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ADVERTISEMENT.

‘The scientific publications of the United States National Museum
consist of two series—the Proceedings and the Bulletins.

The Proceedings, the first volume of which was issued in 1878, are
intended primarily as a medium for the publication of original, and
usually brief, papers based on the collections of the National Museum,
presenting newly acquired facts in zoology, geology, and anthropol-
ogy, including descriptions of new forms of animals, and revisions of
imited groups. One or two volumes are issued annually and dis-
tributed to libraries and scientific organizations. A limited number
of copies of each paper, in pamphlet form, is distributed to specialists
and others interested 1n the different subjects, as soon as printed.
The date of publication is printed on each paper, and these dates are
also recorded in the tables of contents of the volumes.

The Bulletins, the first of which was 1ssued in 1875, consist of a
series of separate publications comprising chiefly monographs of
large zoological groups and other general systematic treatises (occa-
sionally 1n several volumes), faunal works, reports of expeditions,
and catalogues of type-specimens, special collections, etc. The ma-
jority of the volumes are octavos, but a quarto size has been
adopted In a few instances in which large plates were regarded as
indispensable.

Since 1902 a series of octavo volumes containing papers relating
to the botanical collections of the Museum, and known as the Con-
tributions from the National Herbarium, has been published as bul-
letins.

The present work forms No. 71 of the Bulletin series.

R1icHARD RATHBUN,
Assistant Secretary, Smathsonian Institution,
In charge of the United States Natronal Museum.

WasHiNngTON, D. C,, June 18, 1910.
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INTRODUCTION.

This paper is the first part of a work the intent of which isto
describe and illustrate the Foraminifera of the North Pacihc Ocean.
This part includes the families Astrorhizide and Lituolidee, together
often known as the Arenaceous Foraminifera. These are usually
considered the more primitive group and are therefore treated first.

The collection of recent Foraminifera in the United States National
Museumn has been carefully studied in so far as it represents the area
in question. From the work of the various vessels of the Navy
Department, the Coast and Geodetic Survey, and the Bureau of Kish-
eries a mass of material has accumulated which has been of great
value in this work. A more detailed account of these collections will
be given later.

There have been few works dealing with the Foraminifera of this
area, and such records as exist have been included here. Except
where acknowledgment is given, the figures have been drawn by the
writer from material in the collection of the U. S. National Museum or
have been reproduced from photographs taken at the National Mu-
seum of specimens in the same collection. Where recorded species
are not well represented in the collection, figures from other works
have been used and due acknowledgment given.

A considerable number of changes in the nomenclature and syste-
matic arrangement have been made 1n an attempt to separate more
clearly species and groups which, after a study of this material, seem
to be distinctive.

I wish to express my great appreciation of the kindness with which
the U. S. National Museum and its staff have so freely met my various
needs 1n the preparation of this work.

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

ASTRORHIZID.E AND LITUOLID.E.

By Josepn AuGUSTINE CUSHMAN,
Of the Boston Socicty of Natural Lhistory.

GENERAL ACCOUNT.

The Foraminifera are for the most part minute animals varying in
size from a fraction of a millimeter to several millimeters in length,
but may develop a test several inches across; these, however, are
rare exceptions. A few species live in fresh or brackish water, but
the great majority live in the ocean. They occur at all depths, but
are most frequent at moderate depths in the ocean basins, where they
form characteristic deposits—the so-called ‘‘globigerina ooze.” In
the vicinity of tropical coral islands many species occur in great
abundance.

The animal itself is a single-celled form with one or many nuclei,
as will be later explained. The test, in many cases at least, 1s really
an mternal structure, as the thin film of protoplasm which covers it
in the perforate forms, and probably in others, 1s capable of secreting
the material of the test, to repair breaks, etc.

Comparatively little 1s known concerning the animal of the Foram-
inifera except in certain littoral species. The great mass of the work
on the group has been confined to a study of the empty tests. In
the present work the material has been dried in almost all cases. As
a result little has been noted in regard to the animal itself.

As single-celled animals the Foraminifera are especially interesting,
and their structures do not need explanation on the basis of organs
or tissues. There is much beauty in the curves of the test and in 1ts
ornamentation, the patterns of the latter often being very intricate.

For some time after their discovery the Foraminifera were thought
to be a group of the cephalopods, and many of the coiled species have
the appearance of minute nautiloid cephalopods. Many of the
generic names were applied before the true relationships were known.

16777—Bull. 71—10——1
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Many of the coiled forms were early described as species of Nautilus,
and it was not until 1835 when Dujardin recognized the relationship
of the group to the rhizopods that their systematic position was
finally settled.

The classification of the group has been very differently treated by
later writers. lL.ed by W. B. Carpenter, there grew up what may be
termed the English school of workers on this group. Four names
stand out prominently, those of W. B. Carpenter, W. K. Parker,
T. Rupert Jones, and . B. Brady. The first three especially worked
on the basis of no sharp lines of demarcation between species or
ogenera or even between larger groups. The group was supposed to
be very variable, in fact so much so that genera were recognized as
tentative only and not really distinet. Brady, while holding many
of the same views, nevertheless described many new genera and
species, drew the lines more closely for the genera, and worked out a
fairly good classification of the whole group. He was, however, led
by the same plea of variation to unite recent forms with often dis-
similar fossil species, on the basis of similar characters in one part
or another, even while the whole test was often very different. With
only that variation is not so great as was thought by the English
school, but what was by them called wvariation 1s not variation
at different stages has very diftferent characters. In the light of the
present knowledge of the life history and the microspheric and
megalospheric forms these supposed variations take on a decidedly
different aspect and become of use in the separation of genera rather
than in uniting them. While these points are not so clearly brought
out in the arenaceous forms described in the first part of the present
work, they are well seen 1n certain ot the other families.

Schlumberger, 1n distinction from the kKnglish school, had very
different 1deas as to the variation and the classification of various
forms. He arcued that with other groups the identity of fossil and
living forms becomes small in the locene, and m the Cretaceous 1s
hardly known, yvet the workers of the lnglish school had no difficul-
ties In uniting recent species with even Jurassic or still older forms.
Schlumberger argued that when such similarity existed it was simply
a lack of characters, and that the two forms were potentially distinct.

Distribution has been thought to be of little account in the group,
either by regions or by depth. Certain species, for instance, are
recorded by Brady as from 18 to 3,950 fathoms, and with a world-
wide distribution. With material from scattered stations and a
worker attempting to explain all differences on the basis of varia-
tion such views may be held, but with larger series irom many sta-
tions, such as have been available in the present work, the material has
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seemed to prove the contrary in regard to many species. With the
lines of demarcation of species more closely drawn, 1t will be apparent
that certain of them have well-defined areas of distribution and are
found only between certain bathymetric altitudes. Not only 1s this
true in regard to species, but various species form definite faunas, as
will be later discussed. With plenty of specimens for comparison
from different areas 1t 1s fairly easy to show the specific differences
and the actual amount of the variation.

Throughout the group of the Foraminifera there 1s a nearly com-
plete series, from a simple gelatinous covering of the cell in some of the
fresh-water forms to the complex calcareous test of the higher groups.
The fresh-water forms, while not considered 1 the systematie part of
the present work, are nevertheless of especial interest on account of
their primitive characters. In Myrotheca the sumplest sort of cover-
ing i1s found, a gelatinous test which 1s flexible, so that 1t takes the
shape of the changing form of the cell. There 1s here also no definite
aperture, the pseudopodia being pushed through at any point. In
others of the fresh-water forms the test may be of flexible chitinous
material, but has a definite shape when the animal 1s at rest and usually
one or more definite and permanent orifices.

