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DISTRIBUTION OF LIVING PLANKTONIC FORAMINIFERA
IN THE NORTHEASTERN PACIFICl

A. BARRErr S1'>IITH
University of Washington, Seattle, Washington

Alll'\TRACT
The planktonic furumlnlft-rn ('olleeled in 176 tows in 11l(>

northeastern Pacific O(~un W~I"t.' Hlll.lied. or the eight f4J)(>.

des identified. the four moRt (!onUI10n wpre Globlsrt>rinu
bullold.... H. IIII ..h~·d.nn.. , OrbllllllD 1I111,..rHn Dud mobi­
I:t"rina f'g'Kerl. l....aximum ('ollt'entt'lltions occurred aho\'e Ow
Ulobi~erjml-I'jch Redlnwn!" un the K()'n tloul". ':":0 direct eOl'·

relation between J)h''"I''I('nl \'ariahl~H and the distribution of

the roramlnifel'ul J)(J1JUlation WUM ohRer\'ed. "h~ IJOHHlhlp

vertical stratlficatlun of Hl"\'el'al HJ)t~des it; discussed.

INTRODUCTION
In the early eighteen hundreds, d'Orbigny (1826)

was engaged in a taxonomic study of the planktonic
Foraminifera. This pioneer work was folIowed by that
of Brady (1884), who studied specimens of the group
which had been collected during the ChalIenger expe­
dition. His samples were obtained from net tows in
the surface water as well as from dredgings and sound­
ings in the sediments on the sea Aoor. The majority of
his tows were collected in the upper 91 meters of water
and represent the first world-wide study of the group.
This work was followed by Murray's (1895, 1897)
investigations of the same colIections.

After this fine beginning considerable time passed
before other valuable contributions were made. Schon
(1935) studied low latitude forms taken during the
Deutsche Atlantische Expedition and was able [(J infer
climatic changes on the basis of faunal changes in the
stratigraphic sequence within the cores. He also had
samples of living organisms From tows and found that
the largest concentrations were in the upper \Oll
meters. Phleger (1951) studied planktonic foraminiF­
era from material in net tows and bottom sediments
taken from the GulF of Mexico. Phleger, Parker an,1
Peirson (1953) defined the geographic distribution of
planktonic species colIected from the Atlantic and con­
sidered the limiting factors to be temperature and
salinity. As Phleger pointed out, the fauna occurring
in bottom samples did not necessarily live in water
directly above the sample position and intel1Jretations
may be misleading unless the distribution and move­
ments of water masses are taken into account. How­
ever, planktonic foraminifera From the sediments have
frequently been used in interpreting Recent and paleo­
environments before a true understanding of their
ecology has been acquired.

Foraminifera, when entombed in ancient sediments,
are frequently used as stratigraphic guides. Such studies
have been carried out in the belieF that planktonic
1 Contrihutlon No. ::!55 of lhe IlelUlrlnwnt or Oeeul1of,:'"rn-

J)h,,-. rni\'ersil)" of "-RNhlnJ.:'loll.

foraminifera are subject to wide and relatively rapid
dispersal by ocean currents. A number of papers based
upon such an assumption have been IJublished. In view
of this trend of using planktonic Foraminifera as tools
fnr IJaleoecology and stratigraphy, it is alarming to see
how little is known concerning the ecology and phyl­
ogeny of living forms. The work of Be (1959, 1960a),
Bradshaw (1959) and Parker (1960) are among the
first attempts at complete ecologic studies. The ap­
proach in this paper is similar; however, the study
area is more restricted.

The area in question lies between 39 0 and 51 0 N.
Lat. and the west coast of North America and 141 0 W.
Long. It is within the scope of this paper to: (1)
determine the species of planktonic foraminiFera pres­
ent; (2) delimit their geographical distribution and
abundance; (3) consider that distribution in terms of
chemical and physical data; and (4) outline the verti­
cal distribution of the organisms.

METHODS
One hundred and seventy-six plankton samples were

examined. These were obtained by the University of
Washington's Department of Oceanography research
ship, the M. V. BROWN BEAR, during seven cruises
in the northeast Pacific Ocean from 1956 to 1958. Col­
lections were made with either a Clarke-Bumpus sam­
pler (Clarke and Bumpus, 1950) using a nylon net
with 74 meshes per inch and an aperture size of ll.239
mm. or with a halF-meter net of the same mesh size.
The plankton was preserved in glass jars containing
Formalin neutralized with borax. During this investi­
gation many of the samples were tested for acidity and
Found to have a pH of approximately 6. However,
most of these contained numerous well preserved fo­
raminifera, and it is believed that Few specimens were
lost due to dissolution. In a few instances, hardened
globular masses of protoplasm resembling GJobigeril/Q
in form were found in the samples. In some cases,
broken foraminiferal tests contained these bodies. It is
believed that occasionalIy the test dissolves leaving
this evidence of its existence. GeneralIy, these masses
were found in samples containing no tests and were
seldom Found where tests were numerous. Conse­
qucntly, their presence, noted in scven samples, was
taken as an indication of solution.

