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ABSTRACT 

Surface waters of the Gulf of California are derived 
from tropical equatorial water masses modified by 
considerable evaporation. As a result the living plank- 
tonic foraminiferal fauna of the southern half during 
March and April, 1959, was tropical with highest 
concentrations at entrance and lower central portion. 
Sparse faunas dominated by Globigerina bulloides and 
Globoquadrina dutertrei characterized the northern- 

most area where generally colder winter temperatures 
prevail. Abundance of Globigerinoides ruber may vary 
greatly in response to seasonal effect. Depth concen- 
trations agree with those of Berger ( 1  969).  Juvenile 
specimens of most species resemble adults. Exceptions 
are Globigerinoides conglobatus, G. sacculifer, and Pul- 
leniatina obliquiloculata. 

INTRODUCTION 

Forty-four vertical plankton tows, two surface, and 
seven horizontal tows at various depths ( 2  stations) 
were made in March and April, 1959, during the Ver- 
milion Sea Expedition in the Gulf of California (text 
fig. 1, table 1) .  They covered an area from the north- 
ern end of the Gulf to about Lat. 21"N. In view of 
well-known plankton patchiness and sampling during 
only one short season, general statements on distribu- 
tions cannot be made. Thus, the main purpose of this 
paper is to record the species Occurrences in all the 
tows as well as the percentages of living tests in the 
horizontal tows. The only previous work on living 
planktonic foraminifera in this area is that of Bradshaw 
(1959) who studied twenty-six samples collected in the 
southern half of the Gulf in September and October 
of 1952. His data are not directly comparable because 
of the difference in nets used, his tows being made 
with a meter net having openings of 0.65 mm and 
0.31 mm, whereas the present samples were taken 
with nets having openings of 0.14 mm and 0.062 mm. 
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METHODS OF COLLECTION 

Forty-three vertical tows from 0-50 m were made, 
38 with a 17 cm net (mesh openings 0.62 mm) and 
5 with a half-meter net (0.14 mm mesh openings). 
One additional tow with the 17 cm net was from about 
0-21 m. These tows were timed so that the 17 cm 
net filtered one cubic meter of water, the half-meter 
net, 10 m3, Two surface tows taken with the 17 cm 
net were not quantitative, having filtered an unknown 
amount of water. In addition, a series of horizontal 
tows (6 at one station, I at another) were taken with 
the half-meter net in the central area of the Gulf, 
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TEXT FIGURE 1 

Station locations 

sampling intervals from 10-500 m. The net was towed 
for 10 minutes at the various depths at a ship speed 
of about two knots, thus filtering about 120 m3. 

LABORATORY METHODS 

All samples were preserved in buffered formalin and 
examined wet. The total catch was first counted and 
then most specimens picked out. The difficulty of 

TABLE 1 
Station data. 
- 

North Wesf 
Station Latitude Loneirude 

~ - 
1 
2 

11 
14 
16 
18 
24 
32 
36 
41 
45 
47 
5 1  
58 
61 
63 
66 
68 
72 
75 
79 
82 
86 
90 
95 

103 
108 
115 

121 
121 
124 
125 

118 

130 
135 
152 
161 
167 
179 
183 
190 
191 
194 
203 
207 
21 5 

21 "02' 
2Im26.4' 
22-21.7' 
22O38.4' 
22"54.2' 
23-06.5' 
22"20.4' 
23 "06' 
23'3 1.5' 
23-1 1.5' 
23"35.7' 
23-45.3' 
24"13' 
24O08.3' 
24-24' 
24O38.8' 
24O07.8' 
24O24.3' 
24'50' 
ZS"10.9' 
25O07.7' 
25O26.6' 
25O46.5' 
25039.5, 
26O02.3' 
26"20' 
26"52.4' 
27O12.2' 
2697.8'  
26-16' 
26"16' 
26-18, 
26'54.5' 

28'01' 
27"32.2' 
28018.4' 
28-24.4 
2795.3' 
29"03.2' 
29" 19.7' 
29-39' 
29"42.6' 
30"03.2' 
30O44.9' 
30O22.7' 
31"15.3' 

109"OO' 
lOS"51.5' 
107"40.6' 
107"07.7' 
106"52.5' 
106-35.7' 
109 17.7' 

107'34.7' 
109-25' 
IOS"43.5' 
108'28' 
107"57.5' 
109"15.1' 
108"46.2' 
108"32' 
109"38.3' 
110'14.4' 
IOY"38' 
109 07.2' 
1 lO"25.1' 