In the marine species, which form the basis of the present work,
there is usually a definite, specific form to the test and the aperture 1s
permanent. The materials used in making the test may be grouped
in two classes, (1) those derived from foreign sources, and (2) those
secreted by the animal itself. The foreign matenals are derived from
the bottom on which the animal lives, and therefore even in the same
species found under different conditions there 1s some variation in the
character of the materials used. In general, however, there seems to
be a certain amount of selective power on the part of certain forms,
and such characters have been used as of generic rank 1 systematie
work. The foreien material most frequently used 1s the mud or sand
of the ocean bottom, but certain forms use sponge spicules, erther
making them into a soft felted mass (Pilulina) or arranging them 1n a
definite manner and firmly cemented (Zechinitella). Other foraminit-
eral tests may be used, as may various small bodies which come
within the range of the animals. The cement 1n the agglutinated
tests may be chitinous, of iron oxide, or calcareous.

Of these calcareous tests two sorts have been recognized, one with
a definite aperture or series of apertures and with minute pores (the
perforate group),the other with a definite aperture or series of apertures
but without minute pores (the porcellanous group). By many writers
the latter group, represented by the Miliolidee, has been held to be
primitive and a group which had not developed perforations. On the
other hand, certain evidence, such as the perforate condition of the
early chamber of Peneroplis and other genera, would indicate that they
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are derived from the perforate group and that the lack of pores instead
of being a primitive condition may 1n reality be a specialized one
derived from a condition in which pores were developed throughout
the life of the mdividual.

In general the test of the Foraminifera may be single chambered or
many chambered. Contrary to the impression given by certain
works on the group, the process of adding chambers in the Foram-
inifera, while superficially hike budding or gemmation, 1s not neces-
sarily or usually accompanied by nuclear divisions. That 1s, instead
of the new chambers being potential individuals they are simply inte-
oral parts of one cell, and 1n the uninucleate form the single nucleus
is found in about numerically the middle chamber. In the process
of adding a new chamber a portion ol the protoplasm 1s protruded
from the aperture and a new chamber wall then formed about it.
In some cases a complete wall 1s formed with each newly added cham-
ber, but in others the adjacent parts of previous chambers form the
inner walls of the new chamber and new walls are formed only on the
free parts of the protoplasmic mass. In the open tubular test, such
as Astrorhiza ov Hyperammina, increase in the protoplasmic body 1s.
accompanied by addition of material at the open end of the tube and
an increase In size results. In single-chambered types, such as
Lagena, the manner of increase in size 1s problematical, if there be any
at all. In such forms the entire test may be made 1n its completed
form at once after division, as 1s the case with certain of the fresh-
water Rhizopods.

STRUCTURE.

COMPLEX TESTS,

In the tests having more than a single chamber the apertures of the
first-formed chambers become internal, as a rule, and a complexity
of relations to the outside medium is thus brought about. One of
the simplest arrangements of the chambers 1s a linear series. Such

the whole test becomes trochoid, asin Trochammina. Anothercommon
arrangement 1s a biserial one, the chambers being on opposite sides
of the axis, as in Textularia. These four plans or some modification of
of the secreted tests. Oftentimes more than one plan of arrangement
enters mto the formation of the test. Dimorphism was used for this,
but that term has been used elsewhere with a very different meaning.

It seems to have a definite phylogenetic bearing in each particular
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eroup, as will be shown 1n certain of the families to be taken up later,
when the details will be discussed at length.  The term “ dimorphism ™
would hardly cover the case in some genera, where eight or more dis-
tinct stages may be made out, each with 1ts characteristic form of
chamber, vet all appearing successively mn a single test.

The number of chambers in the complex tests varies from a few to
a great many. Where the size of the test becomes considerable and the
chambers correspondingly large, the chamber 1s often divided up in
various ways into chamberlets, as 1n Orbitolites.  In such cases the
adjacent chamberlets are usually in {ree communication with one
another. The walls of the chamberlets eive additional streneth in
many forms in which they are developed. Another characteristic
modification in some genera 1s the development of labvrinthie strue-
tures in the interior of the chambers. Such structures are seen in
Cyclammina, Haplostiche, Fabularia, ete.  In general, 1t seems to be a
mark of the culmination of certain lines i development, and many
of the genera which developed such labyrithic structures are now
extinct. From the appearance of a series of such tests of one species
at different stages in development, 1t would seem as though this
labyrinthic condition was developed as a secondary growth in the
chamber. One of its uses mayv be to give added strength to the test,
but this does not always seem to be the case, for it may occur in tests
which are characterized by thick walls.

APERTURES.

The aperture in a given species seems to be rather constant when
the development 1s understood. Much has been written upon this
subject; apertural characters have been used by some authors as :
basis for systematic work and discarded by others as very variable,
In a few specimens 1t may seem at first sight as though the apertural
characters were very variable, but with a large series showing different
stages in development another phase of the matter 1s presented. In
certain cases there is a very decided change in the condition of the
aperture, but these changes appear at definite stages in the hife history,
and all may be seen by cutting back a single [ull-grown ndividual.
In general, 1t has seemed from the present study that apertural char-
acters, when studied in large series, are a rather dependable set for
systematic work, and this will be shown to be true in the Miliohda
and Lagenida especially.

In many species teeth of various sorts are developed 1 the aperture,
and these teeth are subject to various modifications. It can be dem-
onstrated that these modifications occur m a definite sequence, and
that this sequence is important from a phyvlogenetic point of view.

In a considerable number of genera a definite tubular neck 1s devel-
oped, with the aperture at its end. This neck 1s seen 1n many genera
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in a grcat many modifications, and in Lagena the tube may be inverted
and be directed into the chamber of the test.

It is obvious that a very long slit-like aperture may be a source of
weakness to the test, especially when 1t 1s at the edge of a thin cham-
ber. Usually in such cases, as in Orbitolites, the animal changes its
This is often coincident with the development of chamberlets, but not
invariably so, for multiple apertures occur in Peneroplis where there

are no chamberlets.
ORNAMENTATION.

Many of the tests of the Foraminifera are beautifully ornamented.
Raised costae, striations, knobs, spines, and punctate areas form the
main types of ornamentation. Several of these or combinations of

often changing as the chambers of the test are developed. Certain
of the simpler forms of ornamentation may occur as parallelisms 1n
widely separated groups. As a rule, the proloculum and early cham-
bers are smooth and unornamented, but there are certain exceptions,
as in Nodosaria,for example, where in some species ornamentation may
occur on the first chamber. In specialized genera 1t 1s not uncommon
to find certain of the species with the early portion of the test orna-
mented, but the last-formed chambers with a loss of ornamentation
and a consequent development of smooth chambers. On the other

hand, there may be a thickening of the test from without and the

.....

often spinose. Such a condition 1s seen 1n some species of Bulimina.

SECONDARY CANAL SYSTEMS,.

Ordinarily the different parts of the test are connected with one
another by the previous apertures, but in some cases, notably in
Polystomella, there 1s a secondary canal system which 1s very complex
and runs to all the parts. This has been worked out by Carpenter
and others in detail.

COLOR.

The color of the empty tests in the Foraminifera is not a prominent
feature. Among the arenaceousforms the cement isoftenferruginous,
and when the 1ron 1s in sufliciently large proportion it imparts a red-
dish or yellowish-brown tinge to the whole structure. With this ex-
ception the arenaceous forms are usually dependent for their coloring
upon the material from which the test 1s made up. This material
may be of various colors, from the white of coral or siliceous sands to
black, with the various colors usually associated with ordinary sand
particles. In living specimens of certain of the arenaceous types,
Ammodiscus tor example, the newly formed portion of the test is
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often of a much highter color than the rest of the test; on the other
hand, in other forms, as in /formosina ovicula, the tips of the chambers
are often much darker than the rest. In the chitinous tests the usual
yellowish-brown color of chitinous structures 1s present, and is some-
what variable in 1ts tone.