On BROWN BEAR cruise 144, two Clarke-Bumpus
samplers were spaced on the wire so that the lower
sampler fished from 400 to 200 meters while the upper
one fished from ZOO meters to the surface. Both sam-

Reprinted from CONTRIBUTIONS FROM TilE CUSIIMAN FOUNllA1"ON FOR FORAl\IINIFERAL RESEARCII
Volume XIV, Part 1, January, 1%3

Printed by Dorr's Print Shop. Bridll:ewnter. Massachusetts. U. S. A.



2 S~II'I'H-LI\'IXG PLAXKTOX)(" "'OIt"~IIXJIo·Ji.:n". X. K PACIFIC

piers were lowered closed. At depth they were opeaed
by messen~er. After bein~ opened, they were returned
while the ship was movin~ at slow speed. When the
upper sampler surfaced, both devices were closed by
messenger. Kght single Clarke-Bumpus stations were
taken at varying depths and at one station 20 s'lInples
were taken from five separate hauls. During each haul,
four samplers were lowered so that they fished at ISO.
100, 50 meters and the surface.

On the other six cruises both Clarke-Bumpus and
half-meter tows were taken. The material was col­
lected from various depths to the surface. All Clarke­
Bumpus tows were oblique while the hair-meter hauls
were vertical, except for surface hauls.

All of the plankton samples were sorted by h'lI1d
under a binocular microscope. A small portion of the
sample was removed from the whole with a syringe
and placed in a petri dish. All foraminifera were then
removed with a camel's hair brush and placed on
microscope slides to be mounted with gum tragacanth.
This was repeated until the entire sample had been
sorted. Thus, the total number of foraminifera in each
sample was recorded. As the Clarke-Bumpus sampler
records the approximate volume of water filtered, it
was possible to determine the number Ilf organisms
present in a cubic meter of water. As there is some
controversy concerning whether a h,tlf-meter net fishes
while being lowered, figures for water filtered by this
device are not included.

SYSTEMATICS
The nomenclature of Parker (1958) is followed. The

synonomies are not complete, but include the original
reference and a few papers of immediate interest. To
simplify comparison with the works of others, the
author has included some views concerning his con­
cept of those species present. These remarks are not
intended to be taken as taxonomic descriptions. Sev­
eral species are represented by figures of more than
one specimen, one considered to be typical, the others
common variants. The figured specimens arc deposited
in the Museum of Paleontology at the University of
Washington, Seattle.

Family GLOBIGERINIDAE Carpcnter
Globigerina blllloidcs d'Orbigny

Plate 1, figures 1-4

Globigerina buUoides D'ORBIGNY, 1826, Ann. Sci. Nat.,
vol. 7, p. 277, no. 1; Modelcs, no. 76; and young,
no. 17.

Globigerina bill/aides d'Orbigny-BANI'\ER and Bww.
1960, Contr. Cushman Found. Foram. Research.
vol. XI, pt. 1, pp. 3-4, pI. 1, figs. 1,2,4.

Remarks.-The typical G. blllloides hOls 4 chambers
in the final whorl with a large umbilical aperture
opening into all chambers (pI. I, figs. 1-2>. Occasion­
ally a specimen with five chambers is found (pI. I, fig.
3). Rather compressed forms are not uncommon. In
these, the aperture opens into the final chamber and

hecomes crescent shaped. The shape of the entire test
becomes more triangular than the typical form and the
chOlm bers a re less globula r (1'1. I, fig. 4).

Globigcrina bradyi Wiesner

Plate 2, figures 24-25

G/obigerilla sp., BRAI>Y, 1884, Rept. Vny. Challenger,
Zool., vol. 9, p. 603, pI. 82, figs. 8-9.

Globigerilla brad)'i WIESNmt, 1931, "Die Foraminiferen
der deutschen Sudpolar-Expedition 1901-1903" (in
Drygalski "Deutsche Sud-Polar Expedition 1901­
1903") de Gruytcr, Berlin u. Leipzig, Bd. 20
(1.001. Bd. 12), p. 133, (no figure).

