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ABSTRACT
THE DISTRIBUTION OF PLANKTONIC

FORAMINIFERA IN THE NORTHWEST GULF
OF MEXICO

By

William Norton Orr

Populations of twenty-two species of recent planktonic
Foraminifera were studied from sediments in the northwest Gulf
of Mexico, The distribution of the species and variants of the
species in the marine sediments were found to be closely related
to the relative abundance, life cycle, and depth preference of living
populations, Many of the distribution patterns of variants of species
particularly those with secondarily calcified tests are remarkably
well-defined and constant with respect to depth in the northwest
Gulf of Mexico. The distribution patterns of recent planktonics in
sediments which have been outlined in this study may be of use as
depth indices in fossil planktonic assemblages. Several planktonic
species and variants previously unreported from the Gulf of

Mexico are recorded with their distribution in the northwest Gulf,
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Introduction

It has been danonstr;ted by a number of authors (Be, 1960,
Jones, 1964, Bradshaw, 1959) that living planktonic Foraminifera
are imvariably vertically stratified to some degree in the bathy=
metric column, This vertical stratification of living specimens may
involve entire populations or infraspecific variant groups within
populations, Moreover, vertical stratification of species or variants
of the species may change rapidly in cycles as short as twelve hours
or in somewhat less ephemeral monthly or yearly cycles,

Kuthors (Phleger and Parker, 1951, Bandy, 1951) have also nétod
that the acounulations of empty tests of these organisms in marine
sediments change considerably in their compositional character in
traverses from shallow to deep water,

The purpose of the present study is two-fold: first to determine
what, if any, relationship exists between the distribution of
planktonic Foraminiferal tests in marine sediments and the vertiocal
stra.tificat:l:on of living specimens and, second, to establish whioch,
if any, of the distributiornal patterns of empty tests in marine
sediments mey be utilized to make retrospections relative to the
depth habitat and distribution of fossil populations,

In order to conduct this study, an area was selected in the
Gulf of Mexico with a high frequency of avalilable samples, a
relatively .simplo bottom topography, an an absence of known strong
subsurface ocurrents, It was expected that in such an area with a
minimum of extraneous operative variables the distribution patterns

of living specimens might emerge as the primary factor controlling
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the distribution patterns of the empty tests in the sediments., Prior
distribution studies of planktonic Foraminifera (Phleger and Parker,
1951, Parker, 1954) have been conducted in the Gulf of Mexico., These
studies differ from the presemt study in three respects. First, the
sample frequency of the present study was substantially higher than
previous studies, Second, the present study considers only the
planktonic Foraminifera while prior studies considered the benthonic
as well as the planktonic Foraminifera, And third, the present study
considers the distribution of infraspecific variants of species as
well as populations of planktonic species; whereas, prior workers
considered only population or interspecific distributionms,

Intraspecific characters tabulated in this study included speci-
men 8ize, wall thickness, color, incidence of spines and bullae,
coiling, chamber, and aperture variation and pore size, Many of these
intraspecific characters, when tabulated from specimens in the
sediments, show a close relationship to the bathymetry, temperature,
and salinity variations in the northwest Gulf as well as to the known
vertical distribution of living planktonics in the bathymetrio column,
Other intraspecific characters in the &bove group are apparently

random with respect to the physical or blological variables mentioned,



Previous Work

A great deal of descriptive work on the distribution of recent
planktonic Foraminifera has been done in the last seventy-five years,
Most of this work, however, has been on the areal distribution rather
than on the vertical distribution of these organisms,

Of the few papers which did deal with vertical distribution,
one of the earliest and most significant was that of Rhumbler, 1911,
in which he described a nocturnal/diurnal verticael migration of
pelagic Foraminiferal populations,

Loﬁman, 1920, considered the areal as well as vertical
distribution of pelagic Foraminifers in a study conducted in the
north and south Atlantic; He reéorted the highest percentages
of plankton from the upper one hundred meters of the bathymetric
column,

Schott, 1935, studied live plankton from the equatorial
Atlantic end reported high percentages of plankton in the wupper
water column similar to Lohman's findings, He also reported a
high concentration of plankton-at one thousand meters, Emiliani,
1954, chemically analyzed the tests of a number of planktonio
Foraminiferal species collected from sediments, Using isotope ratios
as a gulde to the temperature at which the tests were precipitated,
Emiliani suggested the probable depth habitat of a number of species
of planktonic Foraminifera,

Bé, 1959, 1960, has been and is conducting & thorough study
of the areal and vertical distribution of planktonic Foraminifera

from plankton hauls and marine sediments in the north and south
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Atlantic, In these studies he has noted some vertical stratificatian
of juvenile and adult populations and of certain variants of species,

Bradshaw, 1959, studied Foraminifera from plankton hauls in
the Pacific and reported a temperature preference by certain species
of planktonic Foraminifera. This temperature preference controls the
organism®s areal as well as vertical distribution,

Jones, 1965, studied live planktonics from the Caribbean area
anl was able to show temperature preference and vertical stratification
of populations similar to those of Bradshaw, 1959, In addition, Jones,
1965, has shown the vertical and areal distribution of planktonic
faunas to vary considerably over monthly and annual periods,

In summary, there is abundant evidence that planktonic faunas
are vertically stratified in the water column by species and in some
cases by variants of the species, This vertical stratification may
change over very short periods (diurnal/hocturnal migration), and the
faunal character of an area may-change considerably over an annual
period, The highest percentages of planktonic Foraminiferal faunas .
are to be found living in the upper one hundred meters of the water
column, While other physical and chemical variables will have an
effect on the di stribution of plankton, the organisms seem to be most
sensitive to temperature,

In the present study, many of these known distributions of live
organisms in the water column were found to correspond closely to the
distribution of the empty tests in the marine sediments, The living
distributions, which are not manifest in sediments, were found to be
those ephemeral distributions such as nocturnal/ﬁiurnal, vertical

distributions or monthly/annual fluctuations in the standing crop.
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Sample Preparation and Counting Procedure

One hundred and twenty-seven samples were used in the present
study (figure 2, page 7). These were obtained from the sample
libraries of a number of petroleum companies snd universities, All
samples are from the upper one half inch of the sample taken in a
Phleger-type coring device,

The samples were processed for counting by wet sieving through
a two hundred and fifty mesh screen (Tyler standard screen scale:
0.062 mm openings), dried, and randoﬁly split into five gram aliquots,
The plenktonic Foraminifera in the samples were tabulated by counting
the first two hundred specimens encountered in a random strew, When
less than two hundred specimens were presemt in a single sample,
all specimens in the sample of five grams were counted, For this
reason, areal distribution of species is plotted by percentage. The
only variation which was recorded for all twenty-two species was
size, Specimen size was measured in millimeters using an eyepilece
micrometer and recording only the maximum diameter for each specimen,
Because not every specimen in a random strew will lie flat enough to
measure the maximum diameter accurately, the measurements were
rounded off in the graphic presentation to the nearest tenth of a

millimeter,
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Physical Features of the Area of Study

The present study of recent planktonic Foraminifera was
conducted in a roughly triangular-shaped area in the northwest Gulf
of Mexico (figure 1, page 5). The area is bordered on the west and
north by the Texas coast and on the south and east by latitude 25° N
and longitude 94° W respectively., The arcuate coast line is
characterized by lagoons and of fshore barrier islands separated by
passes at the mouths of the major rivers., The continental shelf in
this area ranges in width from forty miles off Brownsville, Texas,
to one hundred miles off Galveston, Texas, with an average gradient
of two fathoms per mile. Topography of the continental shelf is smooth
with few irregularities of greater relief than fifty feet (figure 3,
page 9). No abrupt break in slope takes place between the comtinental
shelf and slope., The limit of the shelf has been placed at one hundred
fathoms where a gradual increase in gradient begins with a maximum
gradient on the slope of ten fathoms per mile, The comtinental slope
in this area ranges from sixty to one hundred miles in areal width.
The upper part of the slope is characterized by rugged topography
consisting of numerous high knolls and slled basins, many with
closures of over one thousand feet, In the lower portion of the
contiﬁontal slope between onse thousand fathoms and seventeen hundred
fathoms, the gradient increases abruptly to a maximum of one hundred
fathoms/mile, Below seventeen hundred fathoms the Sigsbee Deep extends
down twenty-two hundred fathoms and is characterized by gentle slopes
anl subdued relief,

The northwest Gulf of Mexico is an area of converging surface
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currents, Major marime surface currents in the Gulf are illustrated
in figure 4, page 1ll. Surface currents for the northwest Gulf are
presented in figure 5, page 12. From May through July surface currents
flow in a predominantly northerly direction, During the remainder of
the year currenmts flow predominantly in a westward direction., Surface
currents in the Gulf of Mexico (Leipper, 1953) originate from the
Yucatan Channel (figure 4, page'll). Upon passing through the Channel
and entering the Gulf the current divides in three directions: east
to the Florida Straits, north to the mouth of the Mississippi River,
and west across the Campeche Bank, The northward curremt toward the
Migsissippi River divides south of the Mississippi into east and

wost currents. The Campeche current follows the coast of Mexico north
and converges with the central current in the northwest Gulf of Mexico.
The net predominance of these individual converging currents changes,
as mentioned previously, from northward in the summer to westward in
the winter months, No information was available on subsurface
currents in the study area, Phleger and Parker, 1951, and Emiliani,
1954, have reported the temperature and salinity variation in the
northwest Gulf of Mexico (figure 6, page 13). The open ocean
temperature in the northwest Gulf above the upper boundary of the
main thermocline at seventy to one hundred and twenty-five meters
varies from sixty-six degrees Fahrenheit to seventy degress
Fahrenheit, Below the thermocline, little annual variation in
femperaturo fakes place. Open ocean temperature drops at en average
rate of five degrees Fahrenheit per three meters of depth to a
minimum of forty degrees Fahrenheit at eight hundred meters, Average

temperature of the surface water decreases shoreward from a maximm
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of seventy-five degrees Fahrenheit to a minimum of fifty-four degrees
Fahrenheit, Salinity of the offshore water in the northwest Gulf
averages thirty-six and twenty-five hundreds parts per thousand to
thirty-six and thirty-five hundreds parts per thousand. Variation

in the salinity of of fshore water in the uppermost one hundred and
fifty meters of water is limited with salinity increasing 4 ightly
with depth accompanied by an increase in temperature, Below one
hundred meters, salinity decreases to a minimum of less than
thirty-five parts per thousand at six hundred to eight hundred meters
(figure 6, page 13). Changes in temperature and salinity with depth
:-ln water masses ovérly‘lng the middle and upper contimental shelf are
far more abrupt than in offshore water masses, Salinity of the shelf
water masses increases with depth in some cdses as much as one part
per thousand per ten feet of depth, The temperature of shelf water
masses, on the other hand, is relatively constant in vertiocal
traverses but increases basi nward at an average of one degree
Fahrenheit with each succeeding ten miles from the shoreline up to

twenty-five miles,



Distribution of Planktonics in Marine Sediments

Part I: Interspecific distributions

Prior work on the distribution of species of planktonic
Foraminifera from sediments in the northwest Gulf of Mexico differs
only slightly in procedure from the presemt study. With respect to
interspecific distributions, this study serves to sharpen somewhat the
distribution patterns recarded by Phleger and Parker, 1951, Two
characteristics of planktonic faunas in sediments are the lack of
specimens in shallow water sediments and the basinward succession
of increased species diversity.

The low incidence of planktonics in coastal marine sediments
is well documented in fossil as well as recent assemblages, In the
northwest Gulf of Mexico planktonics are found in sediments from
depths greater than twenty-five to thirty meters. Even at thirty
meters the incidence of planktonic tests in sediments is extremely
low (figure 7, page 16)., The number of tests per unit weight of
sediment (five grams, unsieved, dry) inoreases gradually across
the continental shelf, then rapidly to a maximum of as high as
thirty thousand specimens on the lower comtinental slope in water
depths greater then fifteen hundred meters, The low numbervof
planktonics per unit weight of sediment on the continental shelf
may be attributed in part to the diluting effeoct of the active
sedimentation there (Curray, 1969), The primary factor, however,
is the well dooumented, low frequenocy of the living organisms in
the water masses overlying the continental shelf, Phleger, 1951,

has suggested that this low planktonio frequency in shelf water

15
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masses may be due to the physical end chemical differences

between these water masses and the open ocean water masses where

living planktonic Foraminifera reach their highest frequencies

(figure 7, page 16). As additional evidence for his analysis

?hleger, 1960, cites the high incidence of living planktonics in the

near coastal water masses off southern California where, because

of low runoff and a circulation factor, the near shore water masses

have the physical and chemical characteristics of open ocean water,
The second characteristic distribution pattern which has been

documented in studies is that of the basimward succession of increased

species diversity. Assemblages of planktonic Foraminifera from

successively deeper sediment samples in the northwest Gulf of Mexioco

display a fixed order of first appearance of the individual species

(figure 8B, page 18)., Although this successive basinward appearance

of planktbnic species has been recorded by a number of authors

(Phleger and Parker, 1951, Bandy, 1951, Polski, 1959, and Wilcoxon,

1964), considerable difference of opinion exists in the interpretation

of this phenomena, Phleger and Parker, 1951-1954, have interpreted

the succession as a function of the relative abundance of the

individual species with respect to the entire planktonic fauna,

Abundent species such as Globigerinoides ruber (D'Orbigny) and

Globigerina bulloides, D'Orbigny, would therefore be the only specipms

encountered in shallow water sediments where, for reasons previously
discussed, the planktonic fauna is poorly developed. Rare species, such

as Globigerinita glutinata, Bronniman, would not appear in sediments

except where the entire planktonic fauna is numerically well-developed
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in deep water,

Bandy, 1956, Polski, 1959, and Wilcoxon, 1964, have interpreted
the basinward succession as an expression of the vertical stratification
of living species in the water column, According to Bandy and others,
epipelagioc species should be found in shallow as well as deep sediments,
whereas mesopelagic and bathypelagic species would impinge on the
bathymetric profile and thus be found only in deeper sediments,

« In order to evaluate these two hypotheses, fourteen of the
specieé for which the depth habitat is known (Jones, 1§é4) are
11lustrated with the order of successive basimward ocourrence and
percent of the fauna for each species recorded in the present study
(figure 8, page 18). Using the depth habitat of species (figure 8 A)
and species' percemt (£igure 8 C) as potential models for the
#uccession (figure 8 B), it may bo seen that neither model corresponds
to the succession prodilely. A satisfactory explanation of the
succession of planktonics in sediments lies in a discussion of the

intraspecific variants (part II of this section),



Distribution of Planktonics
Part II: Intraspecific Distributions

Section 1: General Discussion

In order to interpret effectively the distribution patterns of
planktonics in sediments, it is necessary to tabulate the distribution
of variants of the species as well as the distribution of the species
as a whole, Intraspecific variations, which were counted and tabulated
in the course of this study, included specimen size, secondary
calcification, aberrant apertures and chambers, coiling, pore frequency
and size, incidence of spines and bullas, and coloration, Many of
these variations have been demonstrated by authors to be significant
with respect to the distribution and ecology of 1living specimens,

Some of the morphological characters which are significant in living
specimens were found to be reflected in planktonic populations from
sediments and may be of particular use in paleoecological studies,

Be, 1960, Bradshaw, 1969, Murray, 1895, and others have reported
a basinward increase in average specimen size in assemblages of
planktonics from sediments, BJ, 1960, hap reported further that
populations of live Foraminifera recovered from plankton hauls in the
Atlantic exhibit an inorease in average size with succeedingly greater
depth, He attributes the size increase in planktonics from the
sediments to the vertical stratification of the living organisms in
the water column, Most of the planktonio populations examined in
this study display an average size suoccession similar to those
previously described, For the purpose of discussion, specimens which

are in the smallest one-third of the population size range will be

20
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termed juveniles, Two exceptions to the size succession occur in

populations of Pulleniatina obliquiloculata and Orbulina universa from

the northwest Gulf of Mexico (figure 9, 10, page 22, 23), Orbulina
universa has been shown by Bandy, 1968, to represent an ontogenetio
stage of at least three separate species of planktonic Foraminifera,

The faoct that Orbulina universa is a polyspecific variant of

intermediate and adult specimens may explain why no jJuveniles of this
"species™ are observed as well as why no smcoession of juveniles to
adults ocours in shallow to deep water sediments in the northwest
Gulf, Bxamination of size distribution graphs (figures 9, 10, 11,
pages 22, 23, 24) reveals a paucity of juvenil; specimens in the
population of Pulleniatina obliquiloculata which parallels the failure

of this species to conform to the sisze inorease succession
charaocteristio of the remainder of the planktonioc fauna. The low

ratio of juvenile specimens in populations of P. obliquilooulata

and Orbulina universa may be due to extrinsic factors swh as

wimowing of specimens in the sediments or seleotive removal of

living Jjuvenile specimens in the water column by curremts, Craig, 1967,
has reported similar disparate population distributions in Bahaman
pelecypod faunas in which certain species have a notably high or

low ratio of juvenile specimens to adults. He has oconcluded that low
or high ratios of juveniles to adults in death assemblages, whioh

are manifest in only one or two species out of ths entire fauna, must
be attributed to either differential mortality or growth rates in
those species, Two additional explanations for low juvenile-adult
ratios in populations are the selective removal of the juveniles by

diagenetio solution and the removal of live juveniles in the water
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FIGURE 9
SIZE DISTRIBUTION OF PLANKTONICS FROM TRAVERSES IN THE NW GULF OF MEX,

1-10 SPECIMENS PER POINT

TDOd

GLOBIGERINOIDES RUlE{

'i

s RS . .'"I DA
/.T.

