii the form 

of beads or cones with the apices directed inwards,

as iii C y cloclypensand the convex bases 

(fig. 24) ; or it may take the form of spurs and
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Gromiidae have no calcareous shell, but are eliitinous 

or horny iii texture. This particular kind of inv

ment is

i n a T m s l n pellus

tia and in soni

the family Textura!

usually arenaceous

«/

o*p

* X ) - *

'Isom i * TI v E Terminology

Before proceedin

i >

rs

;o ■*t .*1

of the

SEPTAL LINES

X

V

Vs

; PERIPHERAL

ARGIN

UMBILICUS

* »

• PERIPHERAL 

MARGIN

SEPTAL FAOE 

-APERTURE

SEPTAL LINES

% »

'SP!RAU SUTURE

Fig, 20.--An Envoi
jUTK

Kai'itLOII) Y
OKAIUNITE

B. N<

✓

)N ION INA I >EPKESSULA,

/

TO ILLl’S Iii XT K THE
Extee

ENAE
Pakt:

> OF
the She:

Li 1..J »

it will be- weIl im gi\
a

few■ of the terms used iii

de:scribing' the

■ pa
ais oii the shell ;and their relations

to
one

ano the:

r.
( S e e tig. *2b.)

The outwilixi indie at id L Of the
sei

itiini is usually

t

either a ridge
or

depres si on—the

HC-p

tai line
* ; some-

«/

cial area of the 

-s■cjjfaJ face.
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I' j(

guy's c 1 a s s i li e a t i o n,

forms in seven I

O’

o*

COI

in idea of great

variation in the foraminifera! shell.

1. Monosiga.—
single sen'

A

rica!,

iii

and

as in ( 1

MONOSTEGA

LAGENA ORBULINA
CYCLOCLYPEUS nodosaria MARGINULINA

HELICOSTEGA ENTOMOSTEGA ENALLOSTEGA AGATHISTEGA

CRISTELLARIA DISCORBINA BULIMINA

Fig. 26. ......TVOrbioxy’k Classification' of tol For,amixifetîa,

✓

ILLUSTRATED BY SELECTED TYRES.
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f /
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possible to take a large series of a common form fron

l

to arrange it crad By this

means we can

mine that the two

extremities of the series have as high a specific value

J

Ifas many so-called species which occur but rarefy 

this can be demonstrated with a series of specimens 

from a single locality, it is easy to conceive what an

enormous variation obtains with regard to what we

im anine to
a

i type over the whole of the

gh this is true of many of the

For are numerous type
; w

are well worthy of a specific name, for

7
present

marked characters of
own (

c

urd have shown

persistent characters throughout many successive

O’

eological ages.

againstmg ali that has been written 

the principle of using the character of shell 

as a prime factor in the classification of the Fora

minifera, this method has very much to recommend

it besides

e r

?

some me

rits for being a m
arrang

ement, so far

as it brings together certain

one <

another, even if they haveare clearly related to 

not emanated from the saint

The classification of H, B. Brady (1884) is based 

on the earlier systems of Heuss (1861), Carpenter,

Parker

5

Jones (1862), and of Hupei!

The chief differences iii Brady’s classification are the

amalgamation of the ft 

sub-familie

A C2s

the institution of

s ; the creation

* t R o a h I z I ive , which receiv

a new family, tlit- 

large accessions by
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But, witti the exception of these perhaps unavoid

able discrepancies, Brady’s classification has the

of being quickly and easily understood by the

student of Foraminifera, and it holds the

field in

use of it.

of the of writers who still mahe

three of the latest classifications of Foraminifera.

did

ra, R. Hertwig.)

• •

*
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Dermanent seimration of the chambers.

strong

rn
av are 

leserve

l Die Artbildun”’ limi Yer\vandtsclmft bei den Foraminiferen/

rn

1

übingcr Zoologische Arbciiettj Band iii. No. 6. 1899.
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CLASSIFICATION

Meanwhile we are pertorce necessitated to accept

a simple and rea , although more or less artificial

J

system, sueli as that

7

H. B. Brady in his

Report on the ‘ Challenger’ Foraminifera.

The idea been advanced

7
certain

* 7ns

the earlier ty

probably straight

of

sandy

va were

C
CXj

a seer

tubes, without 

segmented or 

urd subsequently iii later times by 

shell of a calcareous nature. Detailed

irtitions, followed by coiled and

See Report ChaUenycr^ vol. ix. 4 Zoology, pp. 60
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noL'orosstca, var.
T T’

?

Ivarrei

w
. k

• .
v.

1 ri

kj kj •

T ?

?

v

• -à-

. 1

5

(1877), p. 281

5

, figs. 11-25.

rThe species named above, of which the

nodula is a

t ion, is a

f) O'CY
? aoo

ÎK-WÎ

ailed nubecularian iii its ical form

?

but otherwise somewhat like

rn varieties of AT

lucifuga iii contour.

nocoroxstca occur iii

orca iii

the armatum Sands (Miocene)

of Bessarabia.
:;\y av

>rage 3 to 4

mui. iii diameter. The writer 

fication of this form as occurring iii the Chalk



jÏOLINIXÆ.

r

on i

nii
K i \ i i \ l-\ il - «

J- lit* t Hellii Utl b

rn

*

Homii

1 For references to other species of this genus ami those that follow

consult Sher horn's In de. /
■ i\v

(hnicra and Species of the Foraminifera.

Only one or two important types of each genus can be given here, on 

account of tile limits of space.
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a Humean system oi nomenclature, gave

it tile name of Ali! tol if es ringens, the

O'

o

\

being used at 

the

equally for tile biloculine, 

quinqueloculine types.

I ringens is a typical form of

genus,

a

1 )

J.
> I I */ > sex tui

idium

■mg na rr

of the

bulloides more globose.

B. ringens makes its

we know', ui 

the Paris

Tertiary

it

K

-, and Pleistocene ages.

5

ower iii section and B.

so far as

of

occurs iii strata of
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is (-liei

with
gn

y O

it a rough

alice, as its name im

1 ri v as

occurring in the

It

•die of

was

iii

the

7

and it has since been found in the

Folkestone-Gault. At the

edgings iii

day it occurs in

the I
juwer

Lias to Beaent. (Plate 3, figs. A, a.)

n.

c

imitata, Lamarck 

is.’ vol. V.

7

352, Iso.
0

1 1

form

4 Anim. salis Wrt.' vol. vii. p. 613, No. 4 

The chief features of 

complanate and s 

surface of the c

are a sui

shell, with the

rs not thickened at
e

;s, as P

as S. iillibata and

S.

I CSS

H. planulata is commonest
iii sua W( » *

?

as a fossil it seems to range from the Carbo-Penn ia n

onward, if its occurrence in Tasmanian rocks can be

• />

\ I»

(Plate 3, figs.

Geni;■ s Miii

7

b.

1 7

ILLIAMSON

1
ii'it

C
s nice

round the long

n Tri Ci

of

7

so that usually three or five are

o c c ii p}ung i 11 r a
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earliest workers ori this group of animals. Lins fo

limi//.

Jae

Examples.

sp

:l acu).SI

i/a) h/cornU, Walker and

ci

pi.

bicornis), lacker’s edition of

s’s ‘ uufi es on the

i

fi * >‘ *2

. nn. -t

•roscope,’ 1798, p. 633

?

c

?

III

water very rarely

leper

. It is

species.
■"1

1 / S\ 1 *
k

o 

ov

tias {

well-known British

n that this species

belongs to the type Adelosina of D’Orbigny, and thai

it has a distinct str

internal am

ing of its own in regard to the

f
emili

s—that is to 

na has its oir

gi I spile re completely enveloped by the first chamber,

sa^\

tJ

T, iii th form
delosi

Q n 3S
‘Uii

a l*.

It
■war

< mgh the

•Hime,

riloculine,

4'
c

quiiK } stages.

M. bicornis occurs iii

111

the

Eocene of the Paris Basin and the London Clay, the

Miocene of Vienna and C (Victoria), and

in the Pliocene

0

f Ital i

8

St. Erth, and Suffolk

Eo

cenc

fo Urn 1/ t. (PI
at»

% C.)

AI. obloiuja, Monta
gu sp.

(IVnniculu ui oblongum)

‘ T<est. 1Brit.’ IHI)3, p. 5dd , pi. xiv . fig. 9.