Globigerinoides minuta NATI.ANl>, 1938, Bull. Scripps
Inst. Oceanography, Tech. Ser. vol. 4, no. 5, p.
150, pI. 7, figs. 2-3.

Globigerina bradyi Wiesner-BoLu, 1957, U. S. Natl.
Mus., Bull. 215, pp. 110-111, pI. 23, figs. 5 a-c.

G/f)bigerinfl bradyi Wiesner-BANNER and BLOW, 1960,
Contr. Cushman Found. Foram. Research, vol.
XI, pt. 1, pp. 5-6, pI. 3, figs. 1-2.

Remarks.-The specimens found during this study
~Igree, with little variation, with the description of the
lectotype designated by Banner and Blow. The only
difference being that those from the northeastern
Pacific are slightly shorter than that figured for the
lectotype.

Globigerina eggeri Rhumbler

Plate 1, figures 8-11

Globigerina dubia. Egger-BRAI)Y, 1879, Quart. Jour.
l\'licr. Sci., vol. 19, (n.s.) p. 285.

Globigerina eggeri Rhumbler, 1901, ill BRANDT, Nord­
isches Plankton, Lief. I, Nr. 14, pp. 19-20, text­
figs. 20 a-c.

Clobigerilla eggeri Rhumbler-BAI'\NER and BLOW,
1960, Contr. Cushman Found. Foram. Research,
Vol. XI, pt. I, pp. 11-12, pI. 2, fig. 4.

Remarks.-This is a high-spired form usually with
five chambers in the final whorl. I nfrequently this
whorl has six chambers. The aperture is wide and
leads from the final chamber into the umbilicus. Fre­
quently, the interior of the earlier chambers may be
seen. The test is nearly circuhlr in outline. The sur­
face shows a rough texture with large pores. The
chambers, which taper axially, closely resemble the
segments of a peeled orange.

Globigcrina pachydcrma (Ehrcnbcrg)

Plate 2, figures 15-18

Aristerospira packyderma EURENBER(;, 1861, Monats.
k. preuss. Ak. Wiss. Berlin, p. 303; 1872 (1873),
Abhandl. Ak. k. Wiss. Berlin, pI. 1, fig. 4.

Clobigerina pachyderma (Ehrenberg)-PARKER, 1958,
Repts. Swedish Deep-Sea Exped., vol. VIII, no. 4.
p. 278, pI. 5, fig. 9.

Clobigerina pachyderma (Ehrenberg) -Br., 1960, Contr.
Cushman Found. Foram. Research, vol. XI, pt. 2,
pp. 64-68, text-fig. 1.
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RemarkJ.-The test is typica\ly square in oudine,
very low spired with four chambers in the final whorl.
The wa\ls are thick and crysta\line. The aperture is a
narrow slit which runs from the umbilicus toward the
periphery of the test, parallel to the suture separating
the first and final chambers in the last whorl, (figs. 16­
17>' Generally, a well-defined lip is present. Often a
fifth chamber wilI be seen in various stages of devel­
opment, (figs. 15 and 18). This appears to be derived
from the lip and often takes the appearance of a porch
over the umbilical area. Commonly a rather triangu­
lar form is found that closely resembles the com­
pressed variety of G. bul/oideJ. A prom'nent lip, it

smalIer aperture which is more slit-like, and less glob­
ular chambers distinguish it from that species.

Globigerina quinqueloba Natland
Plate 1, figlln.'s 5·7

Globigerilla quillqueloba NATl.AND, 1938, Bu\l. Scripps
Inst. Oceanography, Tech. Ser. vol. -t, no. 5. pp.
I-t9-150, pI. 6, fig. 7a-c.

Remal'kJ.-The only variation from the type de·
scribed by Natland is that frequently the lip over the
aperture is absent, having been either broken or not
developed. Young animals are difficult to separate from
young G. eggeri,

Globigerinita glutinata (Egger)
Plate 2, figures 26·28

Globigerilla gilltillata EGGER, 1893, Abhandl. K. hay.
Akad. Wiss. Miinchen, CI, 11, vol. 18, p. 317, pI.
13, figs. 19-21.-RHUMBLER, 1911, Ergeb. Plank­
ton-Exped. Humboldt Stift., vol. 3, p. 148, pI. 29,
figs. 14-26; pI. 33, fig. 20; pI. 3-t, fig. 1.

Globige';'lIita gllllillata (Egger)-PHLECER, PARKt:R
and PEtRSON, 1953, Repts. Swedish Deep-Sea l':x­
ped., vol. VII, no. 1, p. 16, pI. 2, figs. 12-15.