/4 . -c‘...n

0

— -—T b

E '."" 5 "".-ot"'u'

rf000]
PULLENIATINA OBLIQUR.OCULAT,

M o
z
L -
- t.n ..s.Ac 0.¢|0. Al 0 s 8 a3 oonx: - a
o s « o o« o o ¢ e o+ e oo o o
h ’

4 4 - 4 -A- - - v TYrvrvyrrrorey

900

WO| 4 5 W @

MILLIMETERS

g )

GLOBIGERINA BVLLOIDES

or

.« .
.
.
.
- oy
)
3
A

19
./-:—'T.':'. A

T woo| T :g"""'ﬂ""'ﬁ

SIZE

SPECIMEN

g )

GLOPOROTALIA TRUNGCATULINOIDES

1000 ,."'IU.I'B_“'E‘

GLOBDQUADRINA DUTERTREI

o

L DEPTH IN

%00

d .8 \8s
METERS SPECIMEN SIZE IN MW, J




23

MILLIMETERS
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FIGURE 10
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FIGURE
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SIZE DISTRIBUTION OF PLANKTONICS FROM TRAVERSES IN THE NW GULF OF MEX.
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column by currents during limited time imtervals. Solution does indeed
affect juvenile specimens in sediments from depths greater than one
thousand meters (Berger, 1967)., There is, however, no evidence for
extensive solutioh of juveniles in continemtal shelf and upper slope
faunas, Removal of juveniles by marines currents during the reproductive

period of Pulleniatina obliquiloculata is unlikely in as much as a

mmber of planktonic species with high juvenile-adult ratios reproduce

during the same period as P, obliquiloculata (Jones, 1964; Phleger,

1951),
_ | Because the shallow water representatives of most of the planktonic
apocioi are juveniles, populations with a low proportion of Jjuveniles

in the depth assemblages may be poorly represented or absent in

shallow water sediments. By excluding two such species, P, obliquilo=-

culata and Orbulina universa, from the basinward succession (figure 8 B,

page 18, it is apparent timt the succession of planktonics in basinward
traverses oorx.'esponds closely with the percent of each species (figure

8 C, page 18), From these considerations it is concluded that the basin-
ward succession of plg.nktonios (figure 8 B, page 18) is primarily an
gxprgsuign of t}xe_per?ent of the individual species rather than depth
preference by species, Further, because the basinward succession of
Planktonio Foraminifera is a succession based on & basinward juvenile-
adult series, any fluctuation in the ratio of juveniles to adults in a
population will directly affect the uppermost ocourrence of that species
in continemtal shelf sediments,



Distribution of Planktonics
Part II: Intraspecific Distributions

Section 23 Sécoﬁdary calcification of tests

The acoretion of a secondary crust of calcite over the surface
of the test of some species of planktonic Foraminifera has been reported
by a number of authors (Ericson, 1964, Be, 1964, 1965) The secondary
crust, which may be as muoh as fifty miorons thick as compared to
an average of twenty microns for the underlying foundation wall,
imparts a sucrosic, snow-white appearance to the outside of the test
due to mimute terminations of calcite crystals, the C axes of which
are oriented normal to the test wall, (Plate 1, figures 3-12)

Ericson‘gslzl. (1961) have reported the ocourrence of the
secondary crust on eight separate species of planktonic Foraminifera
from deep sea cores from the Atlantic Ocean, Bé and Ericson (1963)
and Be (1965) have considered in detail the structure of the
socondafy orust on seleoted species of Foraminifera and have reached
two important conclusions:

1, The secondary thiokening of the protozoan test is not an
inorganio diagemetic process taking place after the death of the
individual organism,

2. The acquisition of the secondary orust is a response by
the protozoan to some extrinsioc stimulus which prevails in deep
waters below the epipelagic zone,

The present study offers some observations relative to the
depth at which the thickening process begins in these organisms

in the Gulf of Mexico., Planktonic Foraminifera from the marine
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sediments were counted as either having or not having the secondary
crust, Bg and Ericson (1963) have reported live specimens from
plankton hauls which had incipient thickening of the test in the
form of short, blunt calcite crystals over the surface of the test.
Most of the specimens counted from the Gulf of Mexico sediments
either lacked the thickening completely or had a well-developed,
sugary white crust (figure 12, page 28). The disparity between dead
populations and the'standing crop with respect to the number

of individuals in the intermediate stage of thickening suggests
that the thickening process itself may be rapid,

The basinward change from predominantly non-thickened to thick-
walled populations is remarkably abrupt, taking place over a very
short areal distance (figure 12, page 28). Each of the four species
exhibits the change from thin to thick-walled populations at a
different depth from the other species, For each species, the depth
at which the secondary thickening takes place is constant over the
entire area of the northwest Gulf of Mexico, Bé and Ericson (1963)
have given three hundred to five hundred meters as the depth below
which secondary thickening takes place in living specimens of

Globorotalia truncatulinoides (D'Orbigny). The upper limit of this

three hundred to five hundred meter zone is expressed in the
distribution of populations of this species from sediments in the
northwest Gulf, The depths recorded at which thickening takes place
in the remaining three species in this study undoubtedly represent
the upper liﬁit of the thickening zone in the bathymetric column

for living specimens: G, crassaformis (Galloway and Wissler), seven

hundred meters; G. cultrata (D'Orbigny), one hundred and twenty meters;
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G. tumida (Brady) two hundred meters. In addition to the Genus

Globorotalia, secondary thickening is evident in the species

Globigerinoides quadrilobatus sacculifer in the northwest Gulf

beginning in the interval between three hundred and four hundred
meters, No secondarily thickened specimens of G. sacculifer were
counted from sediments shallower than three hundred meters (figure 12,
page 28). Further consideration of secondary thickening in‘g.

sacoulifer appears in the discussion of variation of the species,



Distribution of Planktoniocs
Part II: Intraspecific Distributions

Section 3: Aberrant terminal chambers

Be (1965) has desoribed variations in the ultimate chamber
in a number of north Atlantic planktonic Foraminifera., These
variations may be classified into two groups where they occur in
faunas from sediments in the northwest Gulf of Mexico, Populations

of Globigerinella siphonifera, Globoquadrina dutertrei, Globorotalia

cultrata and Globorotalia truncatulinoides all have & considerable

percentage of specimens with a diminutive final chamber (figure 13,
page 31). This terminal chamber, although reduced in size end bearing
a compafatiyely thin wall, has the same shape as previous chambers,
The second type of aberrant terminal chamber described by B; (1965)

is the sac structure of Globigerinoides sacculifer, This latter

feature may be smaller or larger than the peniultimate chamber and
has a wall similar to that of the remainder of the test, but it bears
little resemblance in shape to previous chambers (figure 13, page
3l). Be (19;5) has noted that both the sac structure and the diminutive
te}miﬁal-chamﬁer on the previously mentioned species mark the
termination of shell growth for the individual specimen,

Figure 14, page 32 shows the distribution in the northwest
Gulf of specimens of these five species which bear either the sao
structure or the diminutive terminal chamber, Specimens bearing
these aberrant terminal chambers are all in the adult size range of
each population curve, The distribution of specimens with aberrant

terminal chambers 1is difoctly related to the average size distribution
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FIGURE 13 &
DIMINUTIVE FINAL CHAMBER ON
FOUR PLANKTONIC S8PECIES

FIGURE 136
SAC VARIATION #
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. FIGURE 14 e

DISTRIBUTION OF PLANKTONICS BEARING A.ERRANT FINAL CHAMBERS FROM THE
NW GULF OF MEXIC
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of each species in the sediments in that the appearance of specimens
bearing the aberrant chambers correspondsto the initial occurrence of
adult specimens on the bathymetric profile, Because aberrant terminal
chambers are a function of the ontogenetic stage of an individual
specimen and because the onmtogenetic stages are vertically
stratified in the water column, as shown in a previous discussion,
the presence of these features is potentially of use in fossil

assemblages as depth indicators.



Distribution of Planktonics
Part III: Intraspecific Distributions

Section 4: Spines

The presence or absence of spines was recorded for a number of
planktonic species during the course of this study (figure 15, page
85), Species which have spinose individuals in their populations

1n61udedx Glébigerim bulloi'des_, G]'.obigﬂerirﬁarlla siphonifera,

Globigeririoicieé conglobéd:us, Globigerinoides ruber, and Hastigerina

zglagica.'Individuals bearing spines were rare in sediments in the
western Gulf of Mexico except in the outer shelf and upper slope
areas, Live specimens from plankton tows (Bradshaw, 1959, Be, 1958,
eto,) commonly have spines, The ratio of ipinoae to nonspinose indivi-
duals in sediments is much smaller in the western Gulf of Mexico
sediments than it is in the recorded ratio of spinose to nonspinose
individuals from plankton tows (Bs, 1968), Spines are thus destroyed
on many specimens after death bi abrasion or solution, Further
evidence of this secondary loss of spines in planktonics may be

found in the fact that only the specimens from the uppermost portion
of the sediments close to the water-sediment interfapce bear spines,
Planktonic specimens from sediments more than five centimeters below
the water-sediment interface typically have a dull tan to yellow test
and frequently have very fine-grained sediments in the chambers,
Fresh speoimens are devoid of sediments in the chambers and have a
whiter test, Spines were recorded only on the light colored specimens
indiocating that only the most recently deposited tests in the

sediments have the spines and that spines are probably lost shortly
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after the test is deposited. The distribution of spinose individuals
in the sediments does not, therefore, reflect the distribution of
spinose individuals in the overlying water mass, The distribution
of spinose individuals (figure 15, page 35) shows a higher proportion
of spinose individuals in the juvenile size range. B (1960) has
commented on this loss of spines by mature specimens in his studies
of live Foraminifera from the north Atlantisc. The comcentration of
spinose individuals in the outer shelf and upper slope for these
five species does not coincide with any concentration of juveniles
at the seme depth either in the sediments or in the overlying

water mass, It is assumed that the concentration of individuals
with the highly ephemeral spines is a function of active planktonic

sedimentation in the outer shelf and upper slope areas,



Distribution of Planktonics

Part II: Intrespecific Distributions

Section 5: Bullae

Small chamberlets or bullae, which partially or wholly cover
the openings of primary or secondary apertures on planktonic
Foraminifera (figurg lé, page 38), have been utilized by some
authors (Blow; 1959; Loeblich, 1957) as taxonomic features in
the description of new species and genera. Studies by Bradshaw (1959)
and Parker (1962) have demonstrated that bullae may not be present
throughout the life cycle of the individual. As a consequence of
these latter studies, many of these genera and species, which were
recognized on the presence or absence of bullae, have been placed
in synonymy.

Five planktonic species from sediments in the northwest Gulf
had bullae=bearing individuals in their populations., These species

included Globigerina dig;tata, Globigérinoides conglobatus,

Globigérinoides ruber, Globigerinita glutinata, and Globigerinite

humilis, The bullae of both of the above species of Globigerinoides

are small, inflated and cover secondary apertures, Bullae of

Globigerina digitata and both species of Globigerinite are all

broad, flap-like, and cover the umbilical aperture of the test

(figure 16, page 38), Globigerinita uvula has been reported by Bé

(1967) to have bullae in populations of the species in temperate
inter masses in the north Atlantic, The species was rare in the

northwest Gulf of Mexico, and individuals with bullae were not recorded.

Bullae from specimens of planktonics in the northwest Gulf typically
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FIGURE 16
BULLAE STRUCTURES ON FIVE PLANKTONIC
SPECIES
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are thin to diaphanous and have a surface texture and pore distribution
which differ considerably from the remaimder of the test. The
distribution of bullae is similar to the distribution of diminutive
terminal chambers in populations of other species in that the structures
are developed only in the adult portion of the population (figure 17,
page 40). The distribution of individuals bearing bullae corresponds
to the éisfribution of adult specimens of the five species in
sediments in the northwest Gulf (figure 17, page 40). Populations
from lower slope sediments show ; reduction of individuals with the
bulla structure, This decrease may be a reflection of the diagemetic
solution of the thin bullae at that depth, Similar diagemetioc solution
of spimes in lower slope sediments has been discussed in this study.
As in the incidence of spinose individuals, the presence in the sediments
of many individuals with thin bullae may reflect active pelagioc

sedimentation at that portion of the bathymetric profile.
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Distribution of Planktonics
Part II: Intraspecific Distributions

Section 6: Test pigmentation

Two species of planktonic Foraminifera in the northwest Gulf
of Mexico include specimens in their populations which have

pigmented tests. All of the specimens of Globigerina rubescens

recorded in the present study have a light orange hue evenly distri-
buted through the test. Populations of this small species have been
reported elsewhere (Parker, 19;2) with non-colored variamts, but no
similar veriants were recorded in this study.

The other pigmented species, Globigerinoides ruber, exhibited

opnaidorublo color variation in the Gulf of Mexico. This latter
lpegios varies from completely white specimens to specimens with a
bright vermillion red color of an equal shade on all chambers in
the test, Between these two extremes are individuals with a light
pink coloration on all the chambers and specimens with bright red
proloculus end initial whorl eand succeedingly lighter red color

on the younger chambers grading into pink, The ultimate and
peniultimate chambers in this latter group are commonly white,
Because of the complete intergradation of color variation specimens
were counted as either colorless (white) or colored to some degres,

Colored and non-colored variants of Globigerinoides ruber

may be separated into two populations by size as well as by ocolor
(figure 18, page 43). Both variants have the same size range (.2mm
to oSmm), but oolared speocimens are numerioally dominant in the

size range from .2mm %0 .4mm by a ratio of almost two to one,
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In the size range from .5mm %o +9mm the non-colored variants are
the mumerically daminant form by a similar ratio.

In areal distribution (figure 18, page 43), non-colored
specimens are the dominant form at the shallowest distribution
of the species between twenty-six and one hundred meters on the
ocontinental shelf, In sediments deeper than one hundred meters,
the ratio of colored to mon-colored variants is approximatelly
equal, The low percenmtage of pigmented specimens in the low
temperature coastal water (1;° C-18° C, figure é, page 13) seems
to agree with Bé's (1960) observation that living colored variants
concentrate in water of a higher temperature range (18° C-28° C)
than the remainder of the population. Living non-pigmented specimens
coexist with the pigmented variety in the temperature 18°c-27° ¢
and are the only variety present in the temperature range 16° C-18° C
(Be, 1967).

Klthough Be (1967) has reported that some fossil specimens
of G, ruber still Bear i)ignenta.tion (phenophytin), the persistence
of the pigmentation in fossils is infrequent. While the temperature
significance of pigmented specimens of G, ruber may be unreliable in
fossil assemblages, the feature may ocertainly be useful in the study

of recent environments,



43

WAGAON

I

NOILVINGOd VL1041 ML
N' NOTLNENLISG ¥WOT0D

NOY4 YIENY S3AIONINIOIE0TO 40 SNINIOIIS GILNINOIJ-NON ANV G3ILN3INOIA 40 NOILNGIMLISIO

W NI 3ZIS NINID3dS svaiLanm N1 Hlidaa
60 LSy €T oo 006 0
Iﬂlﬁ Q - - v v v v v v
&
006 e A
- ! P
3
~m
L i SNIN19348 0AINOT0D aum
' ~
000! . °
o
. 9
SNIN10346 -
0340109 40 - . o
NOUN@WLSIC IS E
=
€O LG ¥E T Ps?
0 \ =
[ -
x
. ]
: -
3
4
) ol
— | SNINIOI4S 0AN0T00-NON S
J c
>
000! -
. [ o
SNINIOdS =
G3U0T00-NON 40
NOILNGIWLSHD 3T'S Lo

314084 OINLIIMAHLIVE BHL N' NOWLNGINLISIE ¥OTOD
0JIX3IN 40 47N MN 3IH1 NI SIN3INIG3S

81 _34N91J

1




Distribution of Planktonics
Part II: Intraspecific Distributions

Section 7: Right and left coiling

Throughout their geographic distribution many species of recent
planktonic Foraminifera may be divided into subpopulations on the
basis of right or left coiling of the test, Studies by Ericson et al.
(1954) and Bandy (1930) have shown that the direction of coiling
in planktonic Foraminifera is apparently related to water temperature.
Coiling direction of planktonic Foraminifera in the northwest Gulf
of Mexico was recorded to test the possibility that right and left
coiling subpopulations exist in the bathymetric column in response
to the vertical temperature gradient, Mixtures of right and left
coiling variants of single species or assemblages of species may also
indicate the intersection of two water masses of varying temperatures,
Coiling was tabulated for nineteen of the twenty-two species present
in sediments of the northwest Gulf, Two of the remaining three species,

Hastigerina pelagica and Globigerineila siphonifera, are planispiral

while the third, Orbulina universa, is not colled,

Coiling in most of the populations (figure 19, page 45) is
generally homogeneous, The small peroont:go of aberrantly coiled
specimens in the populaﬁions is scattered throughout the bathymetric
profile., The lack of concentrations of one ocoiling type for any
species of any particular depth seems to indicate that no vertical
stratification of coiling in the bathymetric column exists in the
northwest Gulf of Mexioo, Phleger (1960) has suggested that many of

the planktonic species in the Gulf of Mexico are allochothonous and
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: FIGURE 19
LEFT AND RIGHT COILING OF PLANKTONIC FORAMINIFERA FROM SEDIMENTS
IN THE NW GULF OF MEXICO
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that assemblages there are made up of mixed faunas of mid-latitude
(200-40° latitude) and low latitude (0°-20° latitude) species, Many
of the planktonic species which are recorded in the northwest Gulf
change in coiling direction where they occur in mid-latitude and low-
lqﬁitudo areas in the Atlantic (Bricson e_t_a_l., 1954; Bé, 19'67).AIf
the Gulf faunas were mixed they‘should be heterogeneous with respect
to ocoiling groups, Coiling, on the contrary, is generally homogeneous,
Moreover, the trends in coiling of northwest Gulf faunas are markedly
similar to those of low latitude assemblages. The homogeneity of coiling
of faunas of planktonics in the northwest Gulf suggests that most of
the species coexisting there are indigenous.