In the secreted calecareous tests the usual color 1s white when empty.
There are various exceptions, a reddish or pinkish color beine most
common, such as appears in Globigerina rubra and Truncatulina rosea,
or perhaps more pronounced in Polytrema nunaceum. In other cal-
careous species, as in various species of Discorbina, there 1s a brown
color rather prominently developed. This 1s often confined to the
earliest chambers, and the later ones may be white. In many species
when alive there 1s probably more or less color which disappears when

the test 1s empty.
LIFE HISTORY.

For manyv of the Foraminifera two distinet phases have been dis-
covered. Onmne of these—the microspherie form—has a proloculum or
first chamber of much smaller size than the other—the megalospheric
form. These two forms are to be looked for in all species.

The microspheric form has a number of nuclei, often a larger number
than there are chambers, scattered irregularly through the protoplasm
of the body. There seems to be a rather definite relation between the
size of the nucle1 and the size of the chamber in which thev occur, the
larger nuclel being 1n the larger chambers and the reverse. Appar-
ently these nucle; simply divide in their reproduction during the
growth of the test.

When the animal attamns 1ts adult stage there 1s a great increase
in the number of pseudopodia, and the entire protoplasm either leaves
the test and accumulates about the exterior or 1s drawn into the
outer chambers. Finally, each nucleus gathers a mass of protoplasm
about itself and secretes the proloculum of a new test. 'This newly
formed proloculum is of the larger type and is the first chamber of the
megalospheric form, instead of being of the same size as that of the
microspheric parent from which 1t was derived. The megalospheric
form differs from the microspheric form in having a single nucleus.
This does not divide, but moves along as new chambers are added,
keeping in about the middle chamber numerically. Nucleoh appear
In increasing numbers as the growth continues, and finally the whole
nucleus breaks down and a great number of minute nucler appear.
These draw about themselves portions of the protoplasmic mass and
then divide by mitotic division. Finally, the mass leaves the test in
the form of zoospores. These are then supposed to conjugate and
to give rise to the small proloculum ol the microspherie form, thus
completing the life cycle, although the actual process of conjugation
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has not definitely been observed in this group. The empty tests left
behind must form a large proportion of the dredged Foraminifera.
The two forms may be distinguished by the size of the proloculum and,
when sufhiciently known, by other characters as well.

The microspheric form is thus the result of a conjugation or a sexual
process, while the megalospheric form 1s the result of simple division
or an asexual process. As a rule the megalospheric form is by far the
more common, and i many species the microspheric form is very
rare, or even as yet unknown. The microspheric form, while it starts
as a smaller individual, in most cases attains a much larger size than
the megalospheric, as might be suspected from the nature of the re-
productive processes by which 1t 1s formed. In species where there
are definite stages 1in development it 1s usually the microspheric form
which repeats these most fully, these stages being reduced or entirely
skipped in the megalospheric form of the species. '
megalospheric young instead of to zoospores. On the whole, the life
cycle agrees well with the alternation of generations as seen in certain
other groups of animals. ’

» PELAGIC FORAMINIFERA.

All of the Foraminifera may be divided into two classes, those
which are known to live at the surface, relatively a small number,
and those which have been found only on the bottom, which form
the great majority.

The pelagic species number but little more than twenty, and of
these few are really common at the surface. The two genera which
have more than a single species are Globigerana and Pulvinulina. The
following species have been taken at the surface: Globigerina wqua-
lateralis, G. bullovdes, G. conglobata, G. diqitata, G. dubia, G. inflata,
G. marginata, G. sacculifera; Pulvinulina canariensis, P. crassa, P.
menardin, P. patagonica, P. truncatulinoides, P. tumida; Hastigerina
pelagrea; Orbulina universa; Candeina mitvda; Pullenia obliquelocu-
lata; Spherovdina dehiscens; Cymbalopora bullordes; and Chailostomella
ovordea.

Of these species a few have been observed but once as single
specimens, and at best are but doubtful members of this group.
Others are almost never found on the bottom, and may be considered
as truly pelagic species.

As a group the pelagic species are characterized by peculiar struc-
tures. In Hastigerina pelagica, for example, there has been noted a
peculiar vacuoled condition of the protoplasm, in which 1t extends out
from the body to several times the diameter of the test and 1s filled
with large vacuoles. Many of the species have large apertures, and
in some cases a number of secondary ones are present, especially in
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the last-formed chamber of the adult. There is also a tendency for
the last-formed chamber to surround the preceding, ones either
entirely, as 1n Orbulina, or 1n part, as in some of the species of Globi-
gerina. Some of the species develop very long spines on the surface
of the test. Most of the species also develop a spherical or nearly
spherical test which, as has been shown by Rhumbler, is the form
which requires the least amount of secretion to cover the animal.
In the matter of the size of the perforations also there is a difference,
even 1n specles of the same genus, between those living at the surface
and those on the bottom, those of the surface forms being several
times as large as those of the bottom ones. In general, while the
various structures menttoned are also found in the bottom spe-
cles to some extent, they are strikingly characteristic of the pelagic
Foraminifera.

IEvidently the pelagic character has been developed independently,
ns there are members of three or more famihes represented. The
structures which they have developed 1n common, therefore, are to
be regarded as parallelisims due to similar environmental conditions.

FOOD.

In general, the food of the Foraminifera consists of vegetable mat-
ter, the diatoms and alge of various sorts furnishing the greater
part. In some of the pelagic forms, however, it has been observed
that copepods are caught and eaten, and some other Protozoa are
also caught.

COLLECTION AND PRESERVATION.

For one hiving near the ocean it 1s very easy to obtain material for
making a preliminary study of the Foraminifera. On stones, on the
piles of wharves and bridges, in fact upon almost anything that is
stationary for any length of time in the salt water, the Foraminifera
will be found 1n greater or less quantity. In the sand of tide pools
many specles may be found, and in the sand dredged from a few
fathoms there are sure to be some tests present. If locality is not
important, and one merely wishes to become acquainted with the
various forms, they may be found in the sand from sponges, from the
““chain lockers” of ships, ete.

For the study of a definite region involving any considerable depth
of water a special dredging apparatus must be used, together with
the various apphiances used in deep-sea work. As such methods are
too elaborate for individual work as a rule, it must be left lareely to
government vessels and to especially equipped scientific expeditions.
For getting together material for the study of a definite fauna, such
as that of the North Pacific, 1t 1s necessary to depend almost wholly
upon the work of such specially equipped vessels. The samples that



10 BULLETIN 71, UNITED STATES NATIONAL MUSEUM.

are brought up from the ocean bottom must be washed in some way
to separate the mud from the other material. One of the easiest and
most expeditious ways 1s to shake the material in a cloth immersed
in water. This quickly washes out the mud and leaves the Forami-
nifera with more or less sand, fine shells, and like objects. Such
material when dried is easily examined, and the Foraminifera desired
may be picked out with the tip of a needle moistened slightly or with
a fine brush.

For the mounting of the Foraminifera for permanent preservation
nothing better seems to be available than the wooden slides men-
tioned by Dr. James M. Flint. These are of wood with a concave
boring in the middle of one side. The slides themselves are 3
inches long and one inch wide. Some of them as used in the
present study have been made thin enough to fit into an ordinary
slide box, and have a small concave portion, while another lot
has been used nearly twice as thick, but cut at the ends so as to
slide into the grooves of a slide box. These latter are drilled with
a larger and deeper concavity and are used for the arenaceous
and other large species. The bottom of the concavity i1s blackened
with drop black, and the cover i1s made of a slip of mica held
in place by a spring made of a thin strip of brass bent to con-
form to the two sides of the shide with enough spring in the strip to

make 1t act as a clamp to hold the piece of mica securely. This elamp
may be easily slipped off when the specimen 1s to be critically exam-
ined, or with a hand lens the specimen may be studied directly
through the mica. The specimens are dropped into the cavity and
not fastened in any way, and are therefore available at any time for
studyine from any side simply by removing the cover and turning
the specimen to the desired position. (See figure.)