Rel1wrkJ.-There are genera\ly four spherical cham­
bers in the final whorl. These enlarge rapidly with a
final chamber that is much larger than the others. Fre­
quently there will be but three chambers in the last
whorl. In the material studied, few specimens had
supplementary apertures. The primary aperture is a
crescentic slit adjoining the umbilicus. Some forms
closely resemble the more compressed form of G/ob;­
gerina bulloideJ but may be distinguished from that
species by the more rapidly expanding chambers, an
aperture that is restricted to the final chamber, and a
much smoother texture.

Orbulina universa d'Orbigny
Plate 2, figures 19·20

Orbulilla IwiveTJa d'Orbigny, 1839, ill DE LA SACRA,
Hist. Phys. Pol. Nat. Cuba, "Foraminiferes," p. 3,
pI. 1, fig. I.

Orbulilla 1/.uiveTJa d'Orbigny-Bl.Ow, 1956, Micfll(lal­
contology, vol. 2, no. 1, pp. 57-70, text-figs. 1-4.

Orbuli/la U/liverm d'OrbignY-PARKER, 1958, Repts.
Swedish Deep-Sea Exped., vol. VIII, no. 4, p. 280,
pI. 6, fig. 13.

RemarkJ.-Genera\ly, single-chambered forms were
found. However, several multilobate forms were col­
lected (fig. 20). The author follows Parker (1958) in
referring bnth forms to a single species.

Family GLOBOROTALIIDAE
Globorotalia scitula (Brady)

Plate 2, figures 22·23
PlIlvillulilla Jei/lIla BRADY, 1882, Proc. Roy. Soc. Edin­

burgh, vol. 11, p. 716.
PlIlvilllllilla palagouica BRAIIY, 1884 (not ROlaUna

patagollica, d'Orbigny, 1839), Rept. Voy. Challen­
ger, Zool., vol. 9, p. 693, pI. 103, fig. 7.

Globorotalia Jei/llla (Brady)-CusHMAN, 1927, Bull.
Scripps Inst. Oceanography, Tech. Ser., vol. 1, no.
10, p. 175.

Globoro/alia "il1lla (Brady)-CusHMAN, 1931, Bull.
U. S. Natl. Mus. 10-!, pt. 8, pp. 100-101, pI. 17,
figs. 5 a-c.

RemarkJ.-The few specimens of this, the only spe­
cies of G/oboro/alia found, agree closely with the orig­
inal description.

JUVENILE AND MORPHOLOGIC
INTERGRADES OF GLOBIGERINA

As Be (1959, p. 83) has pointed out, "(I) there is
an overlapping range of morphologic variation in adult
individuals of some closely related species (infra- or
interspecific variation), which results in intergradation
between forms that have been established as separate
species, (2) there is morphologic similarity among
juveniles of many different species, (3) there is lack
of agreement as to the relative significance of observ­
able characters."

In the case of juveniles, this author has found it im­
possible to differentiate forms which are smaller than
about 50 microns. Some of those that closely resemble
one another, when juvenile, are: Globigerina bulloideJ
and Globigerilli/a gllllillata, compressed Globigerina
blllloideJ and G. pachyderma, larger G. pfUhyde1'11Ia
and G. eggeri, smaller G. eggeri and G. q1lillqueloba.

The similarity between the forms of G. puhyder11la
which have a long slit aperture and more distinct su­
tures than the typical forms and young stages of G.
eggeri which have not developed the final chambers in
the last whorl make separation difficult. These are
grouped together as the morphologic intergrade Globi­
geri'lQ pachyder11la-eggeri and are figured (pI. 1, figs.
12-14, pI. 2, fig. 21).

It is doubtful that problems concerning morpho­
logic imergradation in the Globigerinidae can be accu­
rately swdied until living animals are collected and
observed through various stages of development.

AREAL DISTRIBUTION
One hundred and fifty-six of the one hundred and

seventy-six sOlmples were considered for the study of
geographical distribution. The remaining 20 arc dis­
cussed under vertical distribution. Thirty-three of the
former were ta ken from -tOO to 2(J() meters. The others
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were taken from various depths, generally near 200
meters, to the surface. Text fi~ure 1 shows the loca­
tions of all stations.

The patchiness of the plankton has been mentioned
repeatedly by earlier workers (Phleger, 1951, King and
Demond, 1953). The latter, in their study of the zoo­
plankton of the central Pacific, found an extremely
erratic distribution of planktonic foraminifera. These
organisms were found to constitute as much as 60 per­
cent of the total plankton at one station while at
others, they were absent. In the current study, forami­
nifera were collected in only 65 of the 156 samples.
Such extreme fluctuations between stations makes it
difficult to define the ~e()graphical boundaries of these
organisms. A great many samples are necessary be­
fore one can have any confidence that the s:lInpling
is not selective.