In fossil faunas where the species diversity is very low, a
frequent characteristic of planktonic assemblages, the coiling direction
of the individual species as well as the homogeneity or lack of
homogeneity of coiling groups may provide a useful characteristic in
identifying a particular fauna in a geographic as well as stratigraphic

sense,



Distribution of Planktonics
Part II: Intraspecific Distributions

Section 8: Review and discussion

Although they have been separated here for purposes of
discussion, intraspecific and interspecific distributions of
planktonics are closely interrelated. For example, the basimward
succession of planktonics in sedimqnts is primarily a function of the
:Qlativeiabunda.m.:e of gacy species, ‘!’he shallow water representatives
_ot_’ a species are, however, _juveniles. Thus flqctu‘atvi_ons‘iz_x the juvenile
portion of g.death assemblage may alter the basinmward succession
considerably,

The predominance of juvenile specimens in shallowwater
populations of a species is directly related to the known living
vertical stratifivation of planktonics in which juveniles occupy the
shallowest portions of the bathymetric column, The low frequency of
all planktonics in qh;.]_.lov_r water sediments has been.attributed to the
~1c'.v_lr frequency of living specimens in coastal waters., Low frequency of
planktonics in shallow sedimel:'lts is also due in part to dilutj.on by
the heavy sedimentation there. In opposition to the high frequency of
Juvenile specimens in shallow water sediments, there is a paucity of
Juveniles in marine sediments below one thousand meters, This is
probably due to the diagenetic solution of the thin, fragile tests
of juveniles at these depths, Because of their geometry, spines and
bullae are two other structures on 'plmkbonio tests which are
readily affected by solution., Both of the latter features are

sufficiently delicate that they may be used as a qualitative
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indication of active planktonic sqdimen?ation where they occur in
abundance ig_agsemblggeg from_sedimenﬁs.'

‘Diminutive terminal chambers, bullae structures, and secomdary
oglqificgtipn occur in higher frequency in adults than in juvenile
gpqq@qens,’and_appgrent}y they represent late stages in the
ontogenetic development. Because the above features are associated
with a particular specimen size, flucutations in the size distribution
of populations bearing the stducture will»directly affect the
distribution of that feature in sediments. Secondary calcification
ococurs in four species of a single gemus., Each of the four species
changes from normal to predominantly secondarily calcified
populations at separate and remarkably constant depths., The
distribution of secondarily calcified individuals in sediments
corresponds to the known distribution of living specimens in the
bathymetric column,

Test pigmentation of the planktonic species, Globigerinoides

ruber, has been reported as persistant in some fossil assemblages.
The tendency for pigmentation to be lost in specimens after death

of the individual, however, makes this character unreliable in

most fossil assemblages, The living distribution as well as the
distribution of pigmented specimens in recemt sediments correspond
closely to temperature, Thus the feature might be of use in
identifying marine curremts of varying temperatures, Another feature
which is apparently a function of temperature is the direction of
coiling (right or left) or the test, Unlike test pigmentation,

the coiling direction éannot be destroyed after the organism's death

unless, of course, the entire test is subject to solution., Coiling
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direction of an assemblage may be characteristic for water masses
of even slight variations in temperature. This character has proven
extremely useful in marine stratigraphy and in determining the
paleogeography of water masses of particular temperatures,

It is interesting at this point to compare some of these
features of planktonic Foraminifera to related features and known
physical variables, Bullae structures, aberrant terminal chambers,
and spines are all either directly or inversely related to the
specimen size, Vertical stratification of sizes and secondary
calcification of the test are in turn a funcation of some unknown
depth-related stimulus, This latter stimulus may be temperature,
but there is no experimental supporting evidence, Temperature is
apparently the physical variable which controls the test pigmentation
and coiling as well as the distribution of individual species
(interspecific distributions), Direction of test coiling and
distribution of individual species are the features most commonly
used in marine stratigraphy. Authors employing these features are
then in effect correlating temperature and not time, Anaioga to
this situation exist where some correlations based on floras are

olimate correlations instead of time,



Distribution of Planktonics

Part III: Variation and distribution of populations

In preceeding sections, morphological variations which may apply
to all or a mumber of species have been discussed separately. From
these disocussions certain generalities were arrived at which may be
applicable in fossil assemblages., In the present section the
distribution and variation of individual species are considered,

For each species the distribution is contoured for the northwest
Gulf of Mexico. The contoured values for these distribution maps
represent the percentage of the species with respect to the remainder
of the planktonic fauna at each locality. As stated in the counting
procedure section (page ;) , Where possible two hundred specimens were
counted in each sa.r;:ple. The mumerical maximm and the percentage
~maximum for a species may ocour at different areas in the bathymetrio

profile, Globigerinoides ruber, for example, may be represented by

five specimens in an entire semple from water shallower than thirty
meters, but it may be one hundred percemt of the fauna if it is the
only species present in the sample, The lowest value would represent
two specimens of a species in a maximum faunal count of two hundred
specimens, This value contoured on the distribution maps is omne
percent, Rare species which are represented frequently by a single

specimen, as, for example, Globigerina digitata and Globigerina

rubescens, appear to have disjunct distributions for this reason.
Some of the very rare species discussed in this section may be
allochothonous to the northwest Gulf of Mexico, Many of these

species are abundant in the Caribbean and south Atlantic which are
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the source areas for surface marine currents in the Gulf of Mexico
(figure 4, page 11). The rarer species, including Globigerina

digitata, Globigerina rubescens, Globigerinita humilis, and

Globigerinita uvula, are previously undescribed from the northwest

Gulf, These rare species may have been overlooked because planktonics
have been counted and studied by previous workers along with the
benthonics, The species diversity of marine benthonic Foraminifera
in the Gulf of Mexico is characteristically high (three hundred to
five hundred species). Counting the benthonics with the planktonics

will invariably statistically screen out many of the rarer planktonics,



Variation and Distribution of Populations

Globigerina bulloides D'Orbigny

Globigerina bulloides initially appears in the bathymetriec

profile between twenty-nine and thirty-one meters, This depth

of first occurrence is consistent throughout the study area in the
northwest Gulf of Mexico. Average size of the specimens of this
species renges from .2 mm, in populations collected at the shallow
end of the traverses to .4mm.iin slope populations, The largest
specimens were recorded from the deepest samples in the traverses
and measured up to ,7mm, in maximum diameter,

Other variations coumted for this species were spinosity and
coiling, Less than ten percent of the specimens counted bear
spines, These spinose individuals all occwrred in continental shelf
and upper slope samples, Ninety percent of the northwest Gulf specimens
of G, bulloides coil to the right., Left coiling individuals are
scattered throughout the bathymetric profile, Populations of

Globigerina bulloides reach numerical maximums at the middle and

outer continental shelf where they average fifteen to twenty percent
of the total planktonic fauna, On the contiental slope, population
percentages of the species drop off rapidly to averages of five to

ten percent,
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Globigerina digitata Brady

Although Globigerina digitata was rare in the western Gulf of

Mexico, ninety percent of the specimens were in the shelf samples.
A similar distribution was noted by Parker (1958) in her gtudy of
He¢iterranean planktonic s where she reportea that, although G,
&igi‘bd‘ba is less than one percent of the total planktonic fauna,
it occurs consistantly high in the bathymetric profile in
continental shelf sediments,

Specimens counted in this study averaged ,2mm, Due to the rare
ocourrence of the species, however, no generalities can be made
on size distribution with relation to the bathymetric profile. The
increased abundance of live and dead specimens reported for this
species in the Caribbean Sea and the equatorial Atlantic (B, 1966)
gseems to suggest that individuals of this species are being introduced
into the Gulf of Mexico by marine currents flowing through the Yucatan
Straits. All specimens of this species coil to the right in the
northwest Gulf of Mexico., Approximately half of the northwest Gulf
specimens of G, digitata bear a flap-like umbilical bulla, Most of
these bullae-bearing individuals were counted from outer shelf and

upper continental slope sediments.
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Globigerina pachyderma (Ehrenberg)

This species was rare in the western Gulf of Mexico., The
specimens averaged .4mm, in size and showed little size variation,
Klthough the species is believed by some authors to live at
depths of one hundred meters and greater in temperate and tropical
regions, many of the specimens counted in the present study occurred
in sediments from less than one hundred meters, Parker (1958) has
stated that the species is a reliable cold water indicator in the
Mediterranean Sea where it is rare in sediments shallower than three
hundred and thirty-eight meters,

The absence of any appreciable percentages of Globigerins
pachyderma in water masses or marine sediments adjacent to the Gulf
of Mexico makes any suggestions as to the source of this foraminifer
in the Gulf of Mexlco at best speculatory, G. pachyderma is one
hundred percent right-coiling in the northwest Gulf,
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Globigerina rubescens Hofker

This small species is very rare and scattered in the area
studied. All of the specimens counted were less than .2mm,
maximum diaméter. There was not a sufficient number of specimens
counted to make any generalities on the distribution of size variants,

The occurrence of Gldbigérina rubescens in the south Atlantic as

reported by Bé (19686) suggests that, like Globigerina digitata,

the species is being carried into the Gulf area by curremts through
the Yucatan Straits. All specimens of this species are left

coiling in the northwest Gulf, and the test has a light orange hue.
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Globigerinella siphonifera (D'Orbigny)

This species initially occurs in the bathymetrioc profile
at around forty meters, Average size increases from .4mm. on
shelf specimens to .6mm. on slope specimens., The largest specimens

of Globigerinella siphonifera are not localized in their occurrence

but are most common in shelf sediments., In addition to size
variation, the presence or absence of a diminutive final chamber -

was counted, A diminutive final chamber was counted on about ten
porpont of the specimens, and individuals with the structure were
scattered throughout the bathymetric profile. Highest numerical counts
for the species occurred in the outer shelf sediments, but these

did not exceed twelve percent of the total planktonic fauna in any

of the traverses, Spinose juvenile individuals of G. siphonifera

are up to fifteen percent of the population in shelf sediments but

are rare elsewhere,
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Globigerinita glutinata Bromiman

Specimens of Globigerinita glutinata were scattered in

sediments in the northwestern Gulf of Mexico. Most of the specimens
counted were from outer continental shelf and slope sediments, Size
for the species was .%mm. (maximm diameter). The population is

not sufficiently large to make any generalities o.n the distribution
of size variants, Specimens bearing the bullae structure compose
approximately half of the populations counted and are most common
in sediments deeper than three hundred meters, The paucity of this
species in the western and eastern Gulf of Mexico (Parker, 1954)
and its increased abundance in the Orinoco and Caribbean areas (Drooger,
1968, Jomes, 19;;) indicates that the species is probably being
introduced into the Gulf through the Yucatan Straits. All speoimens

of G, glutinate recorded in the northwest Gulf were left coiling,

62



63

FIGURE 25
%X DISTRIBUTION OF HOUSTON B\
LO NITA GLUTINATA

SCALE

1o 0 1o 20 o6
==
MILES




Globigerinita humilis (Brady)

Globigerinita humilis was rare in the western Gulf of Mexico.

The species is unreported from water masses and marine sediments
adjacent to the Gulf of Mexico, but the absence of the species in
previous records may be due to the extremely small size of the
specimens or to misidentification as benthonics, Parker (1951),

The species was counted from outer shelf and continental slope
sediments where it has a very scattered distribution. Populations

of the species averaged .2mm, maximum diameter with little wvariation in
size, Three quarters of the specimens bear a thin flap-like

umbilical bulla which is a vemtral extension of the final chamber,

G. humilis was the most heterogeneous species tabulated with respect

to coiling with a sixty to forty right-to-left coiling ratio.
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Globigerinita uvula (Ehrenberg)

This rare species was scattered in outer shelf and slope
sediments in the northwestern Gulf of Mexico. Almost all of the
specimens of this species measured .2mm. (meximum dismeter). As
with many of the smaller rare species encountered in the present
study, the increased abundance in the Orinoco area (Drooger, 1958)
indicates that the species is being introduced into the Gulf

from the Yucatan Straits. Populations of Globigerinita uvula

were more than ninety percent left coiling in the northwest

Gul fo
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Globigerinoides conglobatus (Brady)

The first occurrence of Globigerinoides conglobatus is

scattered in the western Gulf of Mexico between thirty and

eighty meters, Specimens range in average size from .3mm, in the
shallowest sediments to ,7mm., in the deepest. Maximum size

reached by the species is 1,0mm. in continental slope sediments,

The highest numerical counts for the species were recorded in
samples from the outermost continental shelf, In these sediments

the species reaches a maximum of eight percent of the total planktonic
fauna, In addition to size, the presence or absence of bullae
structures and spines were tabulated for this species, Speoimens
having the bullae structure were primarily adults and were less

than twelve percent of the total population., These bullae-bearing
specimens were scattered through the bathymetric profile deeper than
one hundred and fifty meters, Conversely, spinose individuals were
predominantly juveniles and were restricted to middle and outer
continental shelf sediments, One hundred percent of thé populations

of G, conglobatus in the northwest Gulf are right coiling,
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Globigerinoides quadrilobatus sacculifer (Brady)

The first occurrence of Globigerinoides quadrilobatus sacculifer

in the bathymetric profile takes place consistently at thirty to
thirty-two meters, Average specimen size varies from ,3mm, at the
shallow end of the bathymetric profile to .5mm. in populations from
slope sediments, B and Ericson (1963) have noted a similar range in
sizes from live specimens taken in plankton tows. Their study of
Atlantic planktonics demonstrated that higher proportions of smaller
individuals inhabited the shallower epipelagic depths while larger
specimens ocoupied respectively greater depths in the bathymetrio

column, The largest specimens of G. quadrilobatus sacoulifer ocounted

in this study measured up to 1.0mm, maximum diasmeter and were from
lower slope sediments. In addition to size variation, test thickness,
coiling, and the configuration of the final chamber were tabulated

for northwest Gulf populations, Specimens of G. qpﬁdrilobatus

sacoulifer with a thiokensed test have been previously identified

by authors (Bé, 1965) as Sphaeroidinella dehiscens. This morphological

variant of G, quadrilobatus sacculifer was scattered in its

ocourrence in the northwestern Gulf of Mexico sediments but was

not recorded from shallower than three hundred meters, This agrees
with the known distribution of living specimens of the variant as
recorded from plankton tows (B§, 19;5, Jones, 1965), B& (1965) reports
that the thickened variant oéours live in notable frequencies only

at depths greater than five hundred meters in the north Atlantioe.

The "Spheeroidinella dehiscens" variant ranges in size from .6mm, to

1,0mm, The configuration of the final chamber of non-thickened
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specimens of G, quadrilobatus sacculifer is frequently such that

the chamber is sac-like and skewed away from the proloculus (figure
13, page 31),., This aberrant chamber seems to be homologous to the
diminutive terminal chamber of other planktonic species. Specimens
with the sac-like final chamber were rare in the sediments shallower
than one hundred and fifty meters, In sediments deeper than one
hundred end fifty meters the percenﬁage of the saé-bearing variants
increases to a maximum of fifty percent of the population of the
species from slope sediments,

The highest numerical counts of G. quadrilobatus sacculifer

ooour in lower slope sediments where the species is ten to fifteen
peroent of the total planktonic fauna. Phleger (1960) has reported a

gradual increase of the percentage of G, quadrilobatus sacculifer

from the western Gulf of Mexico toward the southeast Gulf of Mexioco
and the Caribbean Sea. This observed easterly increase of G,

quadrilobatus sacoulifer in the planktonic fauna indicates, according

to Phleger (1960), that the species is being introduced into the Gulf
of Mexico from the southeast, The oomplete speotra of juvenile to
adult specimens in the western Gulf of Mexioco seems to suggest the
oontrary, Ovey and Wineﬁan (1950) have stated that large acoumulations
of maximm size or adult tests in sediments would indicate an
environment very suitable to the organism, Such acoumulations of
adult tests are the result of reproduction in whioh the adult test

is evacuated during the process of asexual reproduction (Ovey and
Wiseman, 1960), Ninety-five perocent of the specimens of G.

quadrilobatus sacoculifer are right coiling in the northwest Gulf, Left

coiled specimens are scattered through the bathymetric profile,
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Globigerinoides ruber (D'Orbigny)

Globigerinoides ruber is the first planktonic Foraminifer to

occur in the bathymetric profile of any of the traverses of the
present study. The species first occurred between twenty-six and
thirty-one meters and is seldom found in mumbers greater than five
specimens per sample until thirty-three to forty meters where twenty
to sixty specimens occur per sample., Between forty and one hundred
meters of depth the species is approximately forty percent to sixty
percent of the planktonic fauna., Below one hundred meters on the
continental slope, the population percentages decrease to twenty
or twenty-five percent of the fauna,

~ Size range for the species varies from an average of 3mm. at
the shallow end of the traverses to ,5mm., on the outer shelf
sediments, Largest specimens of the species measured .8mm, and
were tabulated from outer shelf sediments,

Variation tabulated for the species included color, spines,
coiling, bullae structures, The color varieties of the species were
recorded as either non-colored, colored (red) throughout the test,
or colored on the initial whorl, Because the "totally red" and
"red on initial chamber" specimens completely intergrade, they are
recorded as "colored". Colored specimens average .4mm, in size and
make up appréximatel& fifty percent of the populations of this
species except in shallow sediments where they may be absent, Non-
oolored specimens average ,fmm, in size, Specimens with spines and
bullae structures are twemty to forty percent of the populations

in outer shelf and upper slope sediments, Most of the spinose
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individuals are juveniles, whereas most of the bullae-bearing
individuals are in the adult size range.