109"32.5' 
llO"58' 
1 IO"23.2' 
11 1 ' 13.4' 
110'29, 
11 1" 13.5' 
Ill"36.9' 
IlO"37' 
IlO"37' 
109'27' 
llO"57' 

108-08' 

1 0 9 ~ 8 . 5 '  

1 1  l"18.1' 
l l l"56 .7 '  
112"ll '  
112"46' 
112"05.6' 
113"20.3' 
11 3 "08.3' 
113"56'  
113"52.3' 
113"24.8' 
113"34' 
I14"09.2' 
1 I4O18.4' 

~ 

Date 
(1959) 

~ 

2-28 
3-1 
3-2 
3-2 
3-2 
3-2 
3-4 
3-5 
3-5 
3-6 
3-7 
3-7 
3-7 
3-8 
3-9 
3-9 
3-10 
3-1 2 
3-13 
3-13 
3-14 
3-14 
3-15 
3-1 5 
3-17 
3-18 
3-19 
3-21 
3-21 
3-21 
3-22 

rime O f  
Collection 

0000 - 0030 
0355, 0500* 
0330 
Not given 
1520 
1835 
1315 
0605 
1620 
I530 
0523 - 0533 
0920 
not given 
0015 
0855 
1532 
1125 
0640 
0135 
0730 
0145 
0715 
0055 
1610 
1315 
1635 
0030, 0045* 
0050 
0605, 0630* 
IO45 
0041, 0051** 

3-23 A 0853 0903 
3-23) B10911 I 0921 

GO930 - 0940 
D-0952 - 1002 
E-lo20 - 1040 
F-1150 - 1220 

3-26 0630 
3-26 1500 
4-1 0117 
4-2 1210 
4-3 0645 
4-5 I220 
L 6  1400 
4-7 1700 
4-7 not given 
L E  0105 
4-9 0145 
4-9 0700 
4-10 0725 

. 
*First time 17 cm net tow *"First time 17 cm net tow 

Second time horizontal tow Second time half-meter net 
tow 
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Temperature (top) and salinity (bottom) at 10 m (from chant ship observations. 
Roden, 1964). Dashed lines are extrapolations based on mer- 

- 

locating such small specimens in wet samples makes 
accuracy difficult; the total counts are believed to be 
accurate to a factor of about two. Species counts were 
made from the picked specimens. This procedure was 
followed because a large proportion of the 17 cm net 

u OCT 

O C l  

samples was composed of small specimens necessi- 
tating careful examination for identification. Before 
picking, a part of each horizontal tow sample was 
stained with rose Bengal to obtain the ratio of living 
to dead specimens. 
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TABLE 2 

Species frequencies ($.) and No./m3 for vertical tows (surface 
tows at Stas. 1 and 45). Samples marked with an asterisk 
were washed through a sieve with 74 i" openings before 

counting. For 17 cm net samples, total number of specimens 
= No./m'; for half-meter net samples = 10 x Na.!rna. 

DESCRIPTION O F  AREA 

The Gulf of California is an elongate trough about 
600 miles long and 100 miles wide with several small, 
deep basins in the south-central portion ranging in 
depth from 2900-3560 m. Most of the northern part 
of the Gulf, north of Guaymas, is relatively shallow, 
less than 300 m, except for some deep basins along 
the west coast. 

Surface waters of the Gulf are derived from trop- 
ical equatorial Pacific water masses modified hy inten- 
sive evaporation (Roden and Groves, 1959). Surface 
temperatures vary considerably between seasons (text 
fig. 2). In February at 10 m they range from about 
2O'C at the mouth of the Gulf to 14°C at 29"N Lat., 
rising again to  16°C at the head of the Gulf. In 
August the range is 29-30°C. In the northern half 
of the Gulf there are strong temperature gradients in 
summer but it is believed that the water is almost iso- 
thermal in winter (Roden and Groves, 1959). Sur- 
face salinities (text fig. 2 )  are fairly uniform, hut are 
high compared to oceanic ones due to evaporation of 
the upper layers. Salinities range from about 35%,, at 
the mouth to 36%, at the head of the Gulf. In the 
northern two-thirds they are 1 to 2%,<, higher than at 
comparable latitudes west of Baja California (Roden, 

1964). According to Roden and Groves (1959) the 
average salinity of the upper 200 m shows almost no 
seasonal variation. Depending on the winds there is 
upwelling along either the eastern or the western coasts. 
In  general, a southerly wind in summer generates an 
inflowing surface current with corresponding reversc 
flow at depth. In winter the reverse is true with sur- 
face outflow and subsurface inflow, but the exchange 
is weaker than in summer. 