The close agreement between the area where forami­
nifera are found in the surface waters and the Globi­
geri"a-rich sediments described by Na)'udu 11959)
may he seen in text figure 2. The three tows having
the greatest number of foraminifera per cubic meter
of water filtered are directly above this zone. How­
ever, it should be noted that two stations within this
area did not yield foraminifera. The lack of forami­
nifera seaward of the area of maximum numbers may
be a reflection of the patchiness of the plankton rather
than a definite geographical restriction of the organ­
isms. This agreement between the area of maximum
numbers in the plankton and the Clobigerilla-rich sedi­
ments is to some degree surprising. The fact that
planktonic foraminifera are subject to wide dispersal
by surface currents would seem to require that living
populations he offset from the zone of occurrence on
the bottom since they would be subject to transport
after death. However, Murray (897) and Schott
( 1935) found evidence that transport was slight after
death and that the animals were deposited close to
where they lived. This appears to be true in this case.
However, future sampling seaward of the area of maxi­
mum numbers might reveal large populations of plank­
tonic foraminifera which could be carried coastward.

Coastward of the Clobiger;1Ia-rich sediments, mod­
erate sized populations of foraminifera were collected
in the plankton. Here, planktonic foraminifera consti­
tuted a small proportion of the sediment. This appar­
ent discrepancy with the material collected from the
sediment may be explained quite simply. Near the
coast, terrigenous sediments comprise a large percent­
age of the surface sediments while seaward of the slope
their presence is negligible. For a sediment to he con­
sidered Clobigeri"d-rich, foraminifera must make up
30 percent or more of the volume. Nearshore the
foraminiferal population is masked by the terrij,tenous
components.

Many workers studying the sediments in other areas
have noteo that the percentage of planktonic forami­
nifera increases seaward (Bandy, 1960. No evidence

of a similar trend in the living plankton could be found
during this investigation. Other than above the Clo­
b;ger;"a-rich sediments, the location of larger popula­
tions seems to he random. Enbysk 11960] in her
study of the foraminifera from the sediments in the
same area was unable to find any seaward trends
that were not related to topography or other factors
of sedimentation.

Temperature, salinity. dissolved oxygen, and inor­
ganic phosphate concentrations were determined at a
depth of 50 meters in an attempt to correlate the oc­
currence of planktonic foraminifera with these varia­
bles. This depth was selected for three reasons. The
vertical study showed that foraminifera were most
abundant at this depth. Secondly, the physical en­
vironment at depth is more stahle than at the surface
and thus provides a better index for correlation. Fi­
nally, a preliminary study indicated a closer correla­
tion with the organisms and the physical environment
at 50 meters. The physical data were obtained from
samples taken at the time the plankton samples were
collected. Charts for the average temperature, salinity,
dissolved oXyj,ten and inorganic phosphate concentra­
tions at 50 meters, compiled by the editors of the
NOR PAC Atlas (1960), are shown (text figs. 3-6).

Temperature and Salinity

Temperatures within the area studied varied between
about 6° and 16°C. at 50 meters. The majority of
readings were between 7° and 1O.5°C. Salinity ranged
from 31.H to 33.75 parts per thousand, the majority
being between 32.20 and 33.20 P~lrts per thousand.

Text figure 7 shows the temperature and salinity at
all stations where these data were collected. The tows
were divided into two groups, those containing fewer
than five foraminifera and those capturing more than
five. The relationship between these two groups and
temperature and salinity is similar. Thus, it may be
seen that no correlation between these factors and the
distribution of foraminifera is evident.

Dissolved Oxygen and Inorganic Phosphate

The range in dissolved oxygen concentrations is be­
tween 0.117 and 0.652 mg-at/l. However, the majority
of samples showed concentrations of 0.400 to 0.650
mg-at/1. All but four stations where foraminifera were
collected in numbers greater than five organisms per
haul showed a dissolved oxygen concentration that was
greater than 0.500. Text figure 8 shows the relation­
ship between the two groups of tows and dissolved
oxygen and inorganic phosphate concentrations at 50
meters.