Studies of the cytology of this species by Freudenthal, Kossoy,
and Be (1985) indicate that the species has an abundant flora of
zooaionfhellae symbionts, The presence of the chlorophyll
synthesizing symbionts implies that the species is restricted to
the euphotic zone. Studies by Emiliani (1954) on the chemistry of

planktonic Foraminifers' tests showed that G. ruber lives in the

upper forty-five meters of the bathymetric column, This data
oorrelated well with the distribution of the species in the sediments
of the northwest Gulf of Mexico, Ninety percent of the specimens in
populations of G, ruber are right-coiling in the northwest Gulf,

Left-coiling specimens are scattered in shelf and slope sediments,
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Globoquadrina dutertrei (D'Orbigny)

Globoquadrina dutertrei first ococurs in the bathymetric profile

between thirty-one and fifty meters. Average specimen size varies
from .4mm, at the shallow ends of the traverses to ,6mm. in the
outer shelf and slope sediments. The largest specimens of this
species ooourred in the outer shelf and upper slope sediments and
measured .8mm, (maximum diemeter). In addition to size variation,
the incidence of the diminutive final chamber and coiling were
tabulated for this species, Specimens bearing the dimimutive final
chamber were evenly dispersed throughout the bathymetric profile
except in sediments less than one hundred meters of water. Specimens
bearing diminutive final chambers were invariebly in the adult size
range and were twenty to thirty percent of the population of the
species i‘n_many samples, All specimens of G. dutertrei were right

coiling in the northwest Gulf,
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Globorotalia crassaformis Cushman

Globorotalia crassaformis is not a common species in the

northwest Gulf, but its distribui_:ion in any of the samples in

the seven traverses studied was consistent, First occurrence of
the species in the bathymetric profile was scattered in the
traverses between thirty-one and four hundred meters. Average

sige of specimens ranged from .4mm, in the shallowest samples

up to .ém. in the deepest samples, The largest specimens of this
species measured ,9%mm, maximum diameter and ocourred in the deepest
samples on the continental slope, The highest percentages of the
species were in faunas from the mi&dlo and outer shelf sediments
where the species was four percent of the total planktonio fauna,

Populations of Globorotalia orassaformis exhibited the secondary

oaloification of the test in deep water typical of the
Globorotalid species, Secondarily thiokened specimens of G.

orassaformis are primarily in the adult size range and are

limited to continental slope sediments deeper than seven hundred
meters, The transition from thin-walled populations to thick-walled
populations is, as in all of the Globorotalid species, abrupt, The
range of siges of this species in the sediments of the Gulf of
Mexioco suggests that, although the species is relatively low in its
percentage of the total fauna, it is authochthonous to the Gulf,

Populations of G. orassaformis are invariably one hundred perocent

left coiling in the northwest Gulf,
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Globorotalia cultrata (D'Orbigny)

This species occurs initially in depths between thirty-one and
forty meters. Average specimen size varies from .4mm, at the shallow
ends of the traverses up to .9mm, in samples from the outer shelf
and continental slope, The largest specimens of this species measured
1,6mm, (maximum diameter) and occurred in continental slope sediments,
The preéence of a diminutive final chamber was relatively common
in this species which was up to fifty percent of the population
in some of the deeper samples, Most of the specimens bearing this
structure are in the upper half of the size range (.7mm. to 1.5mm.)
and are scattered through the bathymetrioe profile being only rare in

shallow water, Populations of Globorotalia oultrata exhibited a

profound change in wall thickness due to secondary calcification at
approximately one hundred and twenty meters., Near this depth, popula-
tions changed from five percent thick-walled forms to more than eighty
percent thiok-walled forms, This change ooccurred in most ocases in less
than one mile linear diatanoé. The highest percentages of this species
in the total planktonic fauna are found in slope sediments where the
species reaches highs of twenty percent. G. ocultrata is more than
ninety percent left ocoiling in the northwest Gulf of Mexico., Aberrant
left ocoiling specimens are scattered at all levels of the bgthymetrio

profile,
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Globorotalia inflata (D'Orbigny)

This species first occurs in the bathymetric profile between
forty-five and fifty meters. The first occurrence of the species
is represented by very low percentages but is consistent throughout
the area of the present study. The average size of the specimens
ranges from ,3mm, at the shallow ends of the traverses to ,5mm.
in continental slope sediments, The largest specimens of this
species measured .7mm. and were from outer shelf and upper slope
sediments. The highest percentage of the species ocours in outer
shelf and slope sediments where it is up to six percent of the
total planktonic fauna in isolated samples. All specimens of G.
inflata tabulated coil to the left and none of the species exhibit
the secondary calcification present in four other species of

Globorotalia from the northwest Gulf,
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Globorotalia scitula (Brady)

This species is rare in sediments from the northwest Gulf of
Mexico seldom comprising more than two percent of the fauna in
any sample, Specimens range in size from ,5mm, to ,8mm,

Globorotalia scitula was one of two species of Globorotalia which

did not show secondary calcification of the test wall, The rarity
of the species in the northwest Gulf of Mexico and its scattered
ocourrence in the Caribbean (Jones, 1985) and equatorial Atlantic
(B, 1958) indicates that the species 1s probably being supplied to
the Gulf from Atlantic water masses, All specimens tabulated are
left coiling in the northwest Gulf,
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Globorotalia truncatulinoides (D'Orbigny)

Globorotalia truncatulinoides occurs in the bathymetric profile

initially at scattered intervals between thirty end forty meters.
Average size of the specimens ranges from ,4mm, at the shallow ends
of the traverses to .6mm, in continental slope samples. The largest
specimens of this species occurred in slope samples and measured
.9mm, (maximum diameter)., In addition to sigze of the test, variation
in the test thickness as well as the presence or absence of a
diminutive final chamber and coiling were tabulated for the species,

At approximately three hundred meters, populations of Globorotalia

truncatulinoides exhibit a basimward change from thin to thick tests,

Above this depth, populations from sediments shallower than three
hundred meters consist of more thanmninety percent thin-walled
individuals, whereas below that depth populations are made up

of more than eighty percent thick-walled individuals, Bé and
Ericson (1963) have noticed a similar distribution of 1live,

seoondarily calcified specimens of G, truncatulinoides from net

tows in the north Atlantic. In their work they did not record
notable percentages of these thick-walled variants of the species
above three hundred meters, Between three hundred and five hundred
meters in the north Atlantio‘they found living thick-walled forms
to be relatively common in the bathymetric column, Most of the

specimens of G, truncatulinojdes which exhibited the diminutive

final chamber are in the largest site renge of the population
(.6mm, to ,9mm,) and oocour throughout the bathymetrio profile except

in the shallowest sediments, The highest percentages of the species
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occurred on the continental slope between five hundred and one thousand
meters where they were frequently fifteen to eighteen percent of the

total planktonic fauna, G, truncatulinoides is more than ninety percent

right coiling in the northwest Gulf, The aberrant left coiling

specimens are scattered through the bathymetric profile.
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Globorotalia tumida (Brady)

Globorotalia tumida has a very low initial occurrence in the

northwest Gulf, In most of the traverses the species first
appeared at eighﬁy to one hundred and twenty meters, Average
size of the individuals of this species ranged from .4mm, at the
shallow ends of the traverse up to .9mm. in populations from
slope samples, The largest specimens of the species measured
1.2mm, (maximum diameter) and occurred in slope sediments. This

npeo;es; like most of the species of Globorotalia, exhibits the

change from thin-walled populations to thick-walled populations

in basinward traverses, which, in this case, occurs at approximately
two hundred meters, Because the species has a relatively deep first
occurrence in the bafhymetric profile and because the populafion‘:
change from thin-walled to thick-walled forms takes place abruptly
at two hundred meters, the majority of the specimens counted in

this study were of the thick-walled variety. The highest percentages
of this species occurred in slope sediments but seldom exceeded five
percent of the total planktonic fauna, Populations of G. tumida are
ninety-five percent left-coiling in the northwest Gulf and, moreover,

aberrant left coiling individuals are evenly scattered areally.
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Hastigerina gglagici (D'Orbvigny)

Hé:stigerina pélagica was the only species encountered in the

present study which was more common in shelf sediments than in slope
sediments, The first occurrence in the bathymetric profile of this
species was soattered between seventy and one hundred and fifty meters,
Average specimen size varies from .4mm, at the shallow ends of the
traverses to .9mm, (maximum diameter) in the outer shelf samples,

The highest peroontﬁgos of the species occur in middle to outer

shelf sediments, but populations from these sediments do not exceed
four percent of the total planktonic fauna, Below two hundred meters

on the continental shelf, the percentages of Hastigerina pelagioca

deorease, Ocourrences of this species from slope sediments seldom
exoeed one percent of the planktonic fauna, S8pinose individuals of
H, pelagica are primarily in the lowest size range (.Zm. to .7mm.)

and are rare in sediments deeper than four hundred meters.
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Orbulina universa (D'Orbigny)

Orbulina universa occurs for the first time in the bathymetric

profile at scattered intervals between thirty and forty meters.
Unlike other species encountered in the present study, populations

of Orbulina universa do not increase in average specimen size from

the shallow to the deep ends of the traverses. Throughout the
bathymetric profiles the average specimen size for this form
remains at approximately .7mm. This anomalous distribution is due
to the lack of juveniles and probably relates to the polyphyly of
the form which is discussed in the section on systematics. The
highest percentages of the form occur at scattered intervals on
the continental shelf where it reaches a high of fifteen percent to
sixteen percent of the total planktonic fauna, An anomalous low,
unlike that of any other species distribution, occurs in a large

area on the continental shelf (distribution map).
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Pulleniatina obliqueloculata (Parker and Jones)

Pulleniatina obliqueloculata is one of the most abundant

planktonic Foraminifera in sediments in the northwestern Gulf of
Mexico, The species first ocours in the bathymetric profile at
scattered intervals between thirty and fifty-five meters, Like

Orbulina universa, the species displays no increase in average size

with depth, averaging .,&mm, throughout its distribution., The highest
numeriocal counts of this species were recorded from outer shelf

and upper slope samples where the species reached percentages of
twenty to twenty-five percent of the total planktonic fauna,
Extremely low percentages of this species in sediments of the
Orinoco and Caribbean areas have been reported by Jones (1965) and
Drooger (1958)., Jones has further reported that the species is

very seasonal in its ooourrence in the water column in the Caribbean
appearing only during the month of January but periodically meking
up more than ninety percent of the fauna in plankton hauls, One
hundred percent of the populations of the species in the northwest

Gulf are right coiling,
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Candeina nitida D'Orbigny

Candeina nitida is_rare in sediments in the northwest Gulf

of Mexioco, The species occurred in scattered samples in the

outer shelf and upper slope sediments, Average size of specimens
of this species in the western Gulf was .4mm. with very little
variation, Too few specimens of this species were counted to meke
any meaningful comments on the distribution, The very low
peroentages and limited size variations of this species suggest
that it is allochthonous to the northwestern Gulf of Mexioco,
Both(Jonssﬂ(ngs) and Drooger (1958) have reported Candeina
é&ﬁiﬁﬁ from the Caribbéan and Orinoco areas respectively in
peroentages which are considerably higher than those recorded in the
present study from the western Gulf of Mexico., The distributional
gradient of the populations of the species from the northwest Gulf
to the southeast Gulf suggests the species may be carried into the
Gulf on the marine currents entering the Gulf from the south at
the Yuoatan Chammel, Populations of the species in the northwest

Gulf are one hundred percent left coiling,
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Distribution of Planktonics

. Part III: Variation and Distribution - Review and Discussion

The high species diversity of the recemt planktonic Foraminiferal
fauna in the northwest Gulf is due to the presence of an assemblage
of allochthonous species. There is evidence that thirty-seven
peroent, or eight out of twenty-two species of planktonics in this
area, are being introduced into the Gulf through the Yucatan
Chamel (see Distribution of Populations, pagobso). These

allochthonous species include Globigerina pachyderma, Candeina

nitida, Globorotalia soitula, Globigerinita glutinata, Globigerinita

humilis, Globigerina digitata, Globigerinita uvula, and Globigerina

rubescens, Ovey and Wiseman (1950) have noted that the representation
of a species by a limited or single size group such as juveniles may
indicate that the species is ellochthonous, All eight of the above
pPlanktonics from the northwest Gulf are represented elsewhere by a
complete size spectrum, These eight species are distributed outside
the Gulf of Mexico in low and middle latitude water masses, Average
specimen size of all eight species in the northwest Gulf is
invariably in the smallest?bor juvenile size range of the known

sige distribution oll;whoro. In addition to this apparent sorting of
Juveniles, many of these species have a distributional gradient from
& rare oocurrence in the northwest Gulf to a common ooccurrence in
the southeast Gulf or south Atlantioc.(BS, 1966, Drooger, 1968),
Phleger (1960) has suggested that some of the well-represented
Foraminifera in the northwest Gulf may also be allochthonous

because, like some of the rare species, they exhibit a distributional
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gradient increasing toward the eastern half of the Gulf., The
abundance of these species, as well as their representation in the
northwest Gulf by all of the size groups in their ontogeny, seems
to indicate that they are indigeneous to the Gulf,

The variation in the first occurrence of a species in the
sediments with respect to depth is well exemplified in the
distribution maps of this section., This fluctuation in initial
appareance is due to the extreme paucity of each species in shallow
water sediments and precludes the use of first occurrence of a
species as a precise depth indicator in fossil assemblages, The
incidence of secondarily calcified tests is the only phenomenon
which is relatively constant with respect to depth in the northwest
Gulf, Even though the occurrence of this feature corresponds closely
to depth, in all probability it is controlled by a variable such
as temperature which must be considered before attempting to attach
significance to secondarily calcified individuals in fossil

assemblages,



Conclusions

1. The distribution of recent planktonic Foraminiferal species
and species variants in sediments from the northwest Gulf of Mexico
is directly related to the vertical and areal distribution of

living species in the Gulf of Mexico.

2. Empty planktonic tests occur in very low frequencies in
shallow water sediments, This low frequency corresponds to the low
incidence of living specimens in the overlying coastal waters in
which a combination of physical factors associated with fluvial runoff
from the adjacent coast brings about conditions deleterious to

the planktonic fauna,

3. Each species of planktonic Foraminifera in the northwest
Gulf has a minimum depth at which it initially ocours in the marine
sediments., At the minimum depth, species are represented by very
few individuals all of which are in the juvenile size range for
the population., The value of the minimm depth for each species
fluctuates considerably because the specimens upon which it is
based, being small and rare at that depth, are often overlooked.
The minimum depths or initial appearance of the various species
for the entire planktonic fauna may be expressed as a succession
from shallow to deep water, This succession of species is itself an
expression of the relative abundance of each species in the

planktonic fauna. Abundant species such as Globigerinoides ruber

will occur high in the bathymetric profile while rare species

will occur in deeper sediments,
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4. The average specimen size of planktonic populations
increases in sediment samples taken from successively greater depths in
the bathymetric profile, This average size increase may be
attributed to the known vertical stratification of size groups
of living planktonics in the marine water in which juvenile
specimens occupy the shallowest portions of the water column, In
sediments from water depths greater than one thousand meters a
second increase in average size ocours because of the diagenetioc
removal by solution of the juvenile tests below this depth,

Because the shallowest specimens in the bathymetrisc profile
are invariably Juveniles, variation in the ratios of juveniles to
adults in a death assemblage will affect the minimum depth at

which a species occurs in sediments,

6. Thin, fragile struoctures on the foraminiferal test, inocluding
spines and bullae, are readily destroyed by abrasion or solution
after the death of the individual bearing them, While these
struotures are of little use in interpreting fossil assemblages,
their abundance in contemporary populations from marine sediments
may be indicative of an area of active planktonic sedimentation,
Such an area occurs in the northwest Gulf of Mexico on the outer

continental shelf and upper continental slope,

6. The development of aberrant terminal chambers and secondary
ocalcification of the test are regarded as terminal stages in the
ontogeny of planktonics, The appearance of the latter feature

in populations of Globorotalia spp. from sediments takes place

with remerkable sharpness and consistency with respect to depth.
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The areal distribution of secondarily calcified individuals in
sediments is directly related to the level that living individuals

occupy in the water column,

7. Temperature is apparently the physical variable comtrolling

the distribution of pigmented specimens of Globigerinoides ruber

as well as right or left coiling populations of planktonies. The
latter feature may be useful in identifying mixed water masses
in which planktonics should show considerable heterogeneity with

respect to coiling if the water masses are of varying temperatures,

8. The Gulf of Mexico is reported (Phleger, 1961) to have a
mixed assemblage of low and middle latitude planktonic Foraminifera,
The allochthonous species which are part of this reported mixed
ﬁssemblage include some of the more abundant planktonics in the
Gulf. The homogeneity of the left-right coiling ratios of these
well-represented planktonics, howave;, indicate that they are
not a mixed middle and low latitude assemblage. There is good
evidence that the Gulf of Mexico planktonic fauna is composed
of allochthonous and autochthonous assemblages. The allochthonous
species are, however, the poorly represented species instead of
the abundant types and include many species whioh, because of
their small size and low frequency, are previously undescribed

from the Gulf of Mexico,



Systematics

Studies of the distribution of living Foraminifera conducted
over the past ten years have had considerable effect on the
taxonomy of these organisms, One of the major contributions of these
studies has been the evidence that many previously recognized species
are ecophenotypes of other species, Most of these ecophenotypes have
been designated as separate species or even genera by authors
because undue taxonomic significance was attached to a secondary
feature of the test, Many of these features have been discussed
in this study including color, coiling, bullae, spines, secondary
calcification, aberrant chambers, and others, Because many of these
ecophenotypes have since been placed in synonymy, the number of
recognized species of living planktonic Foraminifera has been
reduced from about fifty to thirty. Whilé many of the planktonic
species were placed in synonymy (Parker, 19&2), some of the planktonic
Foraminiferal genera have been subdivided, One example of this is
the genus Globigerina which has been subdivided by suthors into

Globigerina, Globigerinella, Globoquadrina, Globigerinita, and

Globigerinoides in recent assemblages, Some of the characters

utilized to define these new genera include mode of coiling
(planispiral, trochospiral), supplementary apertures, spines and
bullae, Purther studies on the ontogeny and distribution of
planktonics may demonstrate deficiencies of these features as
generic characters, With some exceptions, Foreminifera identified in
the course of this study have been classified after the format

given by Parker (1962),
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Order Foraminifera

Family Globigerinidee Carpenter, Parker and Jones, 1862

Genus Globigerina D'Orbigny, 1826

Type species Globigerina bulloides D'Orbigny, 1826

Globigerina bulloides D'Orbigny
Plate 2, figure 10 a-c

1791, "Polymorphium fuberosa et Globuliderae" Soldani, A,

(partim) Testaceographiae ac Zoophytogrephise, vol,1l, pt.Z2,

P.117, pl.123, fig.1l0 only,

1828, Globigerina bulloides D'Orbigny, Ann, Soi, Nat,, ser,l,

vol,7, p.277.