One of the c

0 111 inoi i e s

t f(
inns

of the fdiallow-watei
1 %

IT*

i.?.
oni tao

It

1 01°'
A1n

lit1 d

test, the chambers of which are inflated and smooth.

It e

the exterior of the

three, s

. 01

five faces on

is found fossil

iii the IT Chalk of Taplow, the London Clay
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EXPLANATION OF PLATE 4.

F [c.

A.

1 ’ c

Cornuspira involvens, Eeuss. x 80.

B. b. Peneroplis arietinus, Batseh sp. : 6, oral aspect. >; 20

C. Peneroplis natus. F. and M
sp x

20.

I). Pener

5

of
{J : '•* «•* cr

ö
♦ r I * .J L » ats.

r? x 13, -
e x c

F, ƒ. Orbitolites complanata, Lani.

and vertical sections

t. * v

Orbiculina adunca, F. and M. sp.: e, half-section of a fragment

s) : ƒ,

X 80, ƒ X 36.

G. ff, Alveolina Boscii, I>efr. sp.: <j. transverse section (after Brady).

's

Keramosphaera Murrayi, Brady. 7

* ^
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tions, but with one end closed, as in J acu J eli a and

Hyperammina, whilst some sinuous and branching

forms are represented by lihiza iii ni i//a. 

The typical Astrorhiza has a

com

fine sand and mud ; primordial

is

the
e

al swollen part,, from \\

a series

of

• k

type form are in Dendrophrya, the

w

are usually

4
t

irregular

S . f

of

of the

(

if

s of

Syringammina is a complicated radial growth of

■s, the whole test having a spherical

contour.

A ramifying network of finely arenaceous

to

genus Sa yeri ina

i
<

algæ is represe

In lilia hda nini ina the

tubular and radial, the arius 

to three, 

straight.

ui

is

coarse arenaceous.

i arms being limited iii number

c rays,
which are

O'

enerallv

e/

ture of the test is usually

Marsiindia is another tubular

form, with 

normally com

apertures at both ends ; and its test is

of short spon

ge si

in little bunches as it were side by side.

tJ

1So na is distinguislie from

s

s

Hypera malina

peculiar inner

having regular oi

)f

*

(

some

ai ght

S

'-*S

J

test, which

iii

former genus is irregularly divided by par

?

rn
roco

;rior is hibyi’

Audi

gei y emoi is' )

h

is singular in

uii g a. s

somewhat different structur

( Olll A

(

)f sri;oi;m/.ih.r. for in this ge

' o

mis wc have i

cations of a ariially septate test, connee
g it wi



112 THE FORAMINIFERA



[



STIiOlîHIZ

\\ '<

s (

v
"T



r





THE FAMILY A8TRÜKHIZIDÆ 117

spicu
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Aperture
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PLATE P*
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THE 121

J-

1 Tj

K

c
c

md

LlLE.

■11»

w

>

i.

?

« -■

?

* L \

fr

Height

J

1

conica-, Jennings, 4

ight slightly

from the

->/•/>,

%a

J

o» 11

Composed of spicule

" a small amount of

1 mm. From the Faroe

Limi.

arranged

^ /
1

to the apex. Base of

(Plate 5, fig. II.)

J

at

( 1
TEXIS

j

Sajis.

rn......

, L.

long, cylindrical, slightly

form of a straight or curved tube open

Example.

4 4

often

? J J

mis, G. (). Bars,

?

J

P

g : in the

4

a

iii

very

gth.

Ion# c
iii

wa

4 Ke]»

ix. 1884, p. 248, pi. xxvi. figs. 15

ci i J

« 1 v*

light

o

o

the livin

o r

O’

or nearly

O

It is a rare form, and h

■ «
:a r\

* i > '

Sc

y

. In

*
EMC l

irs, G. 0. Bars,

?

Jl. C.

1

a
*

a

T*

orman, 

man).

?

Recent.

ma

?

5, fi-, I.)

M. B acu ammin inoa

' T

•s nearly spherical ;

grams



T TT 17
V K*

( T K x r s

f,
l

rn

4 TT

l k.

?

?

P

5

«y

*i r<

levi ►

1 J. .1 V-. U JL JL V l vao. » •

both

t

k

mt;* J ura nsi c and .timmi.

-i.

<y

o

■ < ?

rn

.j*
T

01

✓
4

»

> «
O c

T

.»*
t

4

T

J o u rn.

*1 C oeen iouna ui various Dans

"<r

^L. " «

aoi

lile

C ► ? «
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g Hito

o

s

long

V * ( I

aces of shells or

n

wall

*
(

•(Jo to -2 mui

T o I»

n^
\'£2 l'1

1
of

the identity of Girranella with n

J

it

is more 

of the G 1 O' 

(U0
I..1

common iii certain

h J

)
>/*/■) I *e

(), tin. F. )

G k x r s
* ,
S

1

>

J_ -a.

rn

ile:

(

1

•gely c

cially near

oi s

Ç
4 y

?S, OS

>/ '/> ),

at

m

j jj

188*2, vol. xi. p. 

p. 265, pi. xxiv. tigs. 20

7

mimes iii

nea'

A T
4

?

4 4

O, tig. G.)

c. Soc.

? ? 5

X.

It is widely

Genus

> U 
IO,

or

re/ie

1 >

central

the a.

rn

( )

open “

VT

O' *

n ?

Ir, \
>TiE

1 >

t.
r y t

'7

44
X.

7

8;
•o 4

'5

p. :

?

?

p. 2G(), pi. xxi

4 Hep.

tigs. 1 IO.

i n )





( i E x u :
s

{h /
S

K J

lT
m u / « ir 1

j j •

7/.

asses

> *

"T .s.

• ^ y

ii eco
ui

u ?

'« • more or

, ‘ Quart. Journ.

0, p. 39, pi. iv. figs. 16, 17

a V»

of the soa bottom.

Recent.

K

I*

y «y ;

/ '

the surrounding

A V

i V.' »

or fine sand, at 

with minute obiects, as

organism

It is a

(i, figs. J,

) - \v ;

t i !•: X ! ' S 1

+. 1. J- \ *

J

(Y

? J

of shells or

i *

?

rn

of

of

types.

E

t >* t*

lene

± A.

J-j Ij •

i

pi. V. fig. 1.

nii

' 1 r>

by James

entis natural])'

Milnia

y

y

. B.

y.

O*

^ / - O

J

T

S

iii its distribution, to the ;

for

‘ a ge

1 t

ood for these

# 1

. Journ. Mier. Sei.’ vol. xix. N.S. 1879, p. 41,

M H1*
Cl

renions ui

O

8.

i n
iiig test

t i





THE FAMILY ASTRORHIZIDAE 129

K



130

Psammosphaera fusca, Schulze (after Brady). 

Sorosphœra confusa, Brady. x 8.

4.Saccammina fusulinifonitis, M‘Coy sp. > 

Saccammina sphœrica, M. Sars (after Brady).

Jaculella acuta, Brady. 4.

X

F.

G.

H.

I.

J.

Hyperammina vagans, Brady. x 8. 

Marsipella cylindrica, Brady. x 8. 

Rhabdammina abyssorum, M. Sars. x 4.

x a
catenata, Norman, sp. (after 

Rhizammina algaeformis, Brady. x 4.

Rhizammina algceforalis, aurore highly magnified fragment, x 20

Saaenina frondescens, Brady so.
X

8.

M. Botellina labyrinthica, Brady. x 8.

N. Halipjhysema Tirmanoiviczii, Bowerhank.



Family III

K
9
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sand with little or much calcareous and sarcodic

of smallercement, as in Haddonia ; of the 

Foraminifera with or without an 

careous mud, as in certain species of Haphyliragmiu m

of cal-

found iii Glob

i 'I
ze ; of s

calcareous mud, as in Reophax arma.

spicules and

or even

consisting of tiny fusiform spicules of a calcareous

nature formed by the r

?

as in Carterina..

derance o

The labyrintha genera iii the Lituolinae 

to be normally adherent to marine objects, as shells,

either attached to astones, or algae ; and they are

extent by the proximal end of the test or are

adherent along their whole length.

A thin arenaceous



Loftusiidae.

The

is an O
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LITUOLIDAE

specific characters with any form of the saint
1 genus

7now found living.

H. rionioni/ioides, Heuss

Wien,5 coi. xlvi. 186'2, p 

The test of this 

particles of medium 

ruddy brown c 

glauconite i 

well rounded

5

fig. C.)

c

J

k.