Inorganic phosphate concentrations range between
about 0.50 an<1 2.70 J-lg-at/l. The majority were from
0.50 to :lbout 1.70 J-lg-at/1. Foraminifera were found
in waters with concentrations greater than 1.30 at five
stations; none were found in waters where the concen­
trations were less than 0.67 ~tg-at/1.
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TEXT FIGURES 3·(,
Sea temperatures, salinities, dissolved uxygen, and inorl(anic phos­
phate cuncentratiOl's at 50 meters (after NORPAC Atlas, 1960).
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Abundance of planktonic foraminifera as related to temperature and salinity at 50 meters.
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0 16.10 32.73 0.529 0.62
10 16.0B 32.72 0.528 0.67
20 16.116 32.72 0.530 0.57
30 14.90 32.74 0.554 0.58
50 10.74 32.78 0.599 0.91
75 6.74 32.79 0.605 1.09

llJO 6.42 32.81 0.583 1.20
150 5.56 33.16 0.535 1.62
21K) 5.89 33.80 0.360 2.06

"ertical stratificatilln in the upper 150 meters or water.
The procedure was explained carlier. Casts were taken
at two-hour inrervals commencing at midnight and
continuing until lUX) a.m. In the three night tows,
animals were collected in all samples eXCept the two
earliest ones at 50 meters. The midnight sample at
150 meters was d:scanled due to a malfuncrion of the
sampling device. Table 1 shows the pbysical data
cllllected from the surface to 21X) meters for this sta­
tion. These were collected about two hours before the
first haul.

TABI.I; I
Physical dara for 144-44 vertical station

Only the 50-meter samples of the daylight tows con­
rained foraminifera. Over one hundred organisms werc
collected at 06<K), while 569 organisms were collected
at 0800. This suggests a vertical migration from the
surface to abour 50 meters with the coming of light.
A secondary migration from deeper waters upwards
may also take place. The data obtained from the 20
samples (table 2) show that, on the average, concen­
trations at 50 meters were 1.3 times those at the sur­
face, 3.5 times those at llJO mcters, and 12.5 times
grearcr than those from 150 meters. These averages
disregard rhe time of day during which the material
was collected.

Globigerilld. bradyi and G. qui1lqueloba were not
collected below 50 meters. Globigerillita gllllillata WilS
rare at 100 meters and abscnt from the 150-meter sam­
ples, but at 50 meters it comprised 17.3, 26.6 and 27.1
percent of the total samples and was present in four
surface tows. Thus, these three species appear to be
restricted, with minor exceptions, to the upper 50
meters.

The morphologic intergrade Globigerilla pachyder1lla­
L'ggeri was most abundant at the surface, making up
over 47 percent of the total in all but one sample. It
was present, in smaller numbers, throughout the 150

SPECIES DISTRIBUTION

The areal distributions of the eight species, Globi­
gerilla bulloides. G. bradyi. G. eggeri. G. pachyderma,
G. quillquelaba. Globigerillila glulillala. Orbulilla 111li­

versa. and Globarolalia scilula are basically similar.
Globigerilla bulloides exhibits the most widespread dis­
tribution, being found throughout the area where the
organisms were present. Globigerilli/a glu/iuala shows
the most restricted distribution, being found only in a
narrow band extending from the northern edRe of the
area of maximum numbers to the coast. The most
abundant species are Globigerilla bill/aides. G. pachy­
derma. Orbulilla tmiversa, and Globigerilla eggeri. in
that order.

The fact that the area under study is small and the
I)hysical factors restricted in range makes it difficult to
determine which conditions limit the distribution of
the 1)lanktonic foraminifera. Text figure I) represents
the distribution of G. eggeri and that of G. bulloides
in relation to dissolved oxygen and inorganic phosphate
concentrations. The values for these variables at 50
meters, for all sm tions where these species were pres­
ent in numbers greater than five, are plotted. G. bul­
loides showed no restriction as regards these variables
other than those mentioned for the entire foraminif­
eral population. However, G. eggeri WilS found only
in wilters where dissolved oxygen concentrations were
greater than 0.590 mg-at/l and where inorganic phos­
phate concentrations ranged from 0.85 to 1.15 Itg-at/l.
This is by no means sufficient evidence to infer that G.
eggeri is restricted to such an environment but it does
suggest an area for further study. G. pachyderma and
Orbulina uJliversa (text fig. 10), show a restriction as
regards dissolved oxygen and inorganic phosphate con­
centration but not to the degree of G. eggeri. The
other species did not occur in sufficient numbers to

warrant plotting. None of the species show distribu­
tion patterns that can be correlated directly with
temperature and salinity.