1884, Globigerina bulloides D'Orbigny, Brady., Rept, Voyage Challenger,

Zool,, vol,9, p.b693, p1;+9, fig.?n;o.

1924, Globigerina bulloides D'Orbigny, Cushmen, U,S, Natl, Mus,

Bull. 104, p.7. pl.z. fig.1-4.

1941, Globigerina bulloides D'Orbigny, Cushman, Contr, Cushman

L&b. FOI‘.JI. ROI., 701017. pt.z' pcae-sg. pl.lo' fis.l-ao

1847, Globigerina bulloides D'Orbigny, Phleger, et al. Rept,

Swedish Deep Sea Expod.,bvol.VII, no.l, p.l1l1, pl.l, fig.3,4,7,8.

1960, Globigerina bulloides D'Orbigny, Natland, G.S.A. Memoir 43,

p.se. pl.lo' ris.z“o.

1951, Globigerina bulloides D'Orbigny, Phleger, G.S,A. Memoir 486,

P.34, pl.19, fig.6,7.

106



1957,

1958,

1958,

1959,

1969,

1959,

1959,

1960,

1960,

1961,
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Globigerina bulloides D'Orbigny, Bolli, Loeblich and Tappan.

U.S, Natl, Mus, Bull, 215, p.31l, pl.4, fig.la-c,

Globigerina bulloides D'Orbigny, Parker, Rept. Swedish Deep

Sea Exped., vol.8, no.4,‘p.276, pl.5, fig.1,2,3,4,

Globigerina bulloides D!Orbigny, Drooger and Kaasschieter,

Verhandelungen der Koninklijke Nederlandse Akad, van Weten-
schappen, eerste reeks, del XXII. Reports of the Orinoco Shelf

Exped., vol.IV, p.B4, pl.4, fig.163 pl.5, fig.3,

Globigerina sp, Bradshaw, Contr, Cush, Found., Foram. Res.

vol,10, pt.2, p.38, pl.6, fig.24,25,

Globigerina bulloides D'Orbigny, Bé., Micropaleo,, vol.5,

no.l, pl.1l, figs,15-17,

Globigerina bulloides D'Orbigny, Blow, Bull, Amer, Paleo.,

vol.39, 10,178, p.175, pl.9, fig.38a-o.

Globigerina bulloides D!'Orbigny, Bradshaw, Comtr, Cush,

Found, Foram, Res., vol.10, pt.2, p.33, pl.6, fig.l-5.

Globigerina bulloides D!'Orbigny, Phleger, Ecol., and Distr,

of Recent Foram., p.223, pl.10.

Globigerina bulloides D'Orbigny, Banner and Blow, Contr,

Cushman Foram. Res., vol;ll, pl.l, p.3; pl.l, fig.l,4.

Globigerina bulloides D'Orbigmy, Andersen, Louisiana Geol.

Survey Geol, Bull, no,36, p.119, pl,27, fig.la=b,
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1962, Globigerina bulloides D'Orbigny, Parker, Micropaleo., vol.8,

nO.z, p.221’ plol. fig.l‘a.

1962. Globigerina calida Parker, Micropaleo., vol.8, no.2, p.221,

,1.1. figﬂ.g-s. 15.

1963, Globigerina bulloides Smith. Contr. Cush, Found., Foram.

Res., vol,14, pt.1l, p.2, pl.l, fig.l-4.

Globigerina bulloides was present in considerable percentages

in all the samples examined in this study. Parker's (1962) Globigerina
calida was included in synonymy here as was Bradsﬁaw's (1959)

Globigerina 8p. Parker (1962) distinguishes G. calida from G. bulloides

by the more radial elongation of the final chambers in G. calida and

by the less hispid, thinner wall in G. calida. Both the chamber

elongation and wall texture and thickness were found to be continuous
in their wvariation in specimens from the western Gulf of Mexico
study. As B§ (1959) has pointed out, juvenile specimens of

E: bulloides smaller than 15 mm, in size are very difficult to

distinguish from juvepile specimens of Gibbigefiﬂellé giphonifera

(D'Orbigny). To circumvent the possible mixing of these species,

jﬁQeniles smaller than ,15mm. in the G. bulloides/Globigerinella

siphonifera morphological series were not counted. Bé (1960) has

reported a "Globigerina bulloides" juvenile stage in the ontogenetic

development-of Globigerina pachyd;rma from Arctic samples. The

cumulation of the G, Eachyderma development takes place, according
to Be, as the addition of a thickened crust of calcite over the

"Globigerina bulloides™ stage, None of the specimens identified as

g, bulloides in this lfudy exhibited any secondary thiockening of the
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test, Phleger (1960) has reported G. bulloides as sbundant in mid
latitudes, However, the species has been reported from all of the
oceans of the world as a considerable percentage of the faunas

therein,



1879,

1884,

1967,

1958,

1959,

1960,

1062,

Globigerina digitata Brady

Plate 2, figs, 7a-c, 8a-c3 Plate 3, figs. S5a-c, 6a-c

Globigerina digitata Brady. Quart, Jour. Micr, Sci., new

ger, vol.19, p.286,

Globigerina digitata Brady. Rept. Voyage Challenger, Zool.

vol.9, p.599, pl.80, figs.6-10,

Hastigerinella digitata (Brady) Loeblich, Tappan, and Bolli,

U.S. Natl, Mus, Bull, 215, p.32, pl.5, fig.3a-b,

Globigerina digiteta Brady, Parker, Repts, Swedish Deep-Sea

Exped,, vol,VIII, no.4, p.276, pl.5, fig.8.

Globorotalia (Hastigerinella) digitata (Brady), Banner and

Blow, Paleomtology, vols2, p.16, fig.ll,

Globorotalia (Beella) digitata (Brady), Banner and Blow,

Mioropaleo., +01.6, ﬁo.l, p.26, fig.ll.

Globigerins digitats Brady, Parker, Miocropaleo,, vol.8,

no,2, p.222, pl.l1, f£ig.20-26,

This species was rare in the western Gulf of Mexioco except

in shelf samples, Jones (1965) did not report this species from

the Caribbean area although it has been reported by Rhumbler

(1911) and Brady (1897) from equatorial stations in the Atlantio,

In the Paocifioc, the species has what appears to be a scattered

and disjunct distribution whioch is probably due to its pauweity

in the samples examined, Parker (1968) has reported the species
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from the eastern Mediterranean in percentages as high as five
percent of the total planktonic fauna, Many of the specimens counted

have a previously unreported bulla on the umbilical side



1861.

1872,

1878,

1881,

1953,

1669,

1969,

1960,

1960,

1961,

Globigerina pachyderma (Ehrenberg)

Plate 2, figs, 5a-c

Aristefospira pachyderma Ehrenberg. K, Preuss, Akad, Wiss,

Berlin, Monatsber, p.276, 277, 303.

Aristerospira pachyderma Ehrenberg., K. Preuss., Akad, Wiss,

Abh, Jahrg. 1873, pl.l, fig.4.

Globigerina bulloides D'Orbigny; var. borealis, Brady.

Ann, Mag, Nat. Hist., ser.5, vol.l, p.435, pl.2l, fig.10.

Globigerina bulloides D'Orbigny; Arctie variety, Brady.

Ann, Mag, Nat, Hist,, ser.,5, vol.l, no.48, p.412,

Globigerina pachyderma Phleger et al. Rept. Swedish Deep-

S8ea Exped,, vol,VII, no,l, p,13, pl,1, figs.17, 18, 19,

Globigerina pachyderma (Ehrenberg), B, Mioropaleo,, vol,5,
no,1, pl.l, fig.23-24,

Globigerina pachyderma (Ehrenberg), Bradshaw, Contr, Cush,

Found, Foram, Res,, vol.io, pt.2, p.36, pl.6, figs,20=23,

Globigerina pachyderma (Bhrenberg), Phleger. Ecol, and

Distr, of Recent Foram., p.223, text plate 10.

Globigerina pachyderma (Ehrenberg), Banner and Blow,

Cushman Found, Foram, Res, Contr., vol.ll, p.4, pl.3, fig.4.

Globigerina incompta OCifelli, OCushman Found, Forsm. Res,

Contr,, vol.12, p.84, pl.4, fig.l-7,
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1962, Globigerina pachyderma (Ehrenberg), Parker, Micropaleo.,

vol.8, no.2, p.224, pl.l, fig.26-35; pl.2, fig.l-6,

1963, Globigerina pachyderma (Ehremberg), Smith., Contr. Cushman

Found, Forem, Res., vol.l4, pt.l, p.2, figs.156-18,

Specimens of Globigerina pachyderma (Ehrenberg) counted in the

course of the present study have a auboiroﬁlar outline rather than
the quadrate outline common in many Arctic specimens (86, 19&03
Bandy, 1950). The species only occurred rarely in the samples
examined, Jones (1965) has reported this species as rare in the
Caribbean area, Phleger (1960) reports the species as characteristic
at high and middle latitudes, Bradshaw (1959) reports the species in
the Pacific north of latitude 40° N, and the species was reported
by Parker (1953) as very rare south of latitude 200 ¥ in the
Xtlantioc, B

vl number of authors have suggested that G, Bachzdefhi lives
at depths greater than 100 m, in temperate latitudes on the basis of
specimens atudied”from bottom sediments, At the present time, there
is insufficient data from plankton tows at such depths to test
this hypothesis effectively,

In a recent paper Be (19;0) has suggested that reports of

Globigérina bulloides from Arctic waters in reality concern Jjuvenile

speoimens of G, pachyderma without the thickened test characteristic

of _C_}_. Eachzdorma.



Globigerina rubescens Hofker

Plate 2, fig.38-c

1956, Globigerina rubescens Hofker, Copenhagen Univ,., Zool, Mus,

Spolia, vol.15, p.234, pl.35, figs.18-21.

1962, GlobigerinA rubescens Hofker, Parker, Micropaleo., vol.8,

no.2, p.226, pl.2, fig.17-18,

1966, Globigerina rubescens Hofker, Bé. Living planktonic

foraminifera in the South Atlantic, paper delivered 6lst Ann,

Meeting, A,A,P,G,

This species is rare in the western Gulf of Mexico, It is
oasily distinguished by its light orange color, However, Parker
(19;2) reported some colorless specimens from colder areas in
the Pacific, Because of its small sisze and similarity to juveniles
of other species, the colorless specimens of this species have
doubtless been frequently overlooked in plankton studies, The rare
ocourrence of this species was reported in the north and south
Pacific by Parker (1962) and by Bé (1966) in his preliminary work
on south Atlantic faunal. This lpooion_il previously unreported from

the Caribbean area of the Gulf of Mexioco,
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Genus Globigerinella Cushman, 1927

Type species Globigerina siphonifera D'Orbigny, 1839

Globigerinella siphonifera (D'Orbigny)
Plate 2, figure lba-c

1839, Globigerina siphonifera D'Orbigny. In de la Sagra Hist,

Phys, Pol, Nat, Cuba 'foréﬁinifers”, P.83, pl.4, fig.15-18,

1879, Globigerina aequilateralis Brady. Quart., Jour, Micr, Sci.,

New ser.,, vol.1l9, p.285,

1884, Globigerina aequilateralis Brady. Rept. Voyage Challenger,

Zool., vol.9, p.605, pl.80, fig.18-21,

1917, Globigerina aequilateralis Brady; var, involuta, Cushman

U.,S. Natl, Mus, Proc,, vol.15, no,2172, p.662,

1921, Globigerina eequilateralis Brady, Cushman, U,S, Natl, Mus,

Bull., no.100, vol.4, p.293, fig.ll.

1953, Globigerinella sequilateralis (Brady), Phleger et al.

Repts, Swedish Deep-Sea Exped., vol,VII, no.,l, p.l1l6, pl.2,

figs.,9, 10, 11,

19567, HAutigerina aequilaﬁeralia (Brady), Loeblich éﬁ.ﬁl’ U.S.

Natl. Mus, Bull,215, p.29, pl.3, fig.4a,b.

1958, Globigerinella aequilateralis (Brady), Parker, Rept,

Swedish Deep-Sea Exped,, vol,VIII, no.4, p.278, pl.8, fig.5,6.
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1959, Globigerinella mequilateralis (Brady), Bé. Micropaleo.,

vol.5, no.l, p.98, pl.l, figs.19, 20 and 27.

1960, Globigerinella aequilateralis (Brady), Phleger, Ecol. and

Distr, of Recent Foranm,, p.225,ip1.10.

1960, Hastigerina siphonifera (D'Orbigny), Parker. Miocropaleo.,

vol.6, no.l, p.22, fig.2,3.

1962, Globigerinella siphonifera (D'Orbigny), Parker, Micropaleo.,

vol.8, no.2, p.228, pl.2, figs.22-28,

Parker (1962) has subdivided this species into two "groups"
based on their morphology and occurrence in high and low iatitudes.
Specimens encountered in this study are predominantly of the "low
latitude™ type (Parker, 1962, pl.2, figs.22-26). A few of the‘"high
latitude™ types-do ococur in the western Gulf of Mexico. Because
of the diffioulty in separating juvenile specimens of G, siphonifera

from juveniles of Globigerina bulloides (BS, 1959), specimens of

these two species smaller than .,15mm, were not counted., Specimens
of G, siphonifera frequently have an aberrant diminutive final
chamber, This variant is common in the western Gulf of Mexico,
occurring in most of the samples examined except those from
shallow stations,

Bradshaw (1959) reports the species to be abundant in
tropical and warm-temperate regions, with the highest frequencies

in the equatorial regions. Brady (1884) reports the Atlantio
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distribution as between 50° N latitude and 35° 8 latitude. This
species has been used by some authors as an indicator of warm

intervals in marine core sections,



Genus Globigerinita Bronnimann, 1951

Type species Globigerinita naparimaensis Bronnimamn, 1951

Parker (1962) includes the Genus Globigerinita along with

Candeina in the Incertae Familiae., Globigerinita has been separated

from the Family Globigerinidae by Parker because she believes the

spines to be secondary in origin, although it is finely spinose

to hispid, The genus is placed in the Family Globigerinidae here

because smooth-walled specimens were not observed in this study

and because of its typically globigerine architecture and

accessory structures,

1893,

1911,

19567,

1953,

Globigerinita glutinata (Egger)

Plate 2, figure la-c3 plate 2, figﬁre 3a-0, 4a-c

Globigerina glutinata Egger., Abhandl, K, Bayer, Akad. Wiss,

Muenchen, CL II, vol,18, p.371, pl.13, figs.19-21,

Globigerina glutinata Egger, Rhumbler. Plankton Exped.

Humbolt Stift., vol.3, p.148, pl.29, figs.14-26; pl.33,

fig.20; pl.34, fig.l.

Tinophodella ambitacrena Loeblich and Tappan, Wash, Acad.

Sei, Jour,, vol.47, no.4, p.l14, figs.2-3.

Globigerinita glutinata (Egger), Phleger et al. Repts,

Swedish Deep-Sea Exped., vol.VII, no.l, p.l6, pl.2, figs.12,

13, 14, 15,
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1957, Globigerinita naparimaensis Bronnimann, Loeblich et al,

U.S, Natl, Mus, Bull. 215, p.37, pl.8, figs.la-c, 2a-c.

1958, Globigerina glutinata Egger, Drooger et al, Verhandl, der

Koninkli jke Neder, Akad, van Wetenschappen, Afd, Naturkund.,
eerste reeks, deel XXII; Foraminifera of the Orinoco-Trinidad-
Paria Shelf, Repts. of the Orinoco Shelf Exped., vol.IV, p.85,

pl.4, fig.19; pl.5, fig.17.

1958, Globigerinita naparimaensis Bronnimann, Drooger et al.