For photographing, the specimens have been fastened to the bot-
tom by a little glue, and if desired can be easily removed for study.

Great care should be taken in the making up of the shides to keep
distinct the material from various stations, even though 1t may

LI

appear as all one species from widely separated localities. 1f previous
collectors and workers had been more exact in some of these details
1t would now be easier to separate the various species and varieties.

In many of the families the necessity of studying sections of speci-
mens 1s very great. This method, given by many writers, 1s the best
to follow: The specimen 1s placed in position and fastened by a
small drop of glue. When this has hardened the specimen 1s covered
with balsam and heated until the balsam has penetrated into the
chambers. After allowing the specimen to become hardened, 1t may
be ground down on an ordinary hone, frequent observations being
made to determine the plane of cutting. When the desired plane has

been reached the specimen may be removed by dissolving the balsam

HErH



FORAMINIFERA OF NORTH PACIFIC OCEAN. 11

with a little xylol and then the glue dissolved by water. By turning
the specimen over and repeating the process a thin section may be
obtained, which may then be mounted permanently. By this means
the arrangement of chambers in the mnterior of a test may be studied,
even when they may be entirely hidden 1in an ordinary external view.

HISTORICAL.

The North Pacific Ocean as a whole has received less attention,
except from the United States vessels, than any of the great ocean
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basins. The idea has been prevalent that it was largely a vast red-
clay area of great depth. This was mainly a result of the voyage of
the Challenger, which certainly did follow a course leading over such
a portion of the bottom. On the whole, the generalization 1s true
that the ocean bed of the North Pacific 15 a great red-clay area. In
spite of this fact, there are, as was shown by the work of the Nero,
considerable areas of globigerina ooze containing abundant Forami-
nifera. As the aim in the present work is to include all records for
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this region, a short review of the work done on the Foraminifera will
not be out of place. |

Ehrenberg had material from many parts of the world, and some
of his samples included specimens from this area. Carpenter’s work
really gives an idea of certain of the Philippine forms. He mentions
several species as occurring here, and notes that they vary more or less
from what he terms the same species from the Mediterranean. Defi-
nite data are not given, and the few species noted as occurring in the
region are not given further attention in this work, as they are for the
most part the larger and more common shallow-water species of the
tropical coral-reef fauna.

It is in Brady’s Report on the Challenger Foraminifera that the
first real sketch of the foraminiferal fauna of the North Pacific 1s
oiven, especially that of the deeper portions of the adjacent seas. A
considerable number of species and varieties are recorded from this
area, but the great majority of these are from three regions, really
from three stations. In point of view of richness, these are, first,
the coral reefs of the Hawailan Islands, at a depth of 40 fathoms;
next a station off Japan on the Hyalonema ground, in 345 fath-
oms; the third station is just west of the Philippines, mn 95 fathoms.
These three stations together furnished a large part of the North Pa-
cific records of the Challenger Report. Many of the other stations
ocave but a few species; some none at all.  From these facts 1t might
be imagined that the rich fauna of this area 1s1n the shallow water,
and this has proved to be the case. As a rule, the globigerina ooze
away from the oceanic islands 1s uninteresting, consisting almost
exclusively of the pelagic types of Globigerina, Pulvinulina, Spha-
roidina, ete. Near the islands it contains more species, but on the
whole is far less interesting than the somewhat similar ooze of the
North Atlantic.

In 1893 Picaglia @ recorded twelve species from three stations in
the mid-Pacific from the dredgings of the Vettor Pisanr. Of these
two were additions to the Challenger list.

In 1894 Schlumberger ® recorded a number of species from a single
station in the Sea of Okhotsk. Some of these were described for the
first time. Ie noted the meagerness of the fauna of this particular
portion of that ocean area, and his remarks have been confirmed by
my examination of the Albatross material of 1906 from the same
region. 1

In 1896 Goés reported upon the Foraminifera from the region be-
tween the Galapagos Islands and the coasts of Mexico and Central
America.c The area covered was fairly represented in the material
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a Atti Soc. Modena, ser. 3, vol. 12, pp. 152-150.
b Mém. Soc. Zool. France, 1894, pp. 237-243.
¢ Bull. Mus. Comp. Zool., vol. 29, 1896.
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both as to depth and bottom conditions. A considerable number of
new species was discovered, and from the list of species given much
can be made out as to the characters of the fauna. Goés returned to
the National Museum a set of nearly all the species he recorded, and
his selected material has been carefully studied in connection with
the present work.

In 1899 Fhnt's report on the Albatross Foraminifera ¢ added to
the previous knowledge by records from scattered stations on the
west coast of North America and a few species from the western
Pacific. Most of the stations from which the material was taken for
his report were in the North Atlantie.  llis report on the Nero mate-
rial ® added a few records to the previous ones, although in that
report as a rule only the genera were mentioned, the work dealing
with oceanography rather than determination of the species in the
deposits. Something of the general character of the fauna of various
areas may be ascertamed from the genera mentioned.

In 1906 Rhumbler reportedc upon material from Laysan and the
Chatham Islands. The material came from shallow water. Of the
species recorded a considerable number were described as new.
These records are especlally mteresting as they represent the hittoral
fauna not previously recorded, except from the Hawanan Islands in
the Challenger Report. Rhumbler’s records show the existence of a
shallow-water fauna of tropical character about these islands, and the
new species indicate the individuality of these more or less isolated
areas.

In 1908 Bagg ¢ recorded a considerable number of species from the
immediate vicinity of the Hawanan Islands. These records add con-
siderably to the recorded fauna of the shallower water as given in the
Challenger Report. In this Albatross material the stations reported
upon were mainly in globigerina ooze and for the most part lack the
shallower water species so common on the coral reefs of this region.
The series selected by Doctor Bagg has been examined and the results
of this examination appear as the species are discussed.

Altogether the eight titles mentioned have built up a rather numer-
ous fauna for the North Pacific, but the material that was available
for all of them was rather meager when compared with the material
available for the present work. As a result, not only has a very large
proportion of the previously recorded species been rediscovered, but
a great many species have been added, some new, and some pre-
viously described from other areas. The large series of specimens
has added greatly to the ranges of distribution for species which were

—

a Rep. U. S, Nat, Mus., 1897, (1899) pp. 249-349.
b Bull. 55, U, N, Nat. Mus., 1905.

cZool. Jahrb. Abt. Syst., vol. 24, pp. 21-80.

d Proc. U. S. Nat. Mus., vol. 34, pp. 113-172,
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formerly known only from 1solated stations and has shown the incor-
rectness of the determination of many species of this region as iden-
tical with species characteristic of the fossil beds of Europe.

SOURCES OIF MATERIAL.

U. S. Fisheries steamer Albatross.—The greatest part of the work
of making known the ocean bottom of the North Pacific has been
done by the U. 5. Bureau of Fisheries steamer Albatross. For the
last twenty years the Albatross has been in the Pacific Ocean and
In the present work these will be referred to in the usual manner, as
“station D505677 or “H3228) ete. Of the Albatross material, that
from a considerable number of stations was available from the work
of the earlier years. These stations were chiefly along the Pacific
coast of the United States, British Columbia, and Alaska. During
the early part of 1891 dredging operations were carried on off the
coast of California, Mexico, and Central America, and out to the
Galapagos Islands. The material collected was worked up by Goés
and 1s recorded in his paper already referred to. Later, in 1891 and
continuing into 1892, the Albatross was engaged 1n a cable survey
between California and the Hawanan Islands. About 550 stations
were occupied and a mass of material from a definite line across that
part of the Pacific was gathered. Asis the case 1n so many parts
of this ocean basin, the depth for much of the distance surveyed was
too great for the existence of many Foraminifera, the majority of
the soundings consisting of typical red clay. In certain parts of the
area, however, Foraminifera were fairly common.