Vertical Distribution

Only seven of 33 samples taken from 400 to 200
meters contained planktonic foraminifera. In these,
concentrations were never greater than 0.6 organisms
per cubic meter of water filtered. Of the eight species
identified from the area of study, only Globigerilla
bradyi and Globigerillita glu/illdta were absent from
the deeper rows. Fifty-eight of the 127 rows taken
ahove 200 meters contained fnraminifera.

The 20 samples collecred during the special vertical
sration were taken in an cffort to detennine possible

Depth Temperature
·C

Salinity
0/00

Dissolved Inorganic
Oxygen Phosphate
mg-at/l Itg-a tIl

.,.

I'IC;S.

1-4.
5-7.

8-1 I.
12-14.

EXPLANATION OF PLATE 1

G/obigerillO blll/oides d'Orbigny. I, X 56; 2, X 62; 3, X 54; 4, X 64.
Globigerilla quinqueloba Natland. 5, X 87; 6, X 1Il6; 7, X 152.
GlobigerilUZ eggeri Rhumbler. 8, X 55; 9, X 58; 10, X 52; II, X 62.
Morphologic intergrade Globigerilla pachydermo-rggeri. 12, X 74; 13, X 122: 14, X 125.

PAGE
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meters. G. pacllyderma was never abundant. The
largest numbers (7 and 8) were from 150-meter sam­
ples. Single specimens were found on two occasions at

the surface. Be (1960b, p. 67) pointed out that G.
pacltydemul, in arctic waters, does appear in ncar
surface waters but is significantly different morpholog­
ically from the typical form which is found on the
bottom. At the surface this species dosely resembles
small G. bulloides and/or G. eggeri. This is probably
the case in the northeastern Pacific. Many specimens
of the morphologic intergrade G. pac/'yderma-eggeri
may in reality be early st:lges of G. pac/'yderma and
typical forms of this species may exist only in deeper
waters. However, since G. blllloides and G. eggeri are
present in abundance at the surface, it is impossible to
differentiate between young specimens of these species
and early stages of G. pacllyderma.

Globigerina bll110ides and G. eggeri occurred through­
out the 150 meters, however few of either were col­
lected below 100 meters. G. egger;, by far the most
abundant species in this vertical study, was present
in the greatest numbers at 50 meters, making up over
60 percent of the total sample on three occasions. G.
bulloides was most abundant at the surface but never
made up more than 27.7 percent of the total sample.

Orbulilla lttliversa was found in one surface sample.
Single specimens were found in two samples at 50
meters. At 100 meters this species was present in
three samples in an abundance greater than 50 percent,
and at 150 meters it composed 64.8 and 37.5 percent
of the two samples at this depth in which foraminifera
were found. A possible explanation for this vertical
stratification may be found in the work of Le Calvez
(1936). He found that Globigerina-like chambers in­
side the spherical test of O. Il"iversa dissolve during
the formation of gametes. A study of the vertical dis­
tribution of specimens taken from plankton tows indi­
cated a strong correlation between the amount of de­
struction and depth. At 50 meters the Globigerina­
like bodies are displaced from the central position
which they occupy while at the surface. At 100 meters
they are nearly dissolved and only yellow protoplasm
remains in the test. At 300 meters the test is com­
pletely empty.

Fifty specimens were broken open during this inves­
tigation. Those collected above 50 meters contained
poorly preserved Globigeritla-like bodies. Those from
100 and 150 meters contained only hardened proto­
plasm. It is likely that a population which was in the

process of producing gametes was sampled and that
the organisms were in that stage of development where
they were concentrated between 100 and 150 meters.

SUMMARY

The distribution of planktonic foraminifera in this
area of the northeastern Pacific is extremely patchy;
concentrations ranged from nil to 96.8 orl{anisms per
cubic meter of wHter filtered. The area of maximum
concentration is directly above the area of Globigeritlo­
rich sediments about 350 miles off the coast of Wash­
ington and Oregon. No foraminifera were collected
seawa rd of 13 7° W. Long.

No direct correlation between temperature, salinity,
dissolved oxygen, ur inorganic phosphate concentra­
tions and the distribution of the foraminiferal popula­
tion was observed.

Globigerilla eggeri showed the closest correlation
with the physical factors, being limited to an area
where the inorganic phosphate concentrations were
between 0.85 and 1.15 Jlg-at/l and dissolved oxygen
cuncentrations were between 0.590 and 0.650 mg-at/l.

Foraminifera were rare below 200 meters and most
abundant within the upper 100 meters.

Globigerillita gill/illata, Globigerilla bradyi and G.
quinqueloba appear to be restricted to the upper 50
meters.