Verhandl., der Koninkli je Nedef. Akad. van-Wbtensohappen,
Afd, Naturkund,, eerste reeks, deel XXII; Repts, of the
Orinoco Shelf Exped., vol.IV, p.85, pl.4, fig.l1l8; plate 5,

fig.18,

1962, Globigerinita glutinata (Egger), Parker, Micropaleo., vol.l8,

no.2, p.246, pl.9, figs.l-6,

In the literature various authors have subdivided Globigerinita

glutinata on the presence or absence of the bulla structure., Parker
(1962) has made a strong case for dropping the bulla as a specifio

character, and her illustrations of specimens of Globigerinita

glutinata with and without the bullae support this argument,

G. glutinata was common but never abundant in samples examined from
the western Gulf of Mexico. Bradshaw (1959) has reported the species
to be more abundant in tropical regions, with one small variety of

the species ranging into subarctic water, These two varieties may
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aocount for the fact that B§ (1959) considers the species cold
tolerant, whereas Bradshaw (1959), Boltovskoy (1962) and others have
reported it to be indicative of warm water. Jones (1965)bas determined
that the species in the Caribbean area has a definate preference for
warmer water, Although specimens with the bullae structure were

common in the western Gulf of Mexico in sediments from deeper than

one hundred and fifty meters, Jones (1965) reports that in the
Caribbean area only forms without the bulla were observed. Drooger

(1958) records both bullae and non bullae forms from the Orinoco

Shelf area,



1884,

1929,

1957,

1960,

1960,

1962,

Globigerinita humilis (Brady)

Plate 2, figure 4a-c; plate 3, figure T7a-c

Truncatulina humilis Brady. Rept. Voyage Challenger, Zool.

vol.9, p.665, pt.%4, fig.7.

Globigerina cristata Heron-Allen, Earland, Jour. Royal

Micr, Soc., ser.3, vol.49, pt.4, art.27, p.331, pl.4, figs.

33=-39,

Globigerinita parkerae Loeblich and Tappan, Wash, Acad,

Sci, Jour,., vol.47, p.113, pl.l, fig.l.

Truncatulina humilis Brady, Banner and Blow, Cush, Found,

Foram., Res, Contr,, vol,1l1, p.36, pl.8, fig.l.

Globigerina cristata Heron-Allen, Earland; Banner and Blow,

Cush, Found, Foram. Res, Contr,, vol,1l1l, p.10, pl.7, fig.5.

Globigerinita humilis (Brady), Parker, Micropaleo., vol.8,

no.,2, p.249, pl.10, figs.1-25,

Although Globigerinita humilis was present in many of the

deeper samples from the western Gulf of Mexico, Jones (1965) did

not report it from the Caribbean area, Similarly Parker (1954)

does not record the species from the eastern Gulf of Mexico, nor

does Drooger (1958) record it from the Orinoco Shelf area, Parker

(1962) has reported the species to be widely distributed in the

Pacific sediments but rare in the Atlantic, Her specimens almost

120
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invariably have the final chamber with the lobed extension covering
the umbilical side. Many specimens from the western Gulf of Mexico
have no covering on the umbilical side, However, the majority of
the specimens from sediments deeper than two hundred meters have the

lobed extension,



Globigerinita uvula (Ehrenberg)

Plate 2, figure 6a-c; plate 3, figure 2a-c

1861, Pylodexia uvula Ehrenberg. K. Preuss, Akad, Wiss, Berlin,

Monaster, p.276, 308,

1872, Pylodexia uvula Ehrenberg. K. Akad, Wiss, Berlin, Abhl,,

pl.24-25,

1884, Globigerine sp. Brady. Rept. Voyage Challenger, Zool,,

vol,9, p.603, pl.82, fig.8,9.

1931, Globigerina bradyli Wiesner, "Die Foraminiferen der Deutschen

Suedpolar-Expedition, 1901-1903" (in Drygalski, "Deutsche Sued-
Polar Expedition, 1901-1903"), deGruyter, Berlin u. Leipzig,

Bd.20; Zool., Bd.12, p.133.

1933, Globigerinoides minuta Natland, Calif,, Scripps Inst,

Oceanog., Tech, Ser,, vol.3, no.lO,

1938, Globigerinoides minuta Natland, Calif. Univ., Scripps

Inst, Oceanog., Tech., ser,, vol.4, no.5, p.150, pl.7, fig.2-3.

1957, Globigerina bradyi Wiesner, Bolli, U.S. Natl, Mus, Bull,

215, p.110-111, pl.23, fig.5a-c.

1958, Globigerina bradyi Wiesner, Drooger and Kaasschieter.,

Verhandl., der Koninkli jke Neder, Akad. van Wetenscheppen,

Kfd., Naturkunde, eerste reeks, deel XXII; Reports of the
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Orinoco Shelf Exped., vol.IV, p.85, pl.4, fig.22a-c; pl.5, fig.

15&-00

1959, Globigerina bradyi Wiesner, Blow, Bull. Amer, Paleo.,

vol,39, no.178, p.173-4, pl.7, fig.36.

1960, Globigerina bradyl Wiesner, Banner and Blow, Conitr, Cush,

Found. Res., vol.XI, pt.1l, p.5, pl.3, fig.l,2.

1960, Pylodexia uvula Ehrenberg, Banner and Blow. Cush, Found,

Foram, Res, Contr.,, vol.ll, p.5, pl.3, fig.3.

1962, Globigerinita uvula (Ehrenberg), Parker, Micropaleo,, vol,.8,

no.2, p.252, pl.8, fig.14-26,

Specimens of Globigerina uvula do not occur in any of the

samples counted in frequencies greater than two percent, Although
Jones (19&5) does not report the species for the Caribbean,

Drooger (1958) has reported the sbecies from samples on the Orinoco
Shelf but notes that it only attains notable frequencies in samples

from colder water, Globigerinita uvula has been reported in the south

Pacific by Parker (1962) between latitude 40° S and latitude 63 °S,
Specimens counted in this study were almost exclusively from very
deep samples,

Although the species is small, it is easily distinguished from
jgvoniles of other species by its characteristic conical architecture.
Parker (1962) has illustrated specimens of G. uvula with a prominent

umbilical bulla, Although none of the specimens encountered in this
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study have a bulla, they are identical to Parker's specimens without

the bulla and are considered to be conspecific,



1879,

1884,

1924,

1950,

1951,

1953,

1958,

1959,

Genus Globigerinoides Cushman, 1927

Type species Globigerina ruber D'Orbigny, 1839

Globigerinoides conglobatué (Brady)
Plate 2, figure lla-c

Globigerina conglobata Brady, Quart. Jour. Micr, Sci.,

New ser,, vol.,1l9, p.286,

Globigerina conglobata Brady. Rept. Voyage Challenger,

Zool,, vol.9, pl.80, fig.l-5, pl.82, fig,5.

Globigerina conglobata Brady, Cushman, U,S. Natl, Mus., Bull,

104, p.18, pl.3, figs.B8-13.

Globigerinoides conglobata (Brady), Wiseman et al, Geol,

Kssoc, Proc., vol.61, pt.l, §;68, §1.3, figs,.8a,b,

Globigerinoides conglobata (Brady), Phleger and Parker.,

Geol, Soc. of America, Mem.46, p.35, pl.19, fig.l5.

Globigerinoides conglobata (Brady), Phleger et =al.

Rept. Swedish Deep-Sea Exped.; vol,VII, no.l, p.1l5, pl.2,

figs,1,2,3,

Globigerinoides conglobata (Brady), Parker. Rept. Swedish

Deep-Sea Exped., vol,VIII, n6.4, P.279, pl.6, fig.l1l6, 17,

Globigerinoides conglobata (Brady), Bradshaw, Cushman Found.

Foram, Res, Contr,, vol,10, pt.2, p.40, pl.7, figs.5,6.
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1959, Globigerinoides conglobatus (Brady) Bé. Micropaleo.,

vol.5, no.l, p.98, pl.2, figs.7-12.

1960. Globigerinoides conglobatus (Brady) Phleger. Ecol. and

Distr. of Recent Foram., p.223, pl.lO,

1960, Globigerina conglobata Brady, Banner and Blow, Cushman

Found, Foram, Res. Contr., vol.1ll, p.6, pl.4, fig.4.

1961, Globigerinoides conglobatus (Brady), Andersen., La. Geol.

Surv., Geol, Bull.35, pt.2, p.120, pl.27, fig.b.

1962, Globigerinoides conglobatus (Brady), Parker. Mioropalso.,

701.8' nO.z, p.zzg’ plgs’ fig.l's.

Jones (1965) reports that Caribbean specimens of this species
do not have the bulla structure which Parker (1962) has reported
from Pacific specimens, Specimens from the western Gulf of Mexico
frequently have the bullae structures, Bradshaw's (1959)

Globigerinoides sp, (p.42, pl.7, figs.16-17)ms been included in

synonymy with Globigerinoides conglobatus by Jones (1965). Bradshaw

(1959) distinguishes his Globigerinoides sp, from Globigerinoides

fubra‘by the presence of four chambers in the final whorl of

Globigerinoides sp, and by the smaller accessory apertures in

G. sp. Specimens identical to Bradshaw's G, sp. were counted as
G, ruber in this study because of specimens found having four
chambers in the final whorl as well as having small accessory

apertures which had the typical red coloration of G. ruber on the
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initial chambers.

G, conglobatus has been reported in the Pacific by Bradshaw
(1959) as limited to warm water with the greatest abundance in the
equatorial area. Brady (1884) records the limits of the species
in the Atlantic as 40° N latitude to 35° S latitude. B& (1959)

records the species in his "warm tolerant group.”

-

g ——



1877.

1879,

1884,

1924,

1941,

1951.

1953,

1960,

1958,

Globigerinoides quadrilobatus sacculifer (Brady)

Plate 2, figure 16a-b

Globigerina sacculifer Brady. Geol, Mag., new ser,,

sec,2, vol.4, no,12, p.535,

Globigerina sacculifera Brady., Quart. Jour. Mier., Sci.,

new ser,, vol.l9, p.287.>

Globigerina sacculifera Brady. Rept. Voyage Challenger,

Zool,, vol,9, p.604, pl.80, figs.,11-18; pl.82, fig.4.

Globigerina sacculifera Brady, Cushman, U.S, Natl, Mus,

Bull, 104, pl.2, p.2l, figs.l-6,

Globigerinoides sacculifera (Brady), Cushman. Am, Jour, Soi.,

v0l1.239, p.128, pl.3, fig.l.

Globigerinoides sacculifera (Brady), Phleger and Parker,

G.S.A, Mem,.46, p.35, pl.19, figs.17,18,

Globigerinoides sacculifera (Brady), Phleger et al.

Rept., Swedish Deep-Sea Exped.,-vol.VII, no.l, p.16, pl.2,

figs.5,6.

Globigerinoides sacculifera (Brady), Phleger, Ecol. and

Distr, of Recent Foram,, p.223; pl.1l0,

Globigerinoides triloba (Reuss), Drooger et al. Verhandl.

der Koninklijke Neder., Akad. van Wetenschappen, Afd., Natuur-
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kunde, eerste reeks, deel XXII; Repts. of the Orinoco Shelf

Bxped.,, vol.IV, p.83, pl.5, fig.8.

1958, Globigerinoides sacculifera (Brady), Drooger et al. Verhandl.

der Koninklijke Neder, Akad, van Wetenschappen, Afd, Naturkunde,
eerste reeks, deel XXII3; Repts, of the Orinoco Shelf Exped.,

vol,IV, p.83, pl.5, fig,.9.

1959, Globigerinoides sacoulifera (Brady), Be. Micropaleo,,

vol,5, no,l, p.98, figs,13-15,

1959, Globigerinoides saocculifera (Brady), Bradshaw, Contr,

Cushman Found, Foram., Res,, vol.10, pt.2, p.42, pl.7, figs.l4,

15, 18,

1960, Globigerina sacculifera Brady, Banner and Blow, Cushman

Lab, Foram, Res,, Contr,, vol,ll, p.21, pl.4, figs.l,2,

1962, Globigerinoides quadrilobatus sacculifer (Brady), Parker,

Mioropaleo,, vol.8, no,2, p.229, pl,.3, figs,6-10,

1965, Sphaeroidinella dehiscens (Brady), Bé., Mioropaleo,, vol,ll,

no,l, p.81, figs,4-8,

Following Bé's (1965) conclusion that Sphaeroidinella dehiscens

1s a deep-water variant of Globigerinoides sacoculifer, his figured

specimens of S, dehiscens are placed in synonymy here, The process
involving acetate peels and electron micrographs which Be uses

to arrive st his conclusion ubout.g. dehiscens is evidence that
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other specimens of S. dehiscens figured in the existing literature

cannot now be placed in synonymy with Globigerinoides sacculifer.,

Just as "Orbulina universa" has been shown by Bandy (1966) to be

a reproductive or resting étage for a number of species of planktonic

foraminifera, "Sphaeroidinella dehiscens” may represent the deep-water,

thickened stage of other species as well as Globigerinoides sacculifer,

G, triloba of authors has been included in snyonymy here as Bé (1966)

has shown this "species™ to be a juvenile stage of Globigerinoides

sacoulifer without a sac.

Much variability was observed in G. sacculifer, particularly in
the size and configuration of the sac, This variation will be
considered in a later section.

- G, sacculifer has been recorded from all of the world's oceans,
Phleger (1960) reports that the species is common in middle
letitudes with the highest frequencies in the Gulf of Mexico., Brady
(1884) reports the Atlantic distribution to be from latitude 79° 20' N
to latitude 46° 46' S, Bradshaw (1959) has reported the Pacific
distribution of the species as most abundant between 40° N latitude
and 20° N latitude, Coiling in this species is greater than 95 percent

right in the western Gulf of Mexico.



Globigerinoides ruber (D'Orbigny)

Plate 2, figure 12a-c, 142-c.

1839, Globigerina rubra D'Orbigny. In de la Sagra, Hist. Phys.

Pol., Nat. Cuba "Foraminiferes", p.82, vol.8, pl.4, figs.l2-14,

1924, Globigerina rubra D!'Orbigny, Cushman, U.S. Natl, Mus, Bull.

104, p.15, pl.3, figs.4-T.

1941, Globigerinoides rubra (D'Orbigny), Cushman. Amer, Jour, Sci.,

vol.239, p.128, pl.3, fig.3.

1950, Globigerinoides cyclostoma (Galloway and Wissler), Natland.

G.S.A. Memo 43. p.36’ p1.10, fig3.4&’b,c.

1951, Globigerinoides rubra (D'Orbigny),‘Phleger and Parker,

G.S.A. Mem, 46, p.35, pl.19, fig.l16.

1953, Globigerinoides rubra (D'Orbigny), Phleger et al. Repts.

Swedish Deep-Sea Exped., vol.VII, no.,l, p.1l5, pl.2, figs.4-7.

1957, Globigerinoides rubra (D'Orbigny), Loeblich et al.

U.S. Natl, Mus, Bull.215, p.32, pl.4, fig.2a-c.

1958, Globigerinoides cyclostoma (Galloway and Wissler), Drooger

et al, Verhandl, der Koninklijke Neder, Akad. van Wetenschappen,
Afd,, Natuurkunde, eerste reeks, Deel XXIIj; Repts., of the

Orinoco Shelf Exped., vol.IV, p.82, pl.5, fig.7.

1958, Globigerinoides rubra (D'Orbigny), Drooger et al, Verhandl,
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der Koninklijke Neder., Akad., van Wetenschappen Afd. Natuurkunde,
eerste reeks, deel XXII; Repts. of the Orinoco Shelf Exped.,

vol,IV, p.83, pl.5, fig.lO0,

1958, Globigerinoides rubra (D'Orbigny), Parker. Repts. Swedish

Deep-Sea Bxped., Vol.VIII, no.4, p.279, pl.6, fig.l2,

1959, Globigerinoides rubra (D'Orbigny), Bé. Micropaleo,, vol.5,

no.1, p.98, pl.2, fig.16-17,

1959, Globigerinoides rubra (D'Orbigny), Bradshaw, Contr, Cushman

Found, Forem, Res,, vol.10, pt.2, p.42, pl.7, figs.12,13,

1960, Globigerinoides rubra (D'Orbigny), Phleger., Ecol. and

Distr, of Recent Foram,, p.223, pl.10.

1960, Globigerina rubra D'Orbigny, Banner and Blow, Cushman Found,

Foram, Res, Comtr., vol.11, p.19, pl.3, fig.8.

1961, Globigerinoides rubra (D'Orbigny), Andersen. La. Geol, Surv.,

Geol, Bull,35, pt.2, p.120, pl.27, fig.4a,b,

1962, Globigerinoides ruber (D'Orbigny), Parker, Micropaleo.,

vol,8, no,2, p.230, pl.3, fig.ll-14,

S8pecimens of Globigerinoides ruber encountered in this study

correspond only to Parker's (1962) groups 1 and 2, The 3rd group
of G. ruber recognized by Parker (1962) from Pacific samples

corresponds to her Globigerinoides pyramidalis, van den Broeck,
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which Parker described from Mediterranean samples (Parker, 1958),
The latter type is characterized by a high conical structure and
by small supplementary apertures. Western Gulf of Mexico specimens
of G. ruber are characterized by large apertural openings and a
low spire, Jones (1965) reports the G. pyremidalis variety of this
species from the Caribbean., Similarly, Drooger (1958) reports the
same variety from the Orinoco area., Color variation was tabulated
in this species as 1, "colorless", 2, Colored (red) throughout and
3., colored red on the initial chambers only. In addition, many specimens
have bullae covering the umbilical as well as the supplementary
apertures,

G. ruber was the most abundant species in the area studied.
The species is reported by Brady (1884) between latitude 49° N and
latitude 3&0 § in the Atlanfic, with the highest concentration in the
tropical area, Phleger (1953) reports the highest frequencies for the
species in the Gulf of Mexico. Bradshaw (1959) and Parker (1960) report
the species throughout the tropioal and femperate Pacific, with the

greatest concentration in the equatorial waters,



Genus Globoquadrina Finlay, 1947

Type species Globorotalia dehiscens Chapman, Parr and Collins, 1934

1826,

1839.