In 1902 the Albatross made an exhaustive dredging trip in the
vicinity of the Hawanan Islands. Much of the bottom material was
unfortunately destroyed, but the remainder formed the basis of the
paper by Doctor Bage on the Foraminifera of this region. Fortu-
nately, the cable survey of 1891 and the work of the Nero furnished
new material from a number of stations in this area, and this has
been available for the present work.

In 1906 the Albatross made an extended voyage of exploration in
the northwestern Pacific, a region practically unknown up to this
time. Material from this voyage, especially from about the 1slands of
Japan, the Sea of Japan, the Sea of Okhotsk, ete., has been available
may be termed the *‘cold-water fauna” of the North Pacific. Many
other species were also added from the very interesting region oft the
southern coast of Japan where the Challenger made a few hauls with
such satisfactory results. Some of the Albatross dredgings cover the
identical areas where the Challenger dredged, and it is interesting
to find again 1n the Albatross material certain of the rare species
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described by Brady in the Challenger Report as from this region
only. The more extended work of the Albatross adds much to our
knowledge of the real distribution of these species formerly known
from only a single station.

U. 8. §. Nero.—Next 1n importance to the work of the Albatross
has been that of the U. S. S. Nero, which 1n 1899 and 1900 made a
detailed cable survey across the North Pacific from the Hawailan
Islands to Midway lsland, thence to Guam, to lL.uzon, to Guam, to
* Yokohama, to Guam, to Midway Island, and then back to the Hawai-
1an Islands. Thus a very complete line of soundings was made,
giving, 1n connection with the 18S91-92 survey from California made
by the Albatross, a complete line of soundings and of bottom samples
across the whole North Pacific. The work of the Nero by actual
distance of the course of the survey gives on an average a record for
every few miles of the distance. Such detailled work has not been
avallable for anv such distance before. Much of the work was 1n
very deep water 1n red clay areas, and the results as to the Foram-
inifera practically ni/, but many areas of shallower water were cov-
ered with typical globigerina ooze conditions. The areas about the
various centers of work at Honolulu, Midway, Guam, etc., gave an
excellent series of Foraminifera. About 750 bottom samples from
work of the Nero, mostly from the shallower areas, were examined and
much was thereby learned in regard to actual distribution of the
various specles, many of the results of decided 1importance in delimit-
ing faunal areas for the North Pacifie.

U. §. §. Alert.—A considerable number of bottom samples was
avallable from the work of the U. S. S. Alert in the western Pacific.
As a rule, these were 1n the vicinity of the Bonin Islands and near
other volcanic islands, containing m general little of interest, yet
certain of the samples had many mteresting species and add stations
which otherwise would not have been accessible.

Miscellaneous.—Scattered material from various sources has also
been available, from the China Sea, Hongkong, and various shore
stations in the Philippines. All have added interesting data, although
the material from such sources was not usually rich in Foraminifera.

Strangely enough, the region from which the least material was
avallable 1s that of the west coast of the United States. This is
partly due to the fact that the Albatross when in these waters is often
engaged In work other than that of dredging. Enough material is
avallable, however, to show that the region is a peculiar one in many

respects.
DISTRIBUTION AND ITS IFACTORS.

In relation to the Foraminifera there are three conditions which
are of importance in addition to the character of the bottom—depth,
temperature, and ocean currents.
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In regard to the first of these conditions it may in general be said
that there are almost no calcareous Foraminifera to be found in depths
greater than 2,500 fathoms. There are certain exceptions to this,
but the number of such exceptions is very small. In greater depths
than this there are to be found certain species of the arenaceous
Foraminifera, which have been found at the greatest depths that
dredgings have been made. The reason for the practical disappearance
of the calcareous forms below the 2,500-fathom line has not yet been
definitely settled. It has been thought that the great pressure at -
that depth has made their dissolution much easier than at shallower
depths, but this has not been conclusively demonstrated.

Besides the disappearance of certain groups of forms through
dissolution, there are found to be rather definite limits to the range in
depth of any particular species when a considerable series may be
had for study. Many species are found only in very shallow water,
such as Alveolina, Amphisteqina, ete. They may be found occa-
sionally at considerable depths in the wvicinity of oceanic islands,
such as Guam, where the currents carry them into deeper water, but
even 1n such cases the tests show the effects of wave action and are
as a rule tests which were apparently empty before they were carried
out to this depth. In the neighborhood of such islands very strange
mixtures of deep-water with shallow-water species may be found,
and mingled with the other two are often many of the typical species
of the globigerina ooze.

Bottom temperature has in some cases an apparent influence upon
the distribution of certain species. For example, certain species of
the arenaceous group which are ordinarily found in deep and cold
water are found i comparatively shallow water in such regions as
that of the Okhotsk Sea, where the bottom temperatures are very low.
Apparently in such cases their presence at such depths i1s to be
explained upon the basis of temperature. In a similar manner there
are a certain number of species which seem to thrive only in the warm
water of the tropics and are for the most part found associated with
the other species of animals characteristic of coral reefs.

Ocean currents play an important part in the distribution of species
temperatures, and therefore in this way limiting or extending the
range of certain species; and also (2) through their position and
direction determining the distribution of the pelagic tests on the
ocean floor. This will be shown in dealing with distribution of the
various species of Globigerina. '

With these various factors it 1s not surprising that definite faunas
should exist in different parts of so large and varied a region as that
of the North Pacific. In thisstudy a number of rather definite faunas
have been met with which may be clearly separated. In general the
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oreat ocean depths are very uniform, and it is in this portion of the
ocean basins that universal distribution is to be looked for. Many
species found at depths of 1,000 fathoms, for example, are probably to
be found 1n similar depths in any of the great ocean basins. This is
even more true of thosc species which are encountered at the 2,000-
fathom lime. At depths of less than 500 fathoms species occur
which in many cases seem to have a rather limited range. Many such
species have been found—species, for example, which were recorded by
Brady from material from a single Challenger station, and have been
found again 1n the present study on the Albatross material from
exactly the same regions and at approximately the same depths.
Such species may be considered as marking definite faunal limits
where enough such species occur in any one region. On this basis
the North Pacific Ocean may be divided up into several faunal
regions, which, while they may have a considerable number of species
In common, nevertheless have a distinctive character as a whole.

Among the most characteristic of these faunas may be mentioned
the coral-reef fauna, as 1t may be conveniently called. This fauna,
characterized by such genera as Orbitolites, Alveolina, Peneroplis,
Amphaisteqina, Polytrema, ete., 1s found about the coral reefs of the
Phihppines, the Hawanan Islands, Guam, and other of the tropical
oceanic 1slands of this area. It 1s best developed about the first two
egroups of islands at comparatively shallow depths. In the north
this fauna extends, with certain modifications, up to the southern
portion of Japan, but so far as made out it is not developed at all
on the eastern coast of the North Pacific. The same fauna is found
in the Malay Archipelago, in various parts of the East Indies, off the
northern coast of Australia, to some extent in various parts of the
Mediterranean, and also a modification of i1t in the West Indies.

Off the coast of Central America and Mexico there is developed a
peculiar fauna which 1s seen in a modified form in the deeper waters
off the eastern coast of the Philippines. Certain of the species, or at
least the genera, are also characteristic of certain parts of the extreme
North Atlantic, where they have been described by Brady from the
Porcupine and other dredgings. Some of the genera which are
characteristic of this region are Crithionina, Bathysiphon, large species
of Reophax, Verrucina, etc.