VERTICAL TOWS 

ABUSDANCE DISTRIBUTION 

Foraminiferal abundances for the 17 cm net tows 
were generally highest in the south-central portion of 
the Gulf (table 2 ) .  The maximum was 882/m3 at 
Station 61 near the Gulf entrance; the minimum I jm3 
at two stations in the upper Gulf. The median popula- 
tion was 88/m:L. In the southern half of the Gulf, 
south of ahout Lat. 28"N, the median was 130/mq, in 
the northern area 14/m". 

The half-meter nets generally caught fewer speci- 
mens per cubic meter of water filtered than the 17 cm 
net samples nearest them (table 2). The corresponding 
concentrations ranged from 14 to 88/m" (5 samples). 
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SPECIES DISTRIBUTION 

The most abundant species were Globigerinita glu- 
tinula and Giobigerina quinqueloba, hut both species 
were absent in the upper Gulf samples, north of Lat. 
28"N. In the northern section those with highest fre- 
quencies were Globigerina bulloides and Globoqua- 
drina dutertrei. Relatively abundant also in the lower 
Gulf were Globigerinoides sacculifer, G .  conglobatus, 
Globigerinellu siphonifera and Globorotalia anfructa, 
but G. siphonifera ranged farther north. The remain- 
ing species generally occurred at low frequencies. Spe- 
cies which occurred only a short distance north of the 
Gulf entrance were G .  adamsi, Globigerinoides ruher, 
Globigerinita uvula, Hastigerina pelagica and Globige- 
rina falconensis, the last two being rare. G .  cultrata 
was rarely caught in the 17 cm net samples. It was 
confined to the southern Gulf except for one occur- 
rence of 3% (4 specimens) taken with the half-meter 
net near the bead of the Gulf. 

HORIZONTAL TOWS 

ABUNDANCE AND SPECIES DISTRIBUTION 

Sample counts for the seven tows taken in the cen- 
tral, southern Gulf are given in table 3. The greatest 
numbers were caught at 25 m, about one-third as many 
at 10 m and one-half as many at 50 m. All specimens 
from the upper 100 meters were living, at 200 m 
about 25% and at 500 m about 5%. In the upper 
50 m the samples contain similar assemblages to those 
found in the 0-50 m vertical tows in the same general 
area. Deeper samples contain mostly Globigerina bul- 
loides, with occasional specimens of other species. The 
highest concentration of living G. bulloides was at 10 
m; those of Globoquadrina dutertrei and Globigerinoi- 
des sacculifer were at 50 rn and 25 m respectively. 
Globigerinita glutinatu had its highest frequencies from 
10-25 m. 

DISCUSSION 

The median population of 88/m" sampled by the 
17 cm net is comparable to the populations mapped by 
Bradshaw (1959) for the western part of the North 
Pacific ( l&lOO/mq), The present samples, however, 
showed a much greater range than his and the median 
population for the southern half of the Gulf, the only 
part of the Gulf included by Bradshaw, is somewhat 
higher (130/m3) than his maximum. The reason for 
this difference may he his exclusion of specimens with 

Lnll 124-125  1 C 1 D i E d  F i  

5 5010020 50 

I I I I I I I I I  

TABLE 3 

Species frequencies, No.:m' and percent living specimens for 
horizontal t o w .  

diameters smaller than 140 +. The reason for the 
sparseness of the northern populations is obscure hut 
may be related to the comparatively low temperatures 
pertaining there and the greater distance from the open 
ocean from which the Gulf populations may be replen- 
ished. Until summer collections are made, this prob- 
lem remains open. 

The relatively much larger populations collected by 
the 17 cm net than by the half-meter net suggest that 
small species and juvenile specimens were more abun- 
dant than larger species and adults. This size distri- 
bution is in agreement with the findmgs of Berger 
(1969) who analyzed the data of many workers and 
concluded that fine nets concentrated more specimens 
than coarse ones. 