« 1
no*

?

. i. fig. 8.

form is composed of sand

coarseness, of a fue grey to

)

with occasional chips of green

. The contour of the shell is 

fairly subglobular in form, but

at the The

4*1 1*»

ture is very nearly central on the se

shell, 

quite a

to iii geological

face of the 

time, it is

airs iii the

l an

Gault both of

tig. D.)

; for it fi 

of England and afterwards iii the

. (Plate 7,England

Genus Placopsilina, D’Oebigni

Pecen t.

1-
Jurassic to

H

A

YMPLE.
V. cenomaua, D’Orbigny,

Paléont. ? vol

11.

i
I.»

?

p. 185, No.

iss.

‘ Denkschr. k.

p. 71, pi. xxviii. figs. 4, 5.

Borne of the modifications of 

of a long sinuous series of t 

some allied forms are

• •Wien,’ vol. vn.

; species c

se°*

?

W

m fig
’O

given
e is from an intermediate type of shell

t/ J-

ars

to be c of corai sand. rn

j,
✓

.y

is usually seen with a spiral coinmenc

J

•y ards running off into a

» n it s.

Some of
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141THE FAMILY LITUOLIDAE

Test free, uniserial, straight,
or arcuate ; never

spiral. Chambers labyrinthic. Aperture terminal ;

porous or dendritic, rarely simple.



THE

‘1

k
“1

.s (b ►
i'» p

t k
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»

EXPLANATION OF PLATE

'Mudiformis, Brady. x 50.

Fia.

A.

B. B. scorpiurus, Montfort (alter Brady), x 15.

C. Haplophragmium Humboldti, Reuss (after Hantken). x 18. 

B. H. nonioninoides, Reuss (after Chapman). x 30.

E. Placopsilina cenomana, D’Orbigny (after Brady)

F,ƒ. Crithionina mammilla, Goës. x 11.

G. Verrucina rudis,

x 30.

k 3 •
x 7.

H, //. Haplostiche Soldanii, Jones and Parker (after Brady), x IO

I. Lituola placentula, Chapman. x 14.

J. Bdelloidina aggregata, Carter (after M. "Wright’s drawing).
X

X o.
K. Haddonia torresiensis, Chapman.

L, l. Polyphragma cribrosum, Reuss (after Perner). x 8.



t

PLATE • /

AI A

Family IV. LITUOLIDAE

I



T PT V Pi AFT T , V I TTlinr m V. r»

ru.
* ï

4

I
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FAMILY LITUOLIDAE 1

found it iii the Pacific Oc from

fathoms, and iii the Caribbean Sea the G uii

of Mexico from to 1

?

nii.

i rn

ex
O'

O

’ obt d it f the

I

deeper, and from the X. Pacific 

iii the very deep area at 3,125 fathoms. It has been 

found as far north as the southern coast of Norway 

and the Faroe Cc I'botiiferous to llecent

«0

cm
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Ge
1
,xus Orbitolina, J)

Test conical, more or less 

of an externa! series of

iresse

?

or more careli

spirai chambers, divided into ehamberlets

a

central aggrega of compressed ehamberlets, in

which the partitions are either labyrinthica or arranged

iii tiers.

fairly f

IT

A v

O L 1

of cone usually excavate. Shell-wall

arenaceous ui texture. Lower
* o

.
c

md explanate type of this genus is

7

the C udoi ina cretacea of I)’Orbigny 

Example.—0. concava, Lamarck sp.

This

s is one

rea

of the larges 

diameter of 2

•'••‘■s of the genus,

r

external layer o s are in this form

The

arranged

ui an ;
ct

p "°S,

the central group of

ehamberlets are more or
» -r T

G ....

maman.

(Plate 8, figs. J, j.)

Genus Con7 nii iter, ( ’aki iii;.

rn
C

greater than

al

y

the height

O'

ir>

width at the base.

series commences with a

continues to the last coil oi

J

\Y

se

to an annulai r

quently gi\

external

' k

place

J

separated

c

?

which the

straight partitions ft 

ehamberlets

are

div

5

a”

one to

of the

g rectangular

are partially

rn

is divided into
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(Plate 8,

?

( Ui I

figs. L,

Ö

ina

? ©

iii a

y ' k

1

k

\

Example. ) ‘tui{jina nanii
anni*

%

5

’ j »

rn

j

O'

o

n

E

GrE
. 1

k

rn..

? ?

smooth
« i »
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I ;i\
OF PLATE 8.

Fig.

*4.

\ W
ura until na i

Hiata, Brady. 1
a.

B., b "rupina indivisa. Parkei

*20.

b, oral aspect

C. Hormosina ovicula,
*>.
tt

x S.

«

noa ascus incertus,
•mgny sp. x 25.

E. Trochammina
imus X

F, G Ca eten na sp/ ra /

4

X

'S ’ter

50; ƒ = a fragment of test x 100.

: F

o «.

G. 11
CL

na clavata, Parker and Jones sp
;.‘S .

<20.

H.

t

ir,

I
* • /

.Ui.
:>

O mesal na,

» 1

.esi.

O F;
•i i-1

iii.

ctuv., k
*1

'1 r*o
; *

I
superior

K

»
Y

Ct

a<./*

O

l

J. /. Orbitolina concava, Lamarck sp.: J superior

section ■*

O

1 toot
' v »

• r
tl Ulli C

\ 'T

size.

m <

K. /o Go,
rs apman sp 

k - vertical section through the test.

K

, 91

superior

L. / r y
s na

Bowmani,

o
o.

/
pori

rai

AI. S ta c h c ia eo infesta, 9 5.

X.
n <

ora,

A>
cu noe ui

0

■ «../ •

: X

♦
c

*v n - pori-

( ). o. Loftusia persica, Brady a

cut to show internal 

verse section, s

iii trans-

nient of the primary char

arrange



8.
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in a reg

which two or even three

t h

;rs.



lbo

r #

^ ?

1
i*.
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that

'"4
to

A rwar
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uniseris

5

with

a porous s

nix

•LÀ

'1

* J ")
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late tube which

/ ♦

records

very common in the

üo-.'h.)

ani}iT

i
(

"1

c
C

: the

o*

XUS
°a conili

?

?
limax y.

Early chambers small and

bers broadly arched 

shaped

a nan,

h
e

ham

5

forming a fan

71
EXAMPLE.

liée eut.

. flabeUifonuU, D’Orbig i

•i.

at.’ vol. vii. 1826, p. 260, o. 1

1

x. figs.

IO, 11 ;

?

No. m.

This is the

' s

t.

ïcies of the

i genlis.

It is a very

\v

nit rare

it has been found an

The principal localities

e i

J

Mada

gascar, the Seychelle Islands, the Mauritius, Cei

.... j

*1/*
1

J

Malay

“»4

It inh

f
c

Arci
ago, Cocos Vd

?

coast -TT 'T
Korea.

r.

! 9, fig. I.)
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k.: c

1

?

i 'T 1

ft...

x

(
J

Cl

m

1 : - ‘ A ( >’ ‘

tile

*

±1
at.

?

; «

k

*r 1

m 1
»

k

III

towei :s, »
t

.j S 5.

sem

nr

in extra

O'

Ö

iii '1

* -

M )’ ft ones

an;

?

ft
;

ft

a
term mai

lieve ui.

_i i . J J #

4

a..

s

«

-■ •

♦ J

4
t

iii pillai

/

•les

ci.
( )■ 

O

4 AAI^

j

4 Ï t“1 more

coarsely

. r.
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it is not

O'

_i. F JL. lot l. ft' tl./ i. I l t l / t t •

rn

1

i

11

or

the

a n d

c

4

or

never

ti
O’

o *

? ? 1

III

‘ 5 i

icr. Sei.’ X.S.

. IX.
p. 418, pi. Iii. tig. -2-2.

It is

rare ui ina nue
•M,ui lie's, but

U it III

s. It is

(PI. 9

?

rn

j

armn.

L. Cretaceous fo Recent.

Example. B.

SP

J

d. k. Ak. Wiss. Wien,’

fia- 1 

11 n •

r

n

Ts %

J

s
*

__/

is usually

■x s. es

c i »
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IUn,

A. T cruciaria Turfosa*
r X

b. t. eo nata, Beuss sp. (; x 16.

C. Cuneolina paeonia, I)’Orbigny, e = peripheral face view, shem

\r
j

es.

ring

D. Verneuili , Beuss (after 40.

E. Tritaxia tricarinata. Heuss

o, Brady (after Millett). x 30.