Off the coasts of Japan and of the Philippine Islands in green mud
at depths of a few hundred fathoms there is another rather definite
fauna, which is mainly characterized by many species of the Lagenidze,
such as Sagrina bifrons H. B. Brady, and many of the species recorded
by Brady from the Hyalonema ground south of Japan in about 300
fathoms. This fauna appears to run northward a considerable dis-
tance along or off the Japanese coast and to extend eastward to the

16777—DBull. 71—10 2
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Ladrone Islands and southward through the Philippines to the region
north of Australia. ' ,

Besides these three, which are rather definite in their limits, there
are many more minor faunas which may be made out, but which are
not of sufficient importance to be mentioned here. Oneexample, for
illustration, 1s the cold area extending around the northern portion
of the North Pacific and Bering Sea. This 1s marked by such species
as Polystomella sibirica Goés, ete.

On the whole, while the North Pacific 1s not as interesting perhaps
as is the North Atlantic, there are portions of 1t which are very rich
in species which are represented by an abundance of specimens.

The systematic portion of the work has been written on the basis
of the distribution in the North Pacific entirely, and the stations are
agiven with this in mind. Occasionally mention of other regions is
made, but only when this has some special bearing on this region.

SYSTEMATIC PART.

Order FORAMINIFERA.

Pseudopodia of fine threads, freely anastomosing to form anetwork;
test typically with many minute foramina, in one family with a
single aperture; wall of the test composed of chitinous or calcareous
shells, ete., usually secreting either no silica or a very little under
certain conditions.

[Family 1. GROMIDA.

Test usually chitinous, sometimes with a covering of foreign
material; apertures one or more; as a rule inhabiting fresh and
brackish waters.

As all the material available for the present work consists of
strictly marine material, usually dredged from altitudes of several
fathoms to the greatest depths, members of this family are not to be
expected. They undoubtedly occur in the fresh or brackish waters
of the coasts and larger i1slands. They will not be further considered
here.]

Family 2. ASTRORHIZID .

forms, of a closed chamber with a single aperture, but throughout
the family the test 1s not divided into a series of chambers.

The tests here included in this family are all of agglutinated ma-
terial, but in some genera, such as Rhizammana, there 1s a chitinous
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base to which the foreign material is attached. There seems to be a
regular succession of forms from Astrorhiza, in which there is a central
chamber with many irregular openings to the tubular form open at
both ends and of indefinite length, thence to the chamber closed
usually except at a single point as Proteonina or with several apertures
as in Thurammina. This single-chambered form then leads to the
forms with a globular proloculum and an elongated chamber, but
undivided. Occasionally tests are found as in Rhabdammana discreta,
where there are external constrictions, but without complete divisions
within.

Subfamily 1. ASTRORHIZIN _&..

Test consisting usually of a tube open at both ends or in some
specics of Astrorhiza with several tubes entering a central chamber;
in some species with the tube branching (Rhabdammana wrregulars,
Rhizammana algaeformas, etc.).

Included in this subfamily are five genera, Astrorhiza, Rhabdam-
mina, Marsipella, Bathysiphon, and Rhizammina. With the ex-
ceptionof the first we know very little concerning the animal, excepting
for the material of which the test 1s made; each consists of a stmple or
branching tube open at the ends, except in some species of Astrorhiza,
where there are several tubes and a single central chamber. The
growth seems to take place by the addition of material at the open
ends of the tube, thus increasing the length.

Genus ASTRORHIZA Sandahl, 18587.

Astrorhiza SANDAHL (type, Astrorhiza limicola SANDAHL), Ofv. Svensk. Vet. Akad.
Forh., vol. 14, no. 7, 1857, p. 299.—H. B. Brapy, Rep. Voy. Challenger,
Zioology, vol. 9, 1884, p. 230.

Astrorhiza+ Rhabdammina (part) EIMER and FickerT, Zeitschr. wiss. Zool., vol.
65, 1899, p. 666.

Ammodiscus CARPENTER and JEFFREYS, Proc. Roy. Soc. London, 1870, p. 159
(not Ammodiscus REuss, 1871).

Arenistella FiscHER and peFouixn, Les fonds de la mer, vol. 2, 1872, p. 26.

Astrodiscus F. E. ScHULZE, II Jahr. Comm. wiss. Unt. deutsch. Meer 1n Kiel, vol.
1, 1875, p. 113.
Hackelina BEssSELSs, Jen. Zeitschr., vol. 9, 1875, p. 265.

Description.—Test free, flattened or tubular, composed of sand or
mud loosely cemented; chamber within connecting with the exterior
by the open ends of the tubes or by several definite apertures in the
flattened forms.

Five species occur in the North Pacific, so far as is known. They

are typically cold-water species here, as also in the North Atlantic.

None of the species seem to be common so far as the material that
has been examined shows.
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AS5TRORHIZA ANGULOSA H. B, Brady.

Astrorhiza angulosa H. B. Brapy, Quart. Journ. Micr. Sci., vol. 21, 1881, p. 48;

-

Bull. Mus. Comp. Zod6l., vol. 29, 1896, p. 19.—IFrint, Rep. U. S. Nat. Mus.,
1897 (1899), p. 265, pl. 3, fig. 1.—RuumsLER, Arch. Protistk., vol. 3, 1903, p.
218, fig. 38 (1n text).

......

biconvex, rounded at the edges, interior consisting of a small central
chamber from which tubes radiate, one to each angle of the test, their
open ends serving as apertures; wall thickest about the central
7o chamber, composed of fine sand, exterior

of the test loose and granular, within,
smoothly finished, wall about the aper-
tures often tinged a reddish-brown.

Diameter, 2—-4 mm.

Dastribution.—This  species was ob-
tained by the Albatross at asingle station,
D3407, oftf James Island, Galapagos, in
885 tathoms from globigerina ooze. .

Of the four specimens from this station
in Goés” material, two have the darker-
colored neck as shown in Brady’s figures
(pl. 20, figs. 11, 12).

Fig. 1.—ASTRORHIZA ANGULOSA. = 15,

ASTRORHIZA FURCATA QGoes.

Astrorhiza furcata Gois, Dull. Mus. Comp. Zodl., vol. 29, 1896, p. 19, pl. 1, figs.
4, b.—RuaumBLER, Arch. Protistk., vol. 3, 1903, p. 218, fig. 39 (in text).

Description.—Test flattened below, convex above, triangular, with
three tapering arms, attenuated at their ends, which serve as aper-
angle usually longer than either of the other two; wall of medium
thickness, composed of mud and fine sand with occasional larger
fracments; texture of wall fairly firm, more so than in most of the
other spectes of the genus, color dark gray or almost black.

Length about 5 mm.

Distribution.—Obtained by the Albatross at a single station, D3419
oft Acapulco, on the west coast of Mexico, in 772 fathoms in green
mud. This 1s the type station.

The three specimens selected by Goés from the original station are
hgured here. They show the variation in form as well as other slight
differences.  One or two other specimens were also found in looking
through the material from this station. The species is different in
various ways from typical Astrorhiza but may be left here until more
material can be obtained.
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ASTRORHIZA GRANULOSA (H. B. Brady).

Marsipella granulosa 1. B. Brapy, Quart. Journ. Micr. Sci., vol. 19, 1879, p. 36,
pl. 3, figs. 8, 9.—DBUTtscHLI, in Bronns, Klassen und Ordnungen des Thier-
reichs, vol. 1, 1880, p. 194, pl. 5, fig. 9.