G. paclzyderma was most abundant at 150 meters.
However, the morphologic intergrade G. paclzyderma­
eggeri was most abundant at the surface. It is believed
that juvenile forms of G. pachyderma are present at
the surface but Hre indistinguishable from small G.
blll/oides and G. eggeri.

The vertical stratification of O,blllillatmiverso at
100 and 150 meters is, possibly, related to the produc­
tion of gametes.

With the coming of light, diurnal vertical migration
from the surface to about 50 meters was observed.
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15-18.
19,20.

21.
22,23.
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EXPLANATION OF PLATE 2
PAGE

Globigerilla pacllyderma (Ehrenberg). 15, X 82; 16, X 78; 17, X 85; 18, X 102. 2
OrbuHtla 1l11iversa d'Orbigny. 19, X 49; 20, X 58. 3
Morphologic intergrade GiobigeritlQ pacllyder11la-eggeri. 21, X 62. . :3
Globorotalia sci/ula (Brady). 22, X 74; 23, X 64............................... :3
Globigerina bradyi Wiesner. 24, X 160; 25, X 174. 2
Globigerhlita giutinata (Egger). 26, X 85; 27, X 98: 28, X 86. .........................................:3
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TABLE 2
Data from the vertical hauls where five casts using four Clarke-Bumpus samplers simultaneously were mad::.
showing the vertical distribution of the species collected (p-e = morphologic intergrade Globiger;,w pachy­

derma - eggeri. G. = Globigerina)

Station 144-44

Time

Haul

(Xl20
to

0042

0214
to

0238

2

04-34
to

0455

3

0614
to

0635

4

0815
to

0835

5
~---~

Depth 15.571 17.883 13.926 14380 16.039 ma Water Filtered
._---~ --

(m) 155 166 219 0 16· Total Population

No. ~/~ No. % No. % No. 0/ No. 0/
'0 ,Ie

84 54.1 100 60.2 103 47.0 0 () () n GlnbigeriPia p-e
4-3 27.7 4-2 25.3 29 13.2 0 0 0 0 G. buUoides

6 3.8 13 7.8 56 25.5 0 () 0 0 G. eggeri
0 2 1.2 0 0 0 () 0 0 () 0 Orbulina ulliversa

1 .6 () 0 I .4 0 0 0 0 Globigerilla pachyderma
12 7.7 7 4.2 13 5.9 0 0 1 6.2 Globigerinita g/utinata
3 1.9 4 2.4 11 5.0 0 0 0 0 Globigerina bradyi
4 2.5 0 () 4 1.8 0 0 () 0 G. quinqueloba

Depth 11.555 14.091 14.302 11.068 10.104 m:i Water Filtered
---

(m) O· 0 75 114 569 Total Population
-------

No. % No. % No. % No. % No. %
0 0 0 0 2 2.6 0 0 70 12.3 G. p-e
0 0 0 0 2 2.6 0 0 18 3.1 G. bu/loides
0 0 0 0 4-7 62.6 81 71.0 344 60A G. eggeri

50 0 0 0 0 0 0 1 .8 I .1 Orbulina universa
0 0 0 0 20 26.6 31 27.1 99 173 Gl()big~rittita glutinata
0 0 0 0 I 1.3 0 0 3 .5 Globigerina bradyi
0 0 0 0 3 4.0 0 0 34 5.9 G. quinqueloba

-
Depth 17.640 19.697 17.270 13.097 16.438 ma Water Filtered

(m) 54 124 36 0 o· Total Population

No. 01 No. % No. % No. 0/ No. %/0 /0

0 0 12 9.6 0 0 0 0 0 0 G. p-e
I 1.8 26 20.9 5 13.8 0 0 () 0 G. bulloides

100 20 37.0 19 15.3 7 19.4 0 0 0 0 G. eggeri
27 50.0 65 52.4 24 66.6 0 0 0 0 Orbulina uPliversa
3 5.5 2 1.6 0 0 0 0 0 0 Globigerinita glutinata

Depth .058 18.394 18.769 11.862 13.612 Ill:l Water Filtered

(m) 0 37 24 0 0 Total Population

No. % No. % No. % No. % No. %
0 0 1 2.7 1 4.1 0 0 0 0 Glnbigerina p-e
0 0 4 10.8 1 4.1 0 0 0 0 G. bulloides

150 0 0 0 0 5 20.8 0 0 () 0 G. eggeri
() 0 24 64.8 9 37.5 0 0 () 0 Orbulina un;versa
0 0 7 18.9 8 33,3 () () () () Globigerina pachyderma

.- ~- - ----
• P05siblc Solution
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