G. Bigenerina capre
cm V 
nu '

C-'
/ ♦

. B. 'ocfcnerma)
"1

or ’n. »
A specimen viewed

ight, to show interna] arrangement. x 50.

r>

I. Pavonina igny (after Bradv). 30

J. annectens, Parker and Jones sp. (after Brady)
* / 
y\

40.

K. ina riH/oxa, D’Orbigny (Tertiary specimen, aftei

X
■20.

L. !
n j ata

'Odius, Elii’
’g s .

[after Bradv). o

t
■% j

*

M. (Jini
i * communis.

x 30; eu. montii of a larger specimen
N /

PI

•J J*

X
Ï » 1

ate x tv

N. Bulimina Pocsii. ss (a specimen
til

nan). * 30

O. Vi
* *

ina Schreibersiana, Ozjzek (
'X

P. 13
* 1 »/> y < X

60.

Q. Bolivina, textilarioides, Beuss (after Brady).
X 9 )<)

B. Mimosimt InistrLv X 50

S. Pleurostomella subnodosa, Beuss (after Brady). * > ~
X o < .

T. CasiC t r> r* » y 4> r*
a f ) i .

U. C. {0rtbopira
e v

5
X

56.

t

V
> Ï */*#/

f
%/

Mugm

K..J *

i 1
x 4*2



PLATE 9.

y ."•* , »
f 3 * O C « , •

Family 1 rn Æ.



writer tias recently with it iii dredgings

made by Prof. David round 

at 50 to GO fathoms. 

(Plate 9, fig. T.)

Funafuti,

ice

7

• Miocene
liecent.

I

'S Orthoplecta, i....m;ai>y
T

In this genus there is no c g of the test, but

the seg

O VÛ

^ ^(

TWise arran

ged,

(Ialina. It bears the same

as iii Cassi

to the type-form

as Nodosaria does to Cristellaria. liecent.

h

-4* A -1 .JL

i.—C. (0;

)tec cia vara

ta, Brady i

7

).

U .” ’ vol. ix.

P

7

pi. exiii. fig. 9.

m

•■1

k.

interesting but rare form was originally

found at 'T' ares Harbour

?

Islands, 17

fathoms. The writer has since obtained it from the

Funafuti dredgings at 50 to

Q
o •

it

ecent

(Plate 9, fig. II.)

Genus Ehrenbergina, 10a ss.

/ k

0£

biserial, broad, arched on the dorsal side 

form that of an unfolded and uncoiled Cassi

Lower Cretaceous to Herent.

Example.

‘ For;

±
IV

pupa, D’Orbigny sp. (Cassidulina

1839, p. 57, pi. vii. figs. 21-23.

form of the above genusThis is a smooth 

Other species bear numerous spines as in Mimosina,

notably Eli
ar ut>rr< . seri'

and E. hystrix. nii

uithor has recorded it from the Aptian beds of

Surrey. Lower Cretaceous to liecent. (Plate 9, fig . Y.)
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(

NUB /•; • -J •

)HOl

' 1

2GUENZA.

• • 1
uniaxial, seg

; oval, each springing from

the base of the previous one and
enveioDing

time terminal.

±\

Dee ne to Post-Tertiary.

Example. E.

eliiDsoiaex, var. o

'o

Zo

Eco Peloritano,’ ser. ‘2, vol. v. 1859, fasc. 9 (18), pi

fi(T 

? •Ll0*

c, b; , ‘ Quart. Journ. (leoi. Soc.

vol. xliv. 1888, p. 5, pi. i. fig. 1

This form, as well as the type species, was origi

nally described specimens out of the Miocene

strata of Messina. Dr. Brady discovered, since then

other the late Tertiary or

Q r

rocks of the Solomon 

stone ’ of Fiji.

The section of

from i Soap

n iii fig. a o: pi. 1(

• •
position

of peculiar

ar connected with the ends of each succes

sive

cia

r.

nii

o* 'i

not been

n

deposits actually forming at the present da)

IO, figs. A, a.)



182

Cheilüstome

y >y.

free, hyaline,
coili

number of chambers

?

each enclosing,

of a

partially or
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shallow-water

k * u ermgs
off the coasts of

*1 r t

1 M 1 4- 1 Ï *

OllttllU V\ » ClULlj uui ncio (

Test straight

section

1Î

HjXAMPLE.
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Family



J H L ?

mi^

‘1
T
EK

«

■ 1 t 1 il/

Jriste

(X

IO 12.

■ t

4

1/9 t

kJ

1

n.

original

?

4
Lingi!

‘71

1<.
?

eli.

►

" 1

> J.

/ l' V

? /
>1 >

1

k.

1

. i * I

t V*

and 7.

IV.
c

1

ii. ü

Ö K J



W
W

IO U K

i 1

t ♦;M

iii

m

Frondicularia art

deposits, and

Iolina iii me îivin

rn 1
# '

1

: <

K.

»i r 
t

H
î

« •**- * «

?
s

1

trolli me Miocene oi ivarrer lias
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-, compose-







CHAPTIS T T T T

THE FAMILY GL013IGE

O f

gressive series of forins,

tileThe group of Foraminifeiv 

above family is not, like 

divisions, separable into a closely connected and pro

mt the various genera have

■es iii c

with

w

the

lenomena

of is

different genera is 

number of

of

often very marked. The greater

of the Globigerinidae are

agio or surface-living

rn

argi

kj
s.

w

The salient characters of 

is never attached : a

group are a

s ven

t/

vari!
in thickness even in 

few, inflated, arran

single oi

same genus ; 

spirally ; aperture

There is no supple

menta ry skeleton nor canal s

nth regard to the

A

of the various

species, mention maybe made of Globiferina bulloides

with

Sjdi

Candeina nitida, Glob if cri tia 

ueroidina, bulloides

enna o nui 4

(ilo

\gemia cequi rai os

with Ha

Aligerum pij

/

)
u ui ijuimpie

rn
'gp

cinis (
if enna

has some isomorphous types corresj ing even with
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Family VIX. LAGENIDAE (concluded) ; and

Family YHI
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E.
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non-s

ate, but this is immediately sueeee by a

or
rfectly septate, mi

O’Pl

I k

Cymbalopora- proceeds a stage farther ;

are at spirally arranged, but afterwards grow



forins, w

finni' phili

regularly dis

) U gll 1 II

O

ctly rotaline, are
Ci

0*1

O

Towtli

5

c

h

4T
(

iii relat

* y X À

» or

mereas

5

somewhat ir-

tu Ulli' {UlUUllCl t
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• 1 •

'■eli Yes \v

communicates by a neck.

a

row of pores tin

a c C\

each chamber 

ate forms witti

pressions of the

%
ior surface Pelagic

/ne
-(

•ge inflated

chamber covering the base of the

o

taceo/i.v fo Becent.

nori' (tre

Example. C.
(WIJL

1
g»y L i osa I ui

1

L
i »

c

IS IS

a,’ 1839, p. 100, pi. iii. figs. 18-20.

iii the coral s;

low latitudes. It

o uc

to be

shallow v

600 f

?

often

specimens

growing
c c

to
ee

d.

the

a

s arc oele. B

O /*/> I,i eco
f.

y

the

brown or pur

Ali

red

?

ate 12, fig. C.'

iii

but is found down to a depth of over 

Some of the varieties of this form are

Iii

y

Pelagic Type.

( \ (Tretomphalus) bulloidea (D’Orbigny), ‘Foli

Cuba,’ 1839, p. 104, pi. iii. figs. 2-5.

The chief difference in this form is the

chamber w

i

PJ

re

ui or surface test of an ordinary C

large

the

lui Iii -

porcI of the variety aquamo.su.

s *i °'1C
tlöiP

Ul 0 1

mg

on account of the

A

embryonic shell

t'i

In

mg v

chamber, and w

are

is particularly interest-

occurrence of

balloon

( di

.) erate

email orifice. B

’i eco
lit. 12, fig. I)
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4
t

( >-

*r>

»
If

ss e

. » 
c

? ‘ 7 / ? 7



THE ROTALIIDAE 221



slightly

J

arranged ; 

terminal segment.

at the inner margin

lh

i eet/

•4
'À j

: 1

ft .
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m t
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i
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a

K.

often

Calcarina iii the littoral sands of

cor * I e S.

with

It

is
cir

from

genous -grc

T

some of the

tli

iii

J

*
(

O’

n

congener by the 

of the pillars

characters

iii

of the Pacific, the orange-brown

* •

giving
a colouring of

r

own.

the

200

It is characteristic of the sliore-sands of

r

but has obtained from a

o’ n s
vöu 0

O’

n

ly. Recent. (Plate 12,

%• 0-

#

Genus Gypsina, Calter

rn

1 ee or s or O’ #

in ’

dure acervuline, radiating, or laminated; plinioi

dial chambers *
rai.