Astrorhiza granulosa 1. B. BRaDpY, Quart. Journ. Micr. Sei., vol. 21,1881, p. 48; Rep.
Voy. Challenger, Zoology, vol. 9, 1884, p. 234, pl. 20, figs. 14-23.—NEUMAYR,
Stimme Thierreichs, vol. 1, 1889, p. 173, fig. 17d.—GoEs, Dull. Mus. (Comp.
Zool., vol. 29, 1896, p. 19.—Frint, Rep. U. S. Nat. Mus., 1897 (1899), p.
265, pl. 1.—RHUMBLER, Arch. Protistk., vol. 3, 1903, p. 219, fie. 41 (in text).

Rhabdammana granulosa EIMER and IFICKERT, Zeitschr. wiss, Zool., vol. 65, 1899,
p. 667.

Description.—Test fusiform, tapering toward the ends, internally
with a long tubular chamber of nearly uniform diameter, open at

Fi1Gs. 2-4.— ASTRORHIZA FURCATA. 2, 3, 4 ¢, FACE VIEW OF THREE SPECIMENS SELECTED BY Goiis FROM
THE TYPE STATION; 4 b, SIDE VIEW. > 1U.

both ends, the apertures sometimes more or less closed by particles
of sand; wall composed of fine siliccous sand, loosely cemented
externally, occasionally with tests of Globigerina or other foreign
particles cemented into the test, ends often with a brownish tinge,
the rest of the test grayish.

Maximum length, 5-7 mm.

Dstribution.—1 have had material of this species from four stations
in the North Pacific. Of these one is the station recorded by Goés,
Albatross station, D3375, southwest of Panama in 1,201 fathoms
from globigerina ooze. The other three stations are in the North-
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west Pacific, dredged by the Albatross in the 1906 cruise, D4979, 943
fathoms, D5031, 86 fathoms, and D5095, 58 fathoms. The first of
these stations 1s in the southern portion of the Japan Sea, the other
two being in shallow water south of Honshu Island,
Japan.

The two stations from shallow water are in the
influence of cold currents and this may account for
the finding of this species at depths so much shal-
lower than the previous records.

ASTRORHIZA CRASSATINA H. B. Brady.

Astrorhiza crassatina H. B. BrRapy, Quart. Journ. Micr. Sci.,
vol. 21, 1881, p. 47; Rep. Voy. Challenger, Zoology,
vol. 9, 1884, p. 233, pl. 20, figs. 1-9.—GokEs, Kongl.
Svensk. Vet. Akad. Handl., vol. 25, no. 9, 1894, p. 13,
pl. 2, figs. 11-15; Bull. Mus. Comp. Zoo6l., vol. 29, 1896,
p.19.—FuinTt, Rep. U.S. Nat. Mus., 1897 (1899), p. 265,
pl. 2.—KirzERr, Norske Nordhavs-Exp., no. 25, 1899,
p. 4.—RuHUMBLER, Arch. Protistk., vol. 3, 1903, p.
220, fig. 42 (in text).

Rhabdammina crassatina EIMER and ERI N

F’G*5'“$11RDR§I;Z6*GR"‘NU' FickeERT, Zeitschr. wiss. Zool., o

o ' vol. 65, 1899, p. 668.

Description.—Test  subcylindrical or 1irregular,
elongate, ends rounded, internally with a tubular
chamber, open at both ends, but of .uneven «iam-
eter, the apertures often more or less closed by
particles of sand; walls thick, composed of fine sand,
loosely cemented at the surface; occasionally with
various foreign particles. |

Maximum length of typical specimens, 8-10 mm.

Distribution.—Obtained by the Albatross at three
stations in the 1906 cruise, D4946, 39 fathoms,
D4949, 110 fathoms, and D4979, 943 f{fathoms.
These three stations are near Japan—one south of
Honshu Island, the other two southeast of Kiushu
Island. All three of these are within the imfluence
of the cold currents from the north. Goés records
this species from Albatross station D3407, off James
Island, Galapagos, in 885 fathoms from globigerina
0o0ze.

The specimens referred to this species by Goés FI;;MZQ:IN}:&TR;R;EZA
are not typical. They are large, very rough, irreg- o |
ular tubes, with a very narrow and little dilated chamber, the longest
specimen measuring nearly 25 mm. Just what these tubes are 1t 1s
difficult to say, but their questionable position must simply be noted
until living material can be studied.
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ASTRORHIZA TENUIS Goes.

Astrorhiza tenuis GoEs, Bull. Mus. Comp. Zool., vol. 29, 1896, p. 20, pl. 1, figs.
6-8.—RHUMBLER, Arch. Protistk., vol. 3, 1903, p. 220, fig. 43 (in text).

Description.— *More or less slender cylindrical or fusiformed tubes,
usually tapering to the ends, with constricted apertures. Tube
channel smooth, with faint traces of spurious septa. Wall loosely
cemented of coarse sand, light grayish, comparatively thick.”

““Length 5-10 mm.; diameter 1-1.5 mm.”

Distribution.—Described by Goés from Albatross station D3431,
995 fathoms, at the entrance to the Gulf of (California.

In the collection at Washington there are no specimens of this
species 1 the material returned by Doctor Goés. No specimens
which can be definitely assigned to this species were found in an
examination of the unsorted material from this station. The de-

FI1GS. 7.—ASTRORHIZA TENUIS. @, LONGITUDINAL SECTION; b, TRANSVERSE SECTION;
¢, SIDE VIEW OF EXTERIOR. (AFTER GOES.) > (.
scription and figures are given from Goés’s original paper. It seems
to me questionable whether this is a true Astrorfiiza, but without
specimens it is difficult to decide.

Genus RHABDAMMINA Carperter, 1869.

Rhabdammana M. Sars, Forh.Vid. Selsk. Christiania, 1868, p. 248 (nomen nudum) . —
W. B. CARPENTER (type, R. abyssorum W. B.CARPENTER), Ann. Mag. Nat.
Hist., ser. 4, vol. 4, 1869, p. 288; Proc. Roy. Soc. London, vol. 18, 1869, p.

60.—H. B. Brapy, Rep. Voy. Challenger, Zioology, vol. 9, 1884, p. 266.
Astrorhiza (part)+ Rhizammaina (part) Exner and Fickgerr, Zeitschr. wiss. Zool.,

vol. 65, 1899, p. GG6.

Description.—Test free, tubular, either straight, radiatine from a
common center or branching, open ends of the tube serving as aper-
tures; wall coarsely arenaceous, usually more or less rough, firmly

cemented.
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This genus includes five species, four of which are now known
from the North Pacific. As they are, as a rule, deep-water species,
little 1s known concerning the soft parts. It seems likely that there
i1s a more definite beginning to such a test as that of R. wrreqularis
than has been seen. All the specimens have the appearance ot being
broken at the lower end.

RHABDAMMINA ABYSSORUM W, B, Carpenter,

Rhabdammana abyssorum M. SArs, Forh. Vid. Selsk. Christiania, 1868, p. 248
(nomen nudum)—W. B. CARPENTER, Ann. Mag. Nat. Hist., ser. 4, vol. 4,
1869, p. 288; Proc. Roy. Soc. London, vol. 18, 1869, p. 60.—G. O. SArs, Forh.
Vid. Selsk. Christiania, 1871, pp. 250, 251.—CARPENTER, The Microscope, 6th
ed., 1881, pp. 562, 563, figs. 321 ¢, d (in text).—H. B. Brapy, Rep. Voy.
Challenger, Zioology, vol. 9, 1884, p. 266, pl. 21, figs. 1-13.—DE IForin, Le
Naturaliste, vol. 9, 1887, p. 127, fig. 12a.—A. Acassiz, Bull. Mus. Comp. Zodl.,
vol. 29, 1888, pp. 162, 163, figs. 492, 493 (in text).—NEWMAYR, Stiamme Thier-
reichs, vol. 1, 1889, p. 173, fig. 17a (in text).—EaGcER, Abh. kon. bay. Akad.
Wiss. Miinchen, vol. 18, 1893, p. 255, pl. 4, fiz. 31.—GoEs, Kongl. Svensk.
Vet. Akad. Handl., vol. 25, no. 9, 1894, p. 19, pl. 4, figs. 67, 68.—SCHLUM-
BERGER, Mém. Soc. Zool. France, vol. 7, 1894, p. 254.—Gois, Bull. Mus.
Comp. Zool., vol. 29, 1896, p. 21.—Kixr, Norske Nordhavs-Exp., no. 25,
1899, p. 4.—FLinT, Rep. U. S. Nat. Mus., 1897 (1899), p. 271, pl. 12, fig. 2.—
RuaumBLER, Arch. Protistk., vol. 3, 1903, p. 264, fig. 108 (in text).