1898,

1901,

1901,

1941.

1961,

1953,

Globoquadrina dutertrei (D'Orbigny)

Plate 2, figure 9a-c

Globigerina rotundata D'Orbigny. Ann, Sci,, Nat, ser.l,

vol.7, p.277, no.6.

Globigerina dutertrei D'Orbigny. In de la Sagra, Hist,

Phys, Pol, Nat, Cuba Foraminiferes, p.84, vol.8, pl.4, fig.

19-21,

Globigerina rotundata D'Orbigny, Fornasini, Pal, Italica,

vol.4, p.208, fig.3.

Globigerina eggeri Rhumbler. In Brandt Nordisches Plankton,

Lief, no.l, no,.l4, p.19, fig.20,

Globigerina suboretacea Lomnicki., Naturf, Ver, Berlin,

Bd® (1900), p.17, pl.82, fig.10.

Globigerina conglomerata Schwager, Cushman, Amer, Jour. Sci.

v0l.239, p.128, pl.1l, fig.3.

Globigerina eggeri Rhumbler, Phleger, Parker. G.S.A. Mem.46,

p.34, pl.19, fig.8,9.

Globigerina eggeri Rhumbler, Phleger et al., Repts, Swedish

Deep-Sea Exped,, vol,V1I, no.l, p.l2, pl.l, figs.ll,12,
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1958, Globigerina eggeri Rhumbler, Drooger et al. Verhandl, der

Koninkli jke Neder. Akad. van Wetenschappen, Afd, Natuurkunde,
eerste reeks, deel XXII; Repts. of the Orinoco Shelf Exped.,

vol,IV, p.84, pl.5, fig.l.

1958, Globigerina eggeri Rhumbler, Parker, Repts, Swedish Deep-

Sea Exped., vol.VIII, no.4, p.277, pl.5, fig.7.

1959, Globigerina eggeri Rhumbler, B§. Micropaleo., vol.5, no.l,

p.98, pl.2, figs.l-3.

1959. Globigerina eggeri Rhumbler, Bradshaw, Contr, Cushman Found,

Foram. Res., vol.10, pt.2, p.35, pl.6, figs.5,10.

1960, Globigerina eggeri Rhumbler, Phleger. Ecol. and Distr, of

Recent Foram., p.223, pl.l0.

1960, Globigerina rotundata D'Orbigny, Banner and Blow, Cushman

Found, Foram, Res, Contr., vol.ll, p.19, pl.2, fig.Z2.

1962, Globoquadrina dutertrei (D'Orbigny), Parker., Micropaleo.,

vol.8, no.2, p.242, pl.?,Afig.l-ls;_pl.a, fig.l-4,

1963, Globigerina eggeri Rhumbler, Smith., Contr. Cushman Found,

FO!‘am. Res., 701.14, pt.l’ pol, pl.z, figsoa"llo

Globoquadrina dutertrei (D'Orbigny) was five to ten percent of

most of the planktonic faunas examined in the course of this study.

Twelve to thirty percent of the specimens of this species exhibited a

considerable difference in size between the peniultimate and ultimate
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chambers so that the ultimate chamber was diminutive., Specimens with
a diminutive final chamber were evenly dispersed throughout the
bathymetric profile in sediments deeper than one hundred and ten meters,
Phleger (19&0) has reported this species to be most abundant in low
latitudes, In the North Atlantic, Phleger (1953) reports the species
between 0° latitude and 60° N latitude. Bradshaw (1959) reports the
species in the Pacific between 0° latitude and 45° N latitude, with
his highest concentrations around 40° N latitude. Parker (1960)
reports the species as widespread in the southeast Pacific. The
apparent disparity in the temperature preference of this form, as
reported in the published literature, is largely due to the taxonomic
oonfusion that has existed between this species and Globigerina

conglomerata, Globigerina eggeri, and Globigerina incompta, as well

as to the apparent morphological intergrade between this species and

Globigerina pachyderma, Smith (1963),




Genus Globorotalia Cushman, 1927

Type species Pulvinulina menardii (D'Orbigny) var. tumida Brady, 1877

1884.

1927,

1949,

1961,

1953,

1956,

1959,

1961,

Globorotalia crassaformis (Galloway and Wissler)

Plate 1, figure 7a-c, 8a-c

Pulvinulina crassa (D'Orbigny), Brady. (not Rotalia crassa,

D'Orbigny). Rept. Voyage Challenger, Zool., vol.9, p.694,

pl.103, figs,.11-13.

Globigerina crassaformis Galloway and Wissler., Jour, Paleo.,

vol.,l, p.41, pl.7, fig.l2,

Globorotalia (Turborotalia) oceanica Cushman and Bermudez.,

Cushman Lab, Foram, Res, Contr., vol.25, p.43, pl.8, fig.13-15.

Globorotalia punctulata (D'Orbigny), Phleger and Parker,

G.s.A’l Mem. 46’ p.se’ pl.zo' fig.3-7.

Globorotalia punctulata (Fornasini), Phleger, Parker and

Pierson., Swedish Deep-Sea Exped., Repts, vol,VII, fasc.l,

P.20, pl.4, figs.8-12,

Globorotalia punoticulata (D'Orbigny), Bandy., U.S.G.S,

Prof, Paper 274 G, p.194, pl.31, figs.la-c,

Globorotalia punctulata (D'Orbigny), Be. Micropaleo.,

vol,5, no.1l, p.98, pl.l, figs.9-11,

Globorotalia (Truncorotalia) of. G. hirsuta (D'Orbigny),

Andersen, La., Geol, Surv,, Geol, Bull,.35, pt.2, p.ll7,
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pl.26, figs.2a-c,

1962, Globorotalia crassaformis (Galloway and Wissler), Parker,

Globorotalia crassaformis was rare in the western Gulf of

Mexico, Those specimens counted, howsver, did exhibit the typical
secondary thickening of the test which is characteristic of the
globorotalids., Jones (1965) records the rare occurrences of a

closely related form, Globorotalia hirsuta (D'Orbigny), in the

Caribbean area. Juvenile stages of G. hirsuta are in some cases

nearly indistinguishable from Globorotalia corassaformis, However,

no specimens, juvenile or adult, of G. hirsuta were encountered
in this study.

G, ocrassaformis is reported in the North Atlantic from

0° latitude to 54° 63' N latitude with greatest concentrations near

the equator. Parker (i960) reports the species in concentrations
south of latitude 40° 8 in the Bouth Pacific. Bradshaw (1959) does
not report the species in the north and equatorial Pacific, Be
(1959) records G, crassaformis as a warm tolerant species,

The species has been subdivided in the literature into

variants based on the sharpness of the keel and the general outline

of the test, These features are functions of the thickness of the

secondary thickening of the test and are therefore not of taxonomio

value,

M
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1826,

1826.

1826.

1839,

1865.

1902,

19086,

1941,

1961,

Globorotalia cultrata (D'Orbigny)

Plate 1, figures 11a-c,412a-o

Rotalia (Rotalie) menardii D'Orbigny. Ann. Sci. Nat.,

ser.1l, vol.7, p.273, no.26.

Rotalia limbata D'Orbigny. Ann, Sci, Nat,, ser.l, vol.7,

P.274, no,30.

ire W
n

Rotalia nitida D'Orbigny. Ann, Sci, Nat., ser.l, vol.7,

P.274, no,3l. . e~

Rotalia (Rotalina) cultrata D'Orbigny. In de la Sagra,

Hist, Phys. Pol, Nat, Cuba "Foraminiferes", p.76, wl.8,

pl.5, figs.7-9,

Rotalia menardii Parker, Jones and Brady. Ann, Mag,

Nat, Hist., vol.16, ser.3, p.20, pl.3, fig.81.

Rotalia limbata D'Orbigny, Fornasini, R. Accad. Sci,

Inst., Bologna, Mem, Sci., Nat., ser.5, vol.10, p.56, fig.55.

Rotalia nitida D'Orbigny, Fornasini. R, Accad. Sci., Imst.,

Bologna, Mem, Sci. Nat., ser.6, vol.3, p.66, pl.3, fig.4.

Globorotalia menardii (D'Orbigny), Cushman, Amer. Jour.

Sci., vol.239, p.128, pl.3, fig.2.

Globorotalia menardii (D'Orbigny), Phleger and Parker,

G.S.A. Mem,.46, p.36, pl.20, figs.1,2,
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1959,

1969.

1960,

1960.

1960,

1960.

1960.

1961,

1961.

140

Globorotalia menardii (D'Orbigny), Phleger et al.

Swedish Deep-Sea Exped., vol,VII, no.l, p.l1l9, pl.3, fig.l,2,4,5.

Globorotalia menardii (D'Orbigny), Be. Micropaleo., vol.5,

no,l, p.98, pl.l, fig.l-3.

Globorotalia menardii (D'Orbigny), Bradshaw. Contr.

Cushman Found, Foram, Réé;, vol.l0, bt.z, p.44, pl.8, fig.3,4.

Globorotalia menardii (D'Orbigny), Phleger., Ecol. and H

Distr. of Recent Foram., p.223, pl.lO,

Rotalia limbata D'Orbigny, Banner and Blow, Cushman

Found. Foram. Res. Contr., vol.ll, p.30, pl.5, fig.3.

Rotalia nitida D'Orbigny, Banner and Blow., Cushman

Fourd, Forem, Res, Comtr., vol.ll, p.33, pl.6, fig.3.

Rotalia cultrata D'Orbigny, Banner and Blow, Cushman

Found. Foram. Res._éontr., voi.ll, p.34,>p1.6, fig.l.

Rotalia menardii Parker, Jones, Brady, Banner and Blow,

Cushman Found, Foram, Rea.IContr., vwl.1ll, p.31l, pl.6, fig.2.

Globorotalia cultrata menardii (Parker, Jones, Brady),

Andersen, La. Geol, Surv,, Geol., Bull.35, pt.2, p.ll6,

pl.25, figs.l0a-c,

Globorotalia cultrata fimbriata (Brady), Andersen,

La, Geol, Surv,, Bull.35, pt.2, p.116, pl.26, figs.5a-c.
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1962, Globorotalia cultrata D'Orbigny, Parker. Micropalseo.,

vol.,8, no.2, p.235, pl.5, fig.3=5.

Globorotalia cultrata has been subdivided by various authors

by the presence or absence of the crystalline, secondary wall
thickening. Evidence is presented in this study to show that this
feature is a function of the individual specimen's habitat and
thus has no place in taxonomic considerations. The presence of

a diminutive last chamber was common in this species in samples
deeper than sixty meters,

Globorotalia cultrata is generally regarded as a warm water,

low latitude form. It is reported by Bradshaw (1959) and Parker
(19&0) between latitude 40° N and latitude 40° S in the Pacific, with
concentrations in the equatorial regions, Brady (1884) gives the
Atlantic distribution as latitude 55° 11' N to latitude 36° S,
Phleger (1953) reports the highest percentages of the species in

the Gulf of Mexico,



1839,

1924,

1961,

1953,

1968,

1958,

1959,

1961,

Globorotalia inflata (D'Orbigny)

Plate 1, figure 6a-c

Globigerina inflata D'Orbigny. In Barker-Webb and Berthelot,

Hist, Nat. Iles Canariés "Foraminiferes", vol.2, pt.2, Zool.,

p.134, pl2, figs,7-9,

Globigerina inflata D'Orbigny, Cushman, U,S. Natl, Mus,

Bull. 104, p.l2, pl.3, figs.1l,2,3.

Globigerina inflata D'Orbigny, Phleger and Parker,

G.S.A. Mem,46, p.34, pl.19, figs,10,11,

Globigerina inflata D'Orbigny, Phleger et al, Repts,

Swedish Deep-Sea Exped., vol.VII, no.l, p.13, pl.l, figs.15,16.

Globigerina inflata D'Orbigny, Drooger et al. Verhandl,

der Koninkli jke Neder, Akad, van Wetenschappen, Afd. Natuurkunde,
eerste reeks, deel XXII; Repts. of the Orinoco Shelf Exped.,

vol,IV, p.84, pl.5, fig.2.

Globigerina inflata D!Orbigny, Parker. Repts., Swedish

Deep-Sea Exped.,, vol,VIII, no.4, p.277, pl.6, figs.3.

Globigerina inflata D'Orbigny, B§, Micropaleo., vol.5,

no.l, p.98, pl.l, figs.12-14,

Globigerina inflata D'Orbigny, Bradshaw, Contr., Cushman

Found, Foram, Res,, vol.10, pt.2, p.36, pl.6, fig.16,17,18,

Globorotalia (Turborotalia) sp. Andersen, La. Geol. Surv.,

Geol, Bull.35, pt.2, p.118, pl.26, fig.la-c.
142
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1962, Globorotalia inflata D'Orbigny, Parker. Micropaleo.

vol.8, no.2, p.236, pl.5, fig.6-9.

Parker (1962) has placed this species in the Genus Globorotalia
because it lacks wéll-developed spines, The species has been similarly
placed in the Genus Globorotalia in this study.

Specimens of Globorotallia inflata in the area studied are

generally smaller in overall size (average .4mm,) than specimens

o

of the same species from the Atlantic and Pacific (average .8mm.).

Unlike most of the species of Globorotalia, G. inflata did not

exhibit the secondary thickening of the test wall, The species

is rare in the western Gulf of Mexico. Parker (1954) reports a
similar scarcity of the species in the eastern Gulf of Mexico, Jones
(1965) does not report the species from the Caribbean area, However,
Phleger (1950) reports it as abundant in middle latitudes, Bé (1959)
1ists the speéies in his "cold tolerant™ group, Parker (1960) and
Bradshaw (1959) have reported scattered occurrences of the species
in the north and south Pacific around latitude 40° S and latitude
40° N respectively with no reported occurrences in the equatorial

region,



1882,

1884,

1929,

19560.

1951,

1953,

1957,

1959,

1961,

1962,

Globorotalia scitula (Brady)

Plate 1, figure 2a-c

Pulvinulina scitula Brady. Roy. Soc. Edinburgh, Proc.,

vol.1l1l, (1880-82), no,1l11, p.716.

Pulvinulina patagonia D'Orbigny, Brady. Rept. Voyage

Challenger Zool., vol.9, p.693, pl.103, fig.T7.

-

Pulvinulina patagonia (D'Orbigny), Rhumbler, Nordische

.r_“
a4

Plankton-Foraminiferen Zool., teil 7, p.13, figs.4,5.

Globorotalia scitula (Brady), Wiseman et al. Geol. Assoc.

Proc., vol.61, pt.i, p.69, pl.3, fig.lla-c,

Globorotalia scitula (Brady), Phleger and Parker., G.S.A,

Mem.46, p.36, pl.20, figs.8,9.

Globorotalia scitula (Brady), Phleger et al. Repts,

Swedish Deep-Sea Exped., vol,VII, no.l, p.21, pl.4, fig.13,14,

Globorotalia scitula (Brady), Loeblich et al. U,S, Natl,

Mus, Bull, 215, p,120, pl.29, figs.lla-l2c.

Globorotalia scitula (Brady), Bradshaw, Contr, Cushman

Found, Forem, Res,, vol.10, pt.2, p.44, pl.8, figs,5,6.

Pulvinulina scitulea Brady, Banner and Blow, Cushman Found,

Foram, Res, Contr,, vol,1ll, p.27, pl.5, fig.5.

Globorotalia scitula (Brady), Parker, Micropaleo., vol.8,
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no.2, p.238, pl.6, fig.4-6.

Parker (1962) has reported some specimens of Globorotalia
scitula with spines from the Pacific., Only smooth-walled forms
were encountered in this study, The species was rare in the area
studied and did not exhibit the secondary thickening of the
test wall common in other species of Globorotalia from the same
area, Jones (1965) reported the species as rare in the Caribbean
area, Brady (1884) has reported the Atlantic distribution as
latitude 60° N to latitude 46° S, In the Pacific it is reported by
Bradshaw (1959) in very scattered areas from the equatorial
region to latitude 45° N and by Parker (1960) south of latitude

40° s,



1839,

1929,

1941.

1950,

1961,

1953,

1957,

1959,

Globorotalia truncatulinoides (D'Orbigny)

Plate 1, figures 3a-c, 4a-c

Rotalina truncatulinoides D'Orbigny. In Barker-Webb

and Berthelot, Hist. Nat. Iles Canaries "Foraminiferes",

vol.2, pt.2, p.123, pl.2, fig.25, 26, 27.

Pulvinmulina truncatulinoides (D'Orbigny), Rhumbler

Nordische Plankton-Foraminiferen Zool., teil 7, p.17,

figs,16-18,

Globorotalia truncatulinoides (D'Orbigny), Cushman,

Amer. Jour. Sci., vol.239, p.128, pl.4, fig.l.

Globorotalia truncatulinoides (D'Orbigny), Wiseman 22.3&!

Geol, Assoc, Proc,, vol.6l, pt.l, p.66, pl.2, fig.7a-c.

Globorotalia truncatulinoides (D'Orbigny), Phleger, Parker.

G.S.A. Mem,46, p.36, figs,10-13,

Globorotalia truncatulinoides (D'Orbigny), Phleger et al,

Swedish Deep-Sea Exped, Rept,, voi.VII, pt.l, p.22, pl.4,

figs,17,18,

Globorotalia truncatulinoides (D'Orbigny), Loeblich et al,

U.S. Natl, Mus, Bull.215, p.41, pl.10, figs.3a-c.