The chambers are rounded or

polyhedral ; coarsely perforated. There is

1

nor canal

no sup

Apertures

obscure, sometimes marginal.

This genus aiso includes the type to which Cartel

gave the name

o

plano-convex

/ ^ .

ros ima. and which s to be a

of G inJnrrens

J

Cretaceous fo Imaii.

Example.—G. vesicularis, Parkei 

(Orbitolina), c Ann. and

^ I

/
£ 1

* ) 

O

. Yl.

?

p. hi

j

0. o.

This subconica! form is a a

in

of the genus

surface is marked with fi

rais
js, the

boundaries of the polyhedral chambers. G. vesicularis

attendant
occur ui

of
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EXPLANATION OF PLATE 12.

Fifi.

A. Spirillina vivipara, Ehrenberg (after Brady). er>.

B, b. Patellina corn

J

Williamson : B, superior, b, inferior, sur

fac
:*e.

f-* rnr
X i ,).

C. Cymbalopora Poeyi, D'Orbigny sp. (after Brady). x 25. 

(7. (Tretomphalus) bulloides, D’Orbigny (after I . x 80.

E, c. Discorbina- patelliformis, Brady ; E, lateral aspect; e inferior

x r>o.

F. Planorbulina larvata, Parker and Jones (after Brady). x 17. 

G, g. Truncatulina- lobatula, Walker and Jacob, sp. (after Goes) :

G, superior aspect ; <p inferior aspect
X

16.

H, b. Anomalina yrossrruyosa, Giimbel (after Brady) ; H, superior

aspect; //..peripheral aspect.
X

I. Carpenteria balaniformis, Gray (after Chapman). < 4.

J. C. proteiformis, Goes. x B.

K. Rupertia' stabilis, Wallich (after Goes). x 21.

gny sp
iJradv) : LL, L l\ Pulvinulina Menardii,

superior; /, inferior; V, peripheral, aspect. x Io.

M, m. Rotalia Soldanii, D’Orbigny sp.; M, superior, m, inferior

aspect. x 18.

Calcarina- hispida, Brady. Io.

IOO. Tinoporus baculatus, Month (after Brady). x

P. Gypsina vesicularis, Parker and Jones sp. (after Brady), x IO.

Q. Polytrema miniaceum, Pallas sp. x 8.
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out on the of

of each coi! ar

r n

of tile outer septal walls of the chambers.

rn
> genera Dens

Orbitoides, w

constitute the sub-family Cyclüclypeinæ, are examples

of a cyclical 

the former g

of growth in

1

'e is a single layer of

In

annular

skeleton ana numerous exo-



234

IS cc

tile central

vC

disc

een two layers o

. In the latter genus 

Cycloclypeus, is enclosed

gives

< a

K

9 9 99 &\ ■ 9 99 I I I ■ ft » 1 / 9 9 9 9 9 9

rn

\



j LE li.

T

se

secoi

o'

j

\ 7
aperture e

s

?

mea







238



239

r
SIMI*

?

the
ï
c
ir pro

ongations

on one

k

on

form

' r rt

lell-wall

'1

the

w

rpically coili plan ate

of

V

spirai, with

earlier 

■ieptal and



240

EXPLANATION OF PLATE 13.

Kui.

A, a

B. b.

E
-j. c.

0. {h <]■

I. i, ;.

■ira, r isciier : A. t 

x 6 ; a, transverse section, x 15.

} 1 *I princeps, 3i*g sp. pi
: A, ex

ternal view. lJ, ; h, transverse section of test, x 8.

C, c. A
Omalium ani (

e> '

'xer
t

s) : C,
(\

< 80

x 00.

Faujasina carinata, D'orbignyi E, inferior

surface) ; e, peripheral aspect.

F, f. Arcluediscus Karreri, Brady: F, pori

. 20.

o-lateral aspect ; ƒ,

transverse secti

ma Lessonii, D’Orbigny : G, inferior lateral aspect,

;t, with
‘ asm (f. superior

granulations near oral region, cf, per

»
‘S. a

C.I
)

x oo.

H, h. Operculina annnovoides, Gronovii^ sp. : H, lateral aspect ; h

'‘ter

grown

aspect. x 50.

:na depressa, D'Orbigny : I, lateral aspect of a full-

; i, peripheral aspect, x 7 ; i\ young 5
x
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Genus Heterostegina, D’Orbigny

T resembling Operculina iii general contour;
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shallow water often in the neighbourhood of coral

ever

j

Oligocène

J

JC!

was a mm tia ui ui

s. especially in the 

former. The recent specimens are not far removed 

in structure from Ope ren! ina and Ampins

LE.-
AT.

(■> n

in a.

I i/s, Sowerby sp. {Xu ui mu

lari a), 1 Mineral Concliology,’ vol. vi. 

pi.

Geol. Soc.’ vol.

J

P
76

?

xxxviii. fig. 2 ; leai Jones, ‘ Quart. Journ

p. 132, pi. xi. figs. 1-9.

found

its thin complanate test, is 

in certain horizons of the

Barton Beds of the Isle of Wight and Hampshire. 

(Plate 14, figs. A, a, B.)

Test structure to thai of
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outline of the convolutions is visible externally. 

Eocene.
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EXPLANATION OF PLATE 14.

Km

A, a. Nummulites elegans, Sowerby sp. : A, lateral aspect; a, vertical

section, x IO.

B. N. elegans, Sowerby sp. : median section, x 20.

C, c. Assilina exponens, Sowerby sp. : C, lateral aspect ; c, peripheral

aspect. Natural size.

D, d. Cycloclypeus Carpenteri, Brady: form A; 1), lateral aspect; d9

peripheral aspect. x 5

E. C. Carpenteri ; form B. Natural size.

F, ƒ. Orbitoides papyracea, Boubée sp.: ƒ, peripheral aspect. Natural

size.

G. 0. papyracea, Boubée sp. : vertical section of a larger specimen.

Natural size.

H. O. papyracea, Boubée sp.: median to tangential section ; m, rect

angular chamberlets of median layer ; s, areolated chamberlets 

of superficial layer, x 6.

I. Type of Lepid-ocycline structure in median layer of Orbitoides

(.Lepidocyclina) Verbeeld, Newton and Llolland. x 75.

J. Type of Discocyline structure in median laver of Orbitoides

(Discocyclina) papyracea, Boubée sp.
>'

< 50.
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rocks, we may
are comparatively rare iii the older 

reasonably infer that the types of Protozoa, which

very pr

existed iii earliest times and iii pro

digious abundance, were chiefly represented by those 

forms which did not possess an investment of hard 

material, but consisted merely of sarcode, or perhaps 

were covered by a thin chitinous investment.investment. This 

conjecture, however, will require proof which prima

facie will be next to impossible to for the

chitinous forms are practically unknown as fossils.

It appears by recent researches to be pretty

proved that the whilom sensational 

Eozoa n. Canadense of the Laurentia!! limestone rocks 

of Canada and elsewhere is not a gigantic foramini- 

fer. it be a purely mineral structure or a 

mineralised organism of a larger type of growth, such

ci.
a

hydrozoan, remains to be seen ; it will not be

to dwell further upon it here.

Some exceedingly minute bodies resembling Fora-

liave been describedramifera in

by Cayeux from the Pre-Cambrian of Brittany, where

they

occur iii

They

however, of such small 

their segments having a elii

».

, the largest of

r of only inch, 

that their relation to Foraminifera may be con

sidered somewhat doubtful.

Four noteworthy occurrences of Foraminifera

have recorded from Cambrian strata.
■H

berg, in 1858, figured v

1

glauconitic casts

of Foraminifera from the so-called ‘ Silurian clay ’

near

St. apparently belong to
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the genera Verma urna,

and Rotalia.

t «

vitia

)

Hana

?