Rhabdammina abyssorum, var. robusta Go¥s, Kongl. Svensk. Vet. Akad. Handl.,,
vol. 19, No. 4, 1882, p. 143, pl. 12, fies. 430, 431.

Astrorhiza abyssorum EIMER and FICKERT, Zeitschr. wiss. Zool., vol. 65, 1399,
p. 066.

Description.—Test free, consisting of a central chamber with
three to five radiating arms, usually three, of nearly uniform diameter
and usualiy 1n the same plane, but occasionally, when there are more
than three arms, the extra ones may be in a different plane from
the other three, arms tubular, circular in cross section, ends open,
forming the apertures of the test, wall of the test composed of very
firmly cemented sand grains of variable size, exterior usually rough-
ened but the interior smooth, wall fairly thick, cement containing
ferruginous material giving the test frequently a reddish brown
color, but the color varies from light gray to almost black, according
to the materials of which 1t 1s composed.

Diameter, including arms, up to 17 mm.

Distribution.—The species is well distributed in the North Pacific,
occurring in at least fifteen of the Albatross and Nero stations. Of
these, one is the station recorded by Goés, D3375, 1,201 fathoms ofl
the west coast of Central America; it was very abundant at D4337,
617-680 fathoms off San Diego, California; one station is in Bering
Sea, D3501, in 688 fathoms. The other twelve stations were 1n the
region south of Japan i from 71-1,759 fathoms. The specles was
obtained by the Challenger at station 237, in 1,875 fathoms, east
of Japan.
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There 1s a considerable variation 1n this species along certain lines.
Typically there are three arms, but there are occasionally four or
five, these specimens usually being rare. However, at station D4337,
off San Diego, California, there was obtained a considerable series
of specimens of this species and among these examples with four
or even five arms were rather common. In the matter of tex-
ture of the wall there 1s also a considerable variation, partly due
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F1GS. 8~10.—RHABDAMMINA ABYSSORUM. 8@, FRONT VIEW, b, END VIEW OF ONE ARM OF THE SMOOTHER
FORM FROM DEEP WATER, < 10; 9, FRONT VIEW OF A SHALLOW WATER SPECIMEN FROM THE COAST
OF JAPAN, X 23; 10, CENTRAL PORTION OF A SPECIMEN WITH FOUR ARMS, X 15.

to bottom conditions it would appear from the material examined.
The specimens from shallower water are more apt to be constructed
of coarse sand grains, figure 9, while those from deep water where
such materials are lacking are made of much finer grains with more
or less mud and often contain Globigerina or other tests in the wall.
This species has been usually found in deep water, all but four stations
being in water more than 600 fathoms deep.
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RHABDAMMINA IRREGULARIS W. B. Carpenter.

Rhabdammina irregularis W. B. CARPENTER, Proc. Roy. Soc. London, vol. 18,

1869, p. 60.—H. B. Brapy, Rep. Voy. Challenger, Zoology, vol. 9, 1884, p.
268, pl. 21, fig. 9.—GokEs, Bull. Mus. Comp. Zobél., vol. 29, 1896, p. 21.—
RHUMBLER, Arch. Protistk., vol. 3, 1903, p. 263, fig. 106 (in text).

Description.—Test made up of a dichotomously branching tubular
chamber, of nearly even diameter, wall of firmly cemented sand
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F1GS. 11-12.—TWO SPECIMENS OF RHABDAMMINA IRREGULARIS. X 6,

grains, exterior rather rough, interior smoothly finished, ends of the

gubes serving as the apertures, color usually a yellowish- or reddish-
rown.
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Length, up to 37.5 mm.

Distribution.—In the Albatross material from the west coast of
Mexico and Central America this species forms what may be called
“Rhabdammina bottom,” being the most common constituent of
the bottom in several places. In the material reported upon by
Goés, 1t occurred at Albatross station D3392, in 1,270 fathoms off
Panama, making up the mass of the dredged material. It also
occurred 1n 995 fathoms at station D3431, at the entrance to the
Gulf of California, in great quantity. These stations give all that
1s known of 1ts distribution 1n the North Pacific, as 1t has not been
noted in any of the other dredged material. At these stations
Rhabdammaina abyssorum seems to be lacking.

- Throughout the mass of the material few specimens were found
which in any way suggested completeness of the test. Where there
1s a long unbranched portion at the base it 1s usually somewhat curved.
That there may be more than the two branches is shown by the
figcures given here. Just what the completed specimens are can not
be definitely stated with the material at hand, but a considerable
size 1s surely indicated. There seems to be a point of weakness just
above the region of forking, and the great majority of specimens are
broken at that point, as shown'in the figure.

RHABDAMMINA DISCRETA H. B. Brady.

Rhabdopleura, species, G. M. Dawson, Can. Nat., vol. 5, 1870, p. 177, fig. 7.

Rhabdopleura abyssorum G. M. Dawsox, Amer. Journ. Sci., vol. 1, 1871, p. 206
fie. 7; Ann. Mag. Nat. Hist., ser. 4, vol. 7, 1871, p. 86, fig. 7.

Rhabdammina discreta H. B. Brapy, Quart. Journ. Micr. Sci., vol. 21, 1881, p. 48;
Rep. Voy. Challenger, Zoology, vol. 9, 1884, p. 268, pl. 22, figs. 11-13.—CHAP-
MAN, Proc. Zool. Soc. London, 1895, p. 14.—GoEs, Bull. Mus. Comp. Zodl.,
vol. 29, 1896, p. 21, pl. 1, figs. 13, 14.—FLinT, Rep. U. S. Nat. Mus., 1897,
(1899), p. 271, pl. 13.—EmMER and FI1cKERT, Zeitschr. wiss, Zool., vol. 65, 1899,
p. 668.—RHUMBLER, Arch. Protistk., vol. 3, 1903, p. 263, fig. 105 (in text).—
Baca, Proc. U. S. Nat. Mus., vol. 34, 1908, p. 125.

Descrption.—Test cylindrical, straight or nearly so, irregularly
constricted at intervals, with the effect of divisions exteriorly but no
corresponding walls within, open ends of the tube serving as apertures;
wall rather thin, firmly cemented of angular sand grains, roughish
on the exterior, but smoothly finished on the interior except at the
constrictions, where there.are various angles and irregularities; color
varying with the material used in the construction of the wall.

Length indefinite, up to 25 mm.

Distribution.—Rhabdammina discreta has been found at six widely
separated stations in the North Pacific. In the eastern portion it
occurs at Albatross station D3419, in 772 fathoms, off the coast of
Mexico in the material examined by Goés. Brady records its occur-
rence at one Challenger station in the western Pacific, west of the
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Ladrone Islands, in 2,475 fathoms. The Albatross obtained this
species at two stations in the 1906 cruise—D4979, in 943 fathoms,
south of Honshu Island, Japan, and D5026, in 119
fathoms in the Okhotsk Se