Globorotalia truncatulinoides (D'Orbigny), Bé. Micropaleo,

V01.5, 110.1, p¢98’ plol. figs¢5-70
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1959, Globorotalia truncatulinoides (D'Orbigny), Bradshaw.

Contr, Cushman Found, Foram, Res,, vol,10, pt.2, p.44,

pl.8, fig.7,8.

1960, Globorotalia truncatulinoides (D'Orbigny), Phleger.

Ecol, and Distr. of Recemt Foram,.,, p.243, pl.lO,

1961, Globorotalia (Truncorotalia) truncatulinoides (D'Orbignmy),

Andersen., La. Geol, Surv., Geol. Bull.35, pt.2, p.117,

pl.26, fig.3a-c,

1962, Globorotalia truncatulinoides (D'Orbigny), Parker,

Micropaleo,.,, vol.8, no.2, p.239;.§1.6, fig.7.

In addition to the secondary thickening of the test, specimens

of Globorotalia truncatulinoides exhibit wvariation in the size

of the umbilical opening and the size of the final chamber,

Populatiors of G. truncatulinoides counted in this study are

over nimety percent right coiling,

Bradshaw (1959) and Parker (1960) have recorded the Pacific
distribution of this species as two disjunct, narrow east-west
belts at latitude 30° N and latitude 30° S, Bé (1959) records the
highest Atlantic concentration of this species in the Sargasso Sea
region, Brady (1884) reports the species in the Atlantic between
latitude 79° N and 46° S. Phleger (1953) reports the highest frequen-

cies of the species in the Gulf of Mexico.



1877,

1884,

1941,

1950,

1951,

1953,

1957,

1959,

1960,

Globorotalia tumida (Brady)

Plate 1, figures 9a-c, 1l0a-c

Pulvinulina menardii (D'Orbigny) var., tumida Brady.

Geol, Mag,, ner ser, dec;z, vol.4, no.,12, p.535.

Pulvinulina tumida Brady. Rept. Voyage Challenger, Zool.,

vol.9, p.692, pl.103, figs.4-6.

. e

Globorotalia tumida (Brady), Cushman. Amer, Jowr. Sci.,

‘I

vol.239, p.128, pl.3, fig.3.

Globorotalia tumida (Brady), Wiseman et al. Geol. Assoc.

Proc., vol.61, pt.l, p.69, pl.3, figs.2a-o.

Globorotalia tumida (Brady), Phleger amd Parker. G.S.A.

Mem.46, p.36, pl.20, fig.14,15.

Globorotelia tumida (Brady), Phleger et al. Repts.

Swedish Deep-Sea Exped., voi.?, no.l, p.22, pl.3, fig.3,

6,7,8,10,11.

Globorotalia tumida (Brady), Loeblich et al. U.S. Natl,

Mus, Bull,.215, p.41, pl.10, fig,.2a-c,

Globorotalia tumida (Brady), Bradshaw., Contr, Cushman

Found, Forem., Res,, vol.10, pt.2, p.47, pl.8, fig.9-13.

Globorotalia tumida (Brady), Phleger. Ecol., and Distr.

Recent Foram., p.223, pl.lO,
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1960, Pulvinulina menardii (D'Orbigny) var. tumida Banner and

Blow, Cushman Found, Foram, Res, Contr., vol.ll1l, p.Z26,

pl.5, fig.l.

1961. Globorotalia tumida (Brady), Andersen., La. Geol. Surv.,

Geol, Bull.35, pt.2, p.116, pl.26, figs.4a-c,

1962, Globorotalia tumida (Brady), Parker, Micropaleo., vol.8,

no.2, p.239, pl.6, fig.8-10.

Most of the specimens of Globorotalia tumida counted in

the western Gulf of Mexico have a secondarily thickened test., Jonss

(1965) records this species as rare in the Caribbean area. In the

freseﬁt study the species was found to be in significant percentages

only in some of the deeper samples., Bradshaw (1959) reports
concentrations of this species in the equatorial Pacific, with
smaller percentages up to latitude 25° N in the south Pacific, It
is reported by Parker (1962) from latitude 20° N, Brady (1884)
records the species from latitude 38° N to latitude 350 S in the

Atlantic,



1839,

1876,

1884,

1924,

1929,

1957,

1958,

1959,

Genus Hastigerina Thomson, 1876
Type species Hastigerina murrayi Thomson, 1876

Hastigerina pelagica (D'Orbigny)

Plate 2, figure 17a,b

Nonionina pelagica D'Orbigny. Voyage Amer, Merid,

"Foraminiferes", vol.5, p¥.5, p.27, pl.3, figs.13-14,

Hastigerina murrayl Thomson., Roy. Soc. London, Proc.,

vol,.24, p.534, pl.22,23,

Hastigerina pelagica (D'Orbigny), Brady. Rept. Voyage

Challenger, Zool., w1l.9, p.613, pl.83, figs.1-8.

Hastigerina pelagica (D'Orbigny), Cushman, U,S,. Natl,

Mus, Bull.104, p.33, pl.6, figs.1-8,

Hastigerina pelagica (D'Orbigny), Rhumbler, Nordische

Plankton-Foraminiferen Zool,, teil 7, p.28, fig.3l.

Hastigerina murrayi Thomson, Loeblich et al., U.S. Natl.

Mus, Bull,.216, p.29, pl.3, figs.l-3,

Hastigerina pelagica (D'Orbigny), Parker. Repts., Swedish

Deep-Sea Exped,, vol,VIII, no.4, p.280, pl.6, fig.l5,

Hastigerina pelagica (D'Orbigny), B§. Micropaleo., vol.5,

no.l, p.98, pl.2, fig.21,22,
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1959, Hastigerinella rhumbleri Galloway, Bé. Micropaleo., vol.5,

no.l, p.98, pl.2, fig.23.

1959, Hastigerina pelagica (D'Orbigny), Bradshaw. Contr. Cushman

Found, Foram, Res., vol,10, pt.2, p.47, pl.8, figs.14,15,

1960, Hastigerina pelagica (D'Orbigny), Banner and Blow,

Micropaleo., vol.6, no.l, p.20, fig.l.

1961, Hastigerina pelagica (D'Orbigny), Andersen. La. Geol.

Surv., Geol., Bull.35, pt.2, pl.28, figs.3a,b.

1962, Hastigerina pelagica (D'Orbigny), Parker. Micropaleo.,

vol.8, no.2, p.228,

Jones (1965) and Parker (1962) both note the disparity

between the high number of speéimens of Hastigerina pelagica in

the plankton tows amd the low nmumber found in the bottom sediments
of the Caribbean and Pacific regions respectively, These authors
have suggested that the specimens have been destroyed by abrasion
and/br solution in bottom sediments due to the fragility of the
test. Specimens encountered in this study were often broken, but
no solution of the test was evidenmt, Jones (1965) has included

B&'s (1959) figure of Hastigerinella rhumbleri, Galloway, in

syﬁon&my with Globigerinella adamsi; however, ths former species

lacks the characteristic pointed, distal terminations on the
ultimate and peniultimate chambers as illustrated by Parker (1962).

A complete gradation was evident between the elongate chambered
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"Hastigerinella rhumbleri" form and the compressed chambered

"Hastigerina pelagica". Thus, H, rhumbleri is included in synonymy

here with H. pelagica. Parker (1962) and Bradshaw (1959) report
the species from the Pacific between latitude 40° N and latitude
50° 8 with the highest concentratioms around latitude 40° S and
latitude 30° N, It has been reported in the Atlantic by Be (1959)
as a warm tolerant species with highest concentrations south of

latitude 40° N,



Genus Orbulina D'Orbigny, 1839

Type species Orbulina uni\-rersa D'Orbigny, 1839

Orbulina universa D'Orbigny

Plate 2, figure 13a,b

1839, "Orbulina universa" D'Orbigny. In de la Sagra Hist.

Phys. Pol. Nat, Cuba, "Foraminiferes", p.3, vol.8, pl.l,

fig.l.

‘I

Bandy (1966) has illustrated a number of broken specimens of

"Orbulina universa" with juvenile specimens of Globigerinoides

sacculifera, Globigerina bulloides and Globigerinoides conglobatus

as internal ontogenetic stages, Because this seems to be conclusive
evidence of polyphyly in Orbulina, no snyonymy is presented here
for lack of a technique of distinguishing the wvarious species of

Orbulina without internal juvenile stages., Orbulina spp., has

been considered in this study as a single species,

Only two percent of the specimens examined in this study contained
an internal globigerine chember (see plate 2, fig.13a). The
thickness of the Orbulina test wall varied greatly, but the
distribution of thick and thin-walled specimens appears to be

random with respect to depth,
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1862,

1865,

1924,

1941.

1950,

1951,

1953,

1957,

Genus Pulleniatina Cushman, 1927

species Pulleniatina obliquiloculata Parker and Jones, 1865

Pulleniatina obliquiloculata (Parker and Jones)

Plate 1, figure 5a-c

Pullenia obliquiloculata Parker and Jones, In Carpenter,

Introd, Foram.,, p.183.

Pullenia sphaeroides (D'Orbigny) var, obliquiloculata

Parker and Jones, Roy. Soc., London, Philos, Trans,, vol,

155, p.365, pl.19, fig.4a-b.

Pullenia obliquiloculata Parker and Jones, Cushman,

U.S, Natl, Mus, Bull.104, p.43, pl.8, fig.1l0a,b,

Pulleniatina obliquiloculata (Parker and Jones), Cushman,

Amer, Jour, Sci., vol1l,239, p.128, pl.4, fig.3.

Pulleniatina obliquiloculata (Parker and Jones), Wiseman EE

al, Geol, Assoc, Proc,, vol,61, pt.1l, p.69, pl.3, fig.7.

Pulleniatina obliquiloculata (Pgrker andAJones), Phleger and

Parker, G,S,A. Mem,.46, p.35, pl.19, figs,19,20.

Pulleniatina obliquiloculata (Parker and Jonmes), Phleger

et al, Repts, Swedish Deep-Sea Exped., vol.VII, no.l,

p.17, pl.2, fig,16-18,

Pulleniatina obliqueloculata (Parker and Jones), Loeblich

et al, U.S, Natl., Mus, Bull,215, p.33, pl.4, figs.3-5.
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1959, Pulleniatina obliquiloculata (Parker and Jones), BS,

Micropaleo,, wol,5, no.l, p.98, pl.2, fig.4-6.

1959, Pulleniatina obliquiloculata (Parker and Jones), Bradshaw,

Contr, Cushman Found, Foram, Res,, wvol.10, pt.2, p.49, pl.8,

fig.19, 20.

1960, Pulleniatina obliquiloculata (Parker and Jones), Phleger.

Ecol. and Distr, Recent Foram., p.223, pl.l0.

1960, Pullenia spaheroides (D'Orbigny), var. obliquiloculata

Banner and Blow, CushmAﬁ Found.'Foram. Res, Contr., vol,ll,

p.25, pl 07, fig .4.

1962, Pulleniatina obliquiloculata (Parker and Jones), Parker.

Micropaleo.,, vol.8, no.2, p.234, pl.4, figs.13-16, 19, 22,

Parker (1962) has reported live specimens of Pulleniatina

obliquiloculata from Pacific plankton tows with thin smooth tests,

whereas specimens taken from Pacific sediments have a thick, highly
polished test. Populations of the species in the area studied were
very uniform in the foregoing respect being almost totally thick-
walled and polished in appearance. Jones (1965) reports the species
as rare in the Caribbean sediments and waters, whereas it composes
a considerable percentage of the fauna in most of the samples

taken from the eastern (Parker, 1954) and western Gulf of Mexico,

Drooger (1958) reports ?ulleniatina 6bliquiloculata as rare in

sediments from the Orinoco Shelf area. The Atlantic distribution is

reported by Phleger (1953) as highest east of Cuba and in the Gulf
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of Mexico., B¢ reports the species as cold tolerant and scattered

in the Atlantic, increasing toward the northern Gulf Stream off
North America. Phleger (1960) has characterized the species as a

low latitude form. In the Pacific Bradshaw (1959) end Parker (1960)
report the species from latitude 40° N to latitude 10° S with highest

concentrations in the equatorial region,



1839,

1924,

1929,

1941,

1953,

1957,

1959,

1959,

Incertae Familiae
Gemus Candeina D'Ordigny, 1839

Type species Candeina nitida D'Orbigny, 1839

Candeina nitida D'Orbigny

Candeimm nitida D'Orbigny., In de la Sagra, Hist. Phys.

Pol, Net, Cuba Foraminiferes, p.108, pl.2, fig.27, 28,

Candeina nitida D'Orbigny, Cusimen, U.S. Natl, Mus. Bull,

104, p.34, pl.5, fig.l.

Cendeina nitida D'Orbigny, Rhumbler. Nordische Plankton-

Foreminiferen, Zool,, teil VII, p.35, fig.33a-c.

Candeina nitida D'Orbigny, Cushman, Amer, Jour,., Sci.,

vol.239, no.2, pl.2, fig.l,

Candeina nitida D'Orbigny, Phleger, Parker and Pierson,

Repts, Swedish Deéf-Sea Exped., vol,VII, no.l, p.18, pl.2,

fig.22, 23,

Candeina nitida D'Orbigny, Bolli, Loeblich and Tappan,

U.S. Natl, Mus, Bull,215, p.35, pl.6, fig.l0a-ll,

Candeina nitida D'Orbigny, BS. Micropeleo., vol.5,

no.,l, pl.2, fig.19,20,

Candeima nitida D'Orbigny, Bradshaw, Contr, Cushman

Found, Foram., Res., vol.X, p.32, pl.7, fig.l9.
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1961, Candeina nitida D'Orbigny, Andersen., La, Dept. of Comserv,,

Geol. Surv., Geol. Bull.35, pt.2, p.122, pl.27, fig.S.

1962, Candeina nitida D'Orbigny, Parker, Micropaleo., vol,8,

no.2, p.253, pl.8, fig.27-30,

This easily recognized species was rare in the western Gulf of
Mexico, Parker (1962) has placed the Genus Candeina in Incertae
Familiae because it lacks the coarse perforations of spinose wall
which is characteristic of the globigerines. Bolli, Loeblich and

Tappan (1957) report that Candeina nitida passes through a

"Globigerina™ (single aperture) stage, followed by a "Globigerinoides"
(mnltiple apérfure) stage in its ontogenetic development., Specimens
dissected in the pfesent study were entirely smooth-walled at all
stages of development. In view of the variability in the number of
apertures in planktonic'forms, classifications and phylogenies based
on this character seem unwarrented,

Candeina nitida has been reported from the Pacific by Bradshaw

(1959)- between latitude 30° S and latitude 40° N, Cushman (1924)
reports the species to be concentrated in the Caribbean area of the
Atlantic; however, it has been reported in small percemtages in the

north Atlantic as far as latitude 55° N,
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Plate 1
All figures X35

A1l figures view (a,c) side view; view (b) edge view

1. Candeina nitida d'Orbigny

2. Globorotalia scitula (Brady)

3, 4. Globorotalia truncatulinoides (d!'Orbigny)

fig.3. Normal specimen

fig.4. Specimen with secondary thickening

5. Pulleniatina obliquiloculata (Parker and Jones)

6. Globorotalia inflata (d'Orbigny)

7,8+ Globorotalia orassafofmis Cushman

fig.7, Normal specimen
fig.8. Specimen with secondary thickening

9,10, Globorotalia tumida (Brady)

fig.9. Normal 3pecimeﬁ'
fig.10, Specimen with secondary thickening

11, 12. Globorotalia cultrata (d'Orbigny)

fig.11. Normal specimen

fig.12, Specimen with secondary thickening
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PLATE 2




Plate 2
All figures X35
All figures view (a,c) side view; view (b) edge view
except figures 13, 16, 17, 18

1,2, Globigerinita glutinata Bronniman

fig.l. Specimen with umbilical bulla; fig.2. Specimen without
bulla

3. Globigerina rubescens Hofker

4, Globigerinita humilis (Brady)

Figure showing modified final chamber

5. Globigerina pachyderma (Ehrenberg)

6. Globigerinita uvula (Ehrenberg)

7,8. Globigerina digitata Brady

fig.7. Specimen with umbilical bulla; fig.8. Specimen without
bulla.

9. Globoquadrina dutertrei (D'Orbigny)

10, Globigerina bulloides (D'Orbigny)

11. Globigerinoides conglobatus (Brady)

12,14, Globigerinoides ruber (D'Orbigny)

fig.12, Specimen with bullae covering acessory apertures
fig.l4. Specimen without bullae

13, Orbulina universa (D'Orbigny)

fig.13. A broken épécimen showing internal "globigerine"
Jjuvenile stage

15, Globigerinella siphonifera (D!'Orbigny)

168, Globigerinoides quadrilobatus sacculifer (Brady)

a,b edge views: Specimen with skewed multiple pointed sac
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17, Hastigerina pelagica (D'Orbigny)

a, edge view; b, side view

18, "Sphaeroidinella dehiscens"

Views of G. sacculifer? showing thick secondary calcite crust
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Plate 3
All figures X55

K11 figures view (a,c) side views; view (b) edge view except fig.3

1. Globigerina rubescens Hofker

2, Globigerinita uvula (Ehrenberg)

3,4, Globigerinita glutinata Bronniman

3a,b side views; 3c edge view
fig.3 Specimen with umbilical bulla
fig.4 Specimen without bulla

5,6, Globigerina digitata Brady

fig.5. Specimen with umbilical bulla
fig.6., Specimen without bulla

7. Globigerinita humilis (Brady)

Specimen with modified final chamber

173