Pul-

5

Thi

s

blue

Baltic Provinces is now 

Lower Lambiian, for it

beds. Other

known to belong 

underlies the

of

of the

to

’1 orgv

"71
’g in

855, c

been previously 

and discovered

figured by

iii

noar St. Petersburg.

the

The

Sandstone of this country

age, often largely consists of

of Lowei

bright green

glauconite c of Foraminifera, embedded in

ugmous
and argillaceous c

?

small forins o

of an old foraminifera! faini

if) enna
Evidence

ci

* 11 brought to

k

light iii

and G. F.

nii Few Brunswick

7
T . B.

who discovered these micro

scopic fossils in the Arcadian or lower division of 

St. John’s series. They have been referred by the

above authors to the g 

Orbulina.

J .

I

and

‘lc
Cl

to De Lapparent,

iii t *
t

strata of Siberia have, according

y yielded foraminifera! remains

alice iii

the of a plateau

traversed by the Olenek.

An interesting discovery of an Upper Cambrian

iniferal fauna iii a sin

n
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many of the specimens. The commonest genus iii 

point of numbers in this rock is Spirillina (see fig. 

27), and the particular form is not so very different 

from a species now often met with in shallow water 

off the British coasts. The other genera accompany

ing the Spirillince of the Upper Cambrian are 

Lagena, Nodosaria., Marginulina, and Cristellaria.

Fig. 27.—Spirillina Rock ; Upper Cambrian,

Malverns. x 36.

In the Ordovician system the shales above the 

Bata limestone at Guildlield, near Welshpool, have 

heen recorded as foraminifera! by W. Keeping.

In the Silurian system the Llandovery beds of 

Cwm Symlog have yielded to J. F. Blake Dentalina,

communis and to W. Keeping Textularia, Dentalina, 

and (?) Notalia.

From the Woolhope Limestone of the Malverns 

H. B. Brady obtained four species of Lagena, which



sections

tile writer frequently noticed small

ornis of La

>

1

a

lie lias

< r% i »

/1.;

some

é

The found casts of Foramini

fera, whicli he referred to Lagenulina, Cristellaria,

Orbulina, Glob i g e r ina, 

rocks at Paffrath, iii the

Fusulina, iii Devonian

This appears to be
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and species in the Carboniferous system. At this 

period the Foraminifera were so abundant in certain 

areas that they often formed very extensive deposits. 

For example, Saccammina constitutes a large pro

portion of the rock known as the Saccammina lime

stone of England, Scotland, Ireland, and Belgium ; 

and this genus is found throughout the Carboniferous 

series, but chiefly near its base. Fusulina is

Fig. 28.—Saccammina Limestone ; Carboniferous,

Northumberland, x 61. Original.

another important genus, forming the main bulk 

of the Fusulina limestones so extensively developed 

in the Upper Carboniferous of Russia, China, 

Japan, and North America; and which aiso occurs 

in Spain (Cantabrian Chain) and the Southern 

Alps (Upper Carniola and Carinthia), the Caucasus, 

Isle of Chios, Borneo, and Sumatra.

The two above-mentioned genera are of fairly
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large dimensions ; there are, however, many others 

in the Carboniferous series which, although smaller 

in size, are often very numerous, and therefore 

important as rock-builders. Many of these species, 

and even genera, are more or less restricted to 

the Carboniferous system. Among other Carboni

ferous types we may mention the genera Haplophrag

mium, Stacheia, Nodosinella, Endothyra (generally a

29.—Fusulina Limestone ; Russian Carboniferous.

x C.1,. Original.

Carboniferous genus, but aiso found in the Trias), 

Ammodiscus, Textularia, Valvulina, Lagena, Archce- 

discus (restricted), and Fusulina (restricted to Car

boniferous and Permian).

The genera Saccammina (fig. 28) and Fusulina

(fig. 29) often form the larger proportion of extensive 

beds of limestone, as we have already seen, but 

occasionally some of the smaller types, as Endothyra

s
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and Archæcliscus, are aiso abundant in certain lime

stones, so much so, in fact, as to merit in the former 

case the name Endothyra Limestone (fig. 30). Fre

quently the Foraminifera are associated with other 

organisms, sueli as Ostracoda, Polyzoa, Corals, and 

so forth, which form together an organically derived 

limestone. Two other genera were recorded by 

Brady from the Carboniferous System which are

Fia. 30.—Endothyra Limestone; 

Dovedale, Derbyshire, x 24.

Carboniferous, 

Original.

of especial interest, since they are characteristic of 

certain strata of much later date, namely, Amphi

stegina (from Bristol) and Nummulites (from near 

Namur, Belgium).

In some parts of the world we meet with a series 

of sedimentary rocks which are partly liomotaxial 

with the Carboniferous strata, and partly with the 

European group of the Permian which is so exten-
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the species i 

recently 

to the Zeehstein

following a

to be o

r ri O'A
clör*

Quite

has, however, considerably

fauna, and cites the

O
%y

O*

<*S

enera tera ui ui ina

ï

Cornu

•a, L {ugui ina, F rond km la ria, 1 Tagin n 1 ina, Margin it

, Geinifze
(

'wards changed to Geinitzina),

and Li rutica m min a ï

the

dicularia, ;

presence

of forms like Lingulina, F ron

ngi nui ina we are

prevalent characteristics of the

feral faunas, iii which

c

of the

forain ini

-e-named genera are

•rea sui gconspicuous ui 

the geological 

forms may have been

< 4. CL i
3 e

as we ascend

pes of these hyaline

so me win irregular and

arenaceous isomorphs found in the

System whi

the

lien

generic m

ave

n described by Brady under

mies of Stacheia and

onosi nc

nii. Triassic System as a nile is not

iii Foraminifera.

* (' 
Cl k

s in s

schelkalk

belomriny

has

vit V ( I

i< V_^'i

presunn

to Glob
k
£

k.

'scribed a fauna from

Bunter Sandstone in the Alps, \\ 

from the fact that it includes

?

’ ?

a yen us \\

t)

31'0 US

the Cari

Ui/ira are the

lina, Bulimina,

urd Orbulina.

oldest strata of the

is remarkable 

ies of Endo-

otherwise is unknown

with Budo

ion ire ios, Vali'ii-
mg genera,

1

.1 j

ingu I ina. Several g
enera

1

1 Lunucammina is a modification of Geinitzina in windi the vertical 

axial depression exists only on one side, the oilier side forming, so to 

speak, a rounded dorsal surface.
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m 1 so-called ‘ Cambridge

I reçus;
5

1 s a

reina ule bed with derived
asus, and even

larger part of the .Foraminifera, \v 

therein, may owe their origin to 

equivalent to the Upper (tanit.

From
aman

of Boliemi

are abundant 

waste of beds

a an iii

forestii!

O’ * 
c

4
C

fauna has heeri

fauna,

rn Marl of England, and its equivalent

?

Lower Planer
iii

~r*
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(

ibundant fauna. rm c
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resemble in many points tile J 

parts of the Gault, iii c 

of planulate Cristella)'/a.?, which

classic series, r

iii the conditions of

large

The Thanet

C

1
Cl

loti
'"S

the

Cristellaria (C. f/'atraria), which are 1 

the London Clay of London and 

abundance.

w iii s

t/

ui

The clays of the

g as
. y.

ferruginous 

a few starved

the

Dorsetshire.

has

ial, have

l ■e

d

iii

}'

mainly of

K k,.. 1

muds with much

* * ♦,
c

/

thaii

Lot ali lies, wi

:i S

fron

t

Iii the London

Ham

1

we

foraminifera! fauna. m

both iii the London

s

a rich ai

\a
tried

is now

a

geologists to g to the

than the Lower Eocene period ; the presence and

distribution

I
c

Fora

mbrifera in equivalent ata
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tro cl acuformis. Just off a pateli of partially

submerged rocks called the £ Mixens ’ occurs, which 

is a hard foraminifera! bed composed almost entirely 

of Miliolina and Alveolina, and which was used in 

building the old Selsey churchyard wall.

The ‘ Calcaire grossier ’ beds of the Paris Basin 

are of the same age as those just described, and 

contain a similar foraminifera! fauna, with the addi-

Fig. 81.—Miliolina Limestone (M. trigonula); Eocene,

Paris Basin. Original.

tion of Orbitolites. The preponderance of Miliolina 

(Pentellina saxorum and other species) in this rock, 

which lias been extensively utilised as a building 

stone for Paris, has given rise to its name ‘ Miliolitic 

Limestone ’ (fig. 31).

The Upper Eocene of the Hampshire Basin con

tains, iii the Barton Beds, certain strata which yield 

in abundance the small species of nummulites, N.



GEOLOGICAL RANGE 27 L

elegans ancl N. variolaria, and these 

occur in the equivalent beds, the ‘ Sables Moyens ’ 

of the Paris Tertiary.

The limestones formed chiefly of nummulites are

developed to a large extent on the Continent, and

they form a broad but interrupted series extending

of the Old World. In theright across the region 

South of France, at Biarritz, the Nummulitic

Fig. 32.—Heterostegina Limestone ; Tertiary,

Wadi Dara, Egypt, x 16.

is more thaii 3,000 feet thick. In the South and 

South-East Alps the Nummulitic limestone series is 

well developed, and they are associated with Alveolina. 

In the Northern Apennines the Middle Eocene con

tains Nummulites Bia villaensis, N. Lamarcki, N. 

Lucasana, Assilina, Operculina, and Alveolina ; the 

Upper Eocene contains Nummulites striata, N. Tchi- 

hatcheffi, and Orbitoides radians.
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The Kressenberg inlier, iii Bavaria, consisting of 

the Lower Nummulitic series, has yielded a very

rich foraminifera! fauna. The nummulites there

and in Austria are of an exceptionally large size.

contains numerousThe Kressenberg series

species of Orbitoides, which, from that locality^, 

have been principally worked out by Gümbel.

The Nummulitic series in Egypt constitutes

Fia. 33.—Alveolina Limestone ; Eocene,

Faeafra, Egypt, x IO.

the greater part of the Eocene limestones. It
is

divided into three stages, the Libyan or Lower

Eoc the Mol or Middle Eocene, and the

Bartonian or Upper Eocene ; each of these contains 

certain characteristic groups of nummulites, which 

are of much value in the determination of the various

greatesthorizons. The nummulites attain their 

development and abundance in beds of Middle
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Eocene age, as they do in many other places. 

Associated with these are other genera, sueli as 

Heterostegina (fig. 32), Operculina, and Alveolina 

(fig. 33), and sometimes by their abundance they 

form limestones almost wholly consisting of one 

particular form.

The Eocene nummulitic beds extend into the 

Sinai Peninsula (fig. 34), and thence to other parts

Abyad, Sinai, x 16.

of Asi In Imii
s

ind

infera form massive beds of limestone, often con

stituting the greater part of some of the mountain 

ranges. By a process of folding and crumpling these

beds limestone have been ated, so as to for

some of the highest mountain crests, attaining in 

some cases an altitude of 16,000 feet. The lower part

of N Ser Sind is esented b\

rnI
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the Ranikot beds, containing Nimiimilites Spira, N.

irregularis, and W. Leinneriei ; and is followed

by the Kirthar Group, with N. Gar albensis, aiso a 

European species, and N. sub-hevigata, apparently 

confined to India. The muninulites are here asso

ciated witti large species of Alveolina and Orbitoides.

In the Oligocène strata iii Germany the beds are 

often richly foraminifera!, and the Septaria!! Clay

Fig. 35.—Orbitoides Limestone ; Lower 

Miocene, Christmas Island, x IO.

of Hermsdorf and other has yielded a

prolific fauna. Iii this country the Oligocène is 

not so productive, since the beds are for the main 

part of fresh-water or fluvio-niarine characters. 

From the Isle of Wight a small series, chiefly re

presented by and Polymorphina, has been

obtained by the writer. The Malta tertiary beds are 

iii part of Oligocène age, and many of the beds there
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as well as in Jamaica, in the West Indies, contain 

an abundance of Orbitoides.

The Miocene System in the Vienna Basin is very 

productive of Foraminifera, and a rich assemblage has 

heeri by D’Orbigny, and later

er.

The Miocene Clayi and sands of Muddy Creek and 

Mount (lambier, in Victoria, Australia, have yielded 

an abundant fauna, and the specimens are well

Fig. 3(5. Conulites Limestone ; Tertiary, 

Egypt, x 12.

grown and comparable in many respects with the 

specimens from Jamaica, as well as those of Java 

and Christmas Island (fig. 35). In the United States 

the Miocene of 

proved to be

and Virginia have been 

in these organisms. The upper

series in Malta, which are of age, contain

a vast number of a large variety of Heterostegina. 

In Italy the richly fossiliferous tertiaries are partly
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Challenger.’ material has iii the

hands of Dr. Brady and others no

cl

of the Foraminifera ;

1 •

€i
oncerning

rare forms

this Bi

sa vs :
i gst the

O 1»
c

the following : La
spiralis,

• •

nnivign, c

Lagena Sell/decaria; Cridel

layia gemmata and Cristellaria tricar'nielia ; Sagra ‘nia

uii munna procera «T
C

Schreibersii
arme meta

j

mu mui

lui prriia

crassitesta, Textularia crispa

Tix
O p
... i(.

;
)ransversana ;

i / 'i a

Pavonina Jia

aim,

onitis^ Chrysalidina dimorpha, Spiroplecta annectens

1

na caiaora, Cornuspira sulcata, nurd Cornu

saira car mai a.

The dredgings made by ‘1 3

tion round Funafuti, in the Pacific, have

an even more

fauna thaii the above, for

the number of species found

is over

?

amongst which

S

conspicuous,

large reef

:« o T»

c.

as G a/pen teria, rh apii i

( )
m l mu

5

j
rema nani

j

md Cycloclypeus Carpen

(V

rm sands of the coral islands iii the Pacific

are sometimes entirely composed of a few
genera of

Foraminifera iii extraordinary abundance,

as

A is t ey ina Le s s ori H, IIe te ro siegi ui i
cvrossa. Pi

trema miniaceum, Tix

?

s, Orbitoina

?

Carpenteria monticularis, Gypsina globu

lus, Calcarina hispida, and Miliolina, reticulata.

Sands of

*r areas

fauna peculiar to themselves. The di;

s

tribution of the various genera and species is

n-

u
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extreme conditions.
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ON THE COLLECTION, EXAMINATION, AND MOUNTING 01I?

I
I

y
i

In taking up the 

found impossible to

of it will be 

ourselves either to the

recent or fossil forms, for, in order to

of animals, more espeeli r with regard

to the morphology of the

1

one

with their occurrence as

iii

be

the

S, c

?

as well as in

more recent condition, whether in deep-sea oozes or

iii shore \

Oti the ( of L iv in g Fora tri in if era.—The

of the ocean is in s teeming with

pelagic life, in the tracts occupied by the

warmer currents, as well as the more extensive areas

of tropical waters ; this plankton fauna contains

a very large proportion of pelagic Foraminifera, as

'in a, Sp h ce i '0 i eli tia f
igen

Orbulina

’SIO

•rin uii tia. The deae! shells of these 

genera are continually falling through the water to 

lomi the bottom ooze of the ocean floor.

The method of collecting living

tigerince and other pelagic forms of life is b} 

the use of the ordinary surface tow net (fig. 37)



Fig. 87.—The Tow-net
T X’1 N

Usk (from * Rep. on Deep-sea Deposits’).
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Stage Aquarium for Obser\ 

Living Foraminifera.

mg manner

A ate glass

asinum

o



tile outer form of the U-shaped rod, is then fastened 

to the other side, and the cell is complete (fig. 39).

is to c a glass slide through 

which a hole has been drilled to another slide of the

same size, the top of the cell being

o

covered with a

o o o
cl ►

H
cell of f

following can

iii

quickly made : A \

3 ring x,Ci

A

> K

a n d

,«/

of semicircular nieces

cerae
to a 3 x 1 glass sli

* TTT
of

the cell is made by affixing half of a circ

glass (cut with the point of a writing

cover

with

india-rubber cement.

When object is in a cell of

v

sea-water, it

as a i/»

CIJL JL >
;parency, iii w c a s

he viewed either 

. however, the

jL

pser

culty, or as an op;

are seen

obiect

with

k

a spot

y

or a 3 r< ï

The latter method

gives

y

for t

j

1 T Vf\ 6
g of the proto-

g the

a is w ui 111

way

At times the living Foraminifera seem very

y

and
r

to extrude

the

?

but if

sarcode through 

for a short time

one is often rewarded by the beautiful phenomenon 

of the living rhizopod with its extended pseudopodia.
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in me case oi sn;

lYimericige . ...m , or me material Iolina as

partings between the joints of the Carboniferous lime

a sliirhtlv different treatment mav be recmired
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black ribbed

\

to cover the sorting

so that the ridges of the

run
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(?a>Ccji.ï,in.tx ...

.. -Spenÿùiu .

SÛ - /
.........................................öiirt/siJL $ja.

...... .........................................................^ .............. 1 i

b.OAïd... 1

X um&l JjxuM . ;

V
V
%
s

* « m * • • m' m + m ' + «'s»*»* s\
s
<V
X
5

Fig. 40.—Method of Mounting 

Foraminifera in Dry Cells.

circular saw 

The holes in

according to the needed

o

slips may be made to vary

according to the

arca w ui

the f will occupy,

convenient sizes being | incii, ^

J

] incii

ns.
cu

1 The original form was devised by Messrs. William Swanston and

Joseph Wright.
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Fia. 41.— Method of Mounting a Series of

Foraminifera on One Slide.
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surface allows the whole arrangement to revolve by 

the mere movement of the linger. When the cover

glass has been placed in the whole can he

finished off with paper in the usual way. A neater

appearance is 

iii each slip, one on

ing two {

of the cell. ?

.17
e

will now
our

to the

>

<ITHOD OF 7

i es.
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of a brush or a needle
ui a

'1

.i snecnnens can

be covered with

oe learned i
t

me uncina! structure oi sueli

When

more thaii

iii
c

t y -» I » J~\ T T

?

O'
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for grinding, 

with Canada balsam in ance to a

film of mica, w is then att; to
a glass
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bottle is of

be got rid of covering the section with a

little of the balsam solution and heating it, when the 

ebullition of the medium will bring the 

the surface with the air-bubbles, w 

removed, as they form, with a fine

to

they may be

Careful observance of directions will

ensure a
or two

?

the most annoying

O'

n

often, at the

1 , a too vigorous rub may wipe the whole

out of

thiner you can

, iii which case the only 

do is to begin again upon another

specimen
?

The above excellent descr

1

given in full,

since, if these 

followed, there is more

The following method for

instructions are carefully

of success.

I*
ex

O’
slicing

»

loose sands has been devised

F. G. Pearcey, and used with

success iii
the

c
O’AV

5

rThe dried

upon v
phi

dissolved iii benzole.

or sand is placed iii a small 

is poured a solution of mastic

nii

np ri
Cl

iii c:\

heating iii a hot-water 

the piece is sliced into layers ;

5

1

1 <;

when cold 

thick or

more.
1 are rubbed down and

upon

the snakestone, after
to

glass, which iii turn is fastened to a glass slip.

When one surface has been sufficiently prep

?

the

cover glass is removed by a 

then cemented in the reverse

o i* 
(

O' *
Ö? c

with Canada
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Should the organism

glass with the î

require to he stained, the cover 

inion may be gently lifted by means

of a section-lifter, and transferred to a 

containing water ; and afterwards to a weal

n /

•î

picro-carnime.

of half an hour it 

may be transferred to methylated spirit. If the speci-

in water after staining, the picric acid 

31’wise it acts as a yellow stain to the

is remove
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BIBLIOGRAPHICAL LISTS, TO FACILITATE REFERENCE TO

n ci t:i 'THE PRINCIPAL LINES OF 

THE MOKE IMPORTANT WORKS ON FORAMINIFERA

1

■ AI ,‘LY THOSE OF RECENT DATE

The

but is ï

given below is necessarily incomplete, 

to enable the student of this sub-

to bejeet to gain further information by 

found in the works themselves.

General Treatises and

3
T

►.J ♦

1. TIA B. Carpenter, W. K. Parker, and T. B. Jones.—Introduc-

3i-a. Eay Society. London,tion to the Study of the For;

The morphology and structure of tile foraminifera! shell is very fully 

dealt with, and well illustrated by numerous plates.]

2. K. A. von Zittel.—Handbuch der Palaeontologie : Protozoa.

Vol. i. 1876-1880, pp. 55-126.

Munich and Leipzig, 1895 (pp. 18-34).

Lige der Palaeontologie.

3. uter.—The ■oscope and its Revelations.

6th ed. London, 1881. See aiso later editions edited by W. PI

Dallinger.

For technical instructions relating to the examination and preparation 

of minute objects, as Foraminifera. Aiso a chapter on Foraminifera.

4. II. )

J.

Report on the Foraminifera

H.M.S. ‘ Challenger ’ 

Results. Vol. ix.

:mg
the years 1873

dredged by 

Scientific

gy), Foraminifera,

Besides embodying a report on the ‘ Challenger ’ collections this mono

4*1'
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graph deals generally with the recent Foraminifera. It has a good 

introduction and bibliography, and ali the species, 

recognised types described in tile volume, are figured.

according to the

5. C. D. Sherboni.—A Bibliography of the Foraminifera, Re

cent and Fossil, from 1565 to 1888. London, 1888.

6. Idem.—An Index to the Genera and Species of the Fora

minifera. Parts i. ii. W gton, 1893, 1896. 485 pp.

7. P. Toutkoivshi.—Index Bibliographique de la Littérature sur 

les Foraminifères Vivants et Fossiles (1888-1898). Kiev, 1898.

8. L. von F illifei and C. von Mali.—Testacea microscopica aliaque 

minute ex generibus Argonauta et Nautilus ad naturam delineata et

Vienna, 1798.'

[Illustrations of numerous types of well-known species.]

9. T. I?. Jones.—Catalogue of the Fossii Foraminifera in the British 

Museum (Natural History). London, 1882.

IO. F. Hoivchin.—A Census of the Fossil Foraminifera of Australia.

Bep. Austral. Assoc. Adv. Sei., Adelaide Meeting for 1898 (1894).

11. L. Cayense.—Contribution à l’Etude Micrographique des Terrains 

Sédimentaires. Lille, 1897.

[Gives the distribution and mineraiogical condition of the Foraminifera 

occurring in the secondary and tertiary strata of Belgium and the Paris Basin.

Biology.

12. F. Dujardin,

Infusoires.
m

13.

?

a,

s et les

Histoire Natta
ii

Infusoires,

comprenant la physiologie et la classification de ces animaux et la

du Microscope. Paris, 1841.
manière

à Fai

Pp. 126, 128, 240, 253; pis. 1, 2.

14.

(Forami

Al

Schultze,—Ueber den Organi;

B e m e r k u n g e n Uber

pp. 7

aimen

îm

15. Idem.—Beobachtungen liber die Fortpfianzung der Pol} 

thalamien. Midler’s Archiv, 1856, pp. 165-173, pi. vi. B.

16. A. Grubei'.—Kleine üeitrâge zur Kenntniss der Protozoen. 

Ber. Naturf. Gesellsch., Freiburg, 1881. Vol. \ ii. pp. 533-555,1 pi.
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17. O. Biltschli.
^4 » 0 *11114

Abth. 1. Bronn’s Thierreich,

vol. 1. Leipzig uru! Heidelberg, 1880-1882

18. A. Griiber.—Die Protozoen des Hafens von Genua. Nova

r\cta . C. L. :

19. Idem.
igen

liber Protozoen-t

Bei’. Nat. Gesellseh. Freiburg, vol. ii. 1886, pp. 1-15.

20. 0.
na r?n 1 I t L %

U ► .
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Plancus, J., 51

Planispirina, 63, 98 

Planorbulina, 66, 218 

Plans of growth, 43 

planulata (Spiroloculina), 90, 94 

Plasmodiata, 13

Plast ogamic reproduction in Dis

corbina, 30, 31

Plastogamy in Foraminifera, 30

Pteropod ooze, Foraminifera of, 283

sands, Foraminifera of, 284 

Pullenia, 66, 207 

Pulvinulina, 66, 222 

pupa (Ehrenbergina), 176, 179 

pygmaea (Uvigerina), 200, 210

Quinqueloculina, 63, 92

radiata (Dendrophrya), 115, 118 

Radiolaria, 13, 18 

R ap hi diap hr ya, 13 

Ramulina, 66, 201 

Ramulininae, 66, 201 

raphan us (Nodosa ria), 

raricosta (Marginulina), 191, 194 

Recent Foraminifera, preparation 

of, 296

Ot



*

Recent Foraminifera, where found, 

1

recta (Vaginulina), 192, 194 

Red clay, Foraminifera of, 285 

Remesiana (Involutina), 155, 160 
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striata (Amphimorphina), 194, 198 Tumanowiczii (Haliphysema), 129

(Sagraina),^!, 210 
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