As expected, many of the species (ca.  60%) are 
tropical or semitropical The absence of Globigerinu 
calida and the presence of G. bulloides are somewhat 
surprising until the distributions of these species in 
the sediments along the coasts of North and Central 
America are examined, G .  bulloides is found as far 
south as about Lat. 10"N, much farther south than it 
occurs west of the coastal regions. G .  calida occurs 
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northward in the western Pacific to about Lat. 30"N, 
but at much lower frequencies than G. bulloides. The 
latter species seems to thrive in the relatively cool, 
mixed coastal waters, which may explain its dominance 
in the cold water of the shallow northern Gulf, where 
it occurs in high percentages but small numbers. The 
absence of G. calida in the southern Gulf is harder to 
explain because it has been found west of Baja Cali- 
fornia, although not at the stations near the coast. 
Globoquadrina dutertrei, which shows somewhat simi- 
lar distributional patterns in coastal waters to G. bul- 
loides, forms with that species the entire fauna of many 
samples of the northern area. The absence of tropical 
species in the greater part of the northernmost samples 
may be due to the low winter temperatures found there. 
The only sample in the northern area which contained 
tropical species was the half-meter net sample. The 
specimens in this sample were relatively large with 
diameters >0.125 mm. The absence of juveniles of 
tropical species in the 17 cm net samples may indicate 
that although adults can survive in the area, no re- 
production takes place. a situation that could well 
be temperature controlled. Summer collections would 
clarify this point. 

Allowing for the difference in nets used, the present 
species distributions agree well with Bradshaw's (1959) 
data. One exception is the consistently high abundance 
of Globigerinoides ruber in his samples and its rarity 
in the present ones. This discrepancy may be a sea- 
sonal effect, because his samples were taken in Sep- 
tember and October. 

The distributions are also in general agreement with 
those found in the sediments of the Gulf of California 
by Bandy (1961). He found the highest populations 
in his bathyal zone (150-4000 m). He also found G. 
bulloides extending farther north than other species. 
However, he recorded high abundances of Globigerina 
pachyderma (Ehrenberg), a species absent from the 
present collections. He found tropical species scattered 
throughout the Gulf, which is to be expected, even 
though these species were absent in the northern fine 
mesh net samples taken in winter. Bandy also reported 
the presence of many more species. These differences, 
however, are not surprising since the sediments contain 
specimens accumulated throughout many seasons. 

Little conclusive evidence of depth profiles of spe- 
cies concentrations can be gleaned from the horizontal 
tow data because of the low diversity of the faunas and 
the preponderance of G. bulloides in all samples. The 
frequencies of the other species are too low to reveal 
significant difEerences. In  the upper 100 m the species 

can be roughly ranked as follows (from shallow to 
deep) : Globigerinoides sacculifer, Globigerina bulloi- 
des, Globigerinella siphonifera, Globoquadrina duter- 
trei and Pulleniatina abliquiloculata. The remaining 
species cannot be ranked, being evenly distributed 
throughout the range of depth sampled. This ranking 
seems to agree with that of Berger (1969) for tropical 
latitudes. Berger also gave an analysis of depth distri- 
bution and empty shell output of G. bulloides using 
the then unpublished data given here. Considering the 
fauna of these samples as a whole does not change 
this analysis and the reader is referred to his paper. 

ANNOTATED SPECIES LIST 

The large collections of small specimens taken by 
the 17 cm nct are well suited for the study of small 
species and the juvenile stages of larger ones. For 
example, it was possible to study early stages of 
Globigerinoides sacculifer starting with specimens as 
small as 85 p.  The advantage of studying such speci- 
mens from plankton tows is obvious since the speci- 
mens are usually translucent and much better preserved 
than those of sediment samples and are not recrystal- 
lized or sediment filled. 

Most species have not been refigured and references 
are given to earlier papers (Parker, 1962, 1967) for 
illustrations and synonymies, because the present spe- 
cies concepts are similar to the earlier ones. Scanning 
electron microscope photographs have been taken of 
the juvenile stages of a few species, especially for species 
having early stages different to  adult ones. 

GIobigerina bulloides d'orbigny. Parker, 1962, p. 
221, pl. 1, figs. 1-8. Juveniles resemble adults. 

Globigerina falconensis Blow. Parker, 1962, p. 224, 
pl. 1, figs. 14, 16-19. 

Globigerina quinqueloba Natland (PI. 1, figs. 8, 9) .  
Parker, 1962, p. 225, pl. 2, figs. 7-16. The specimens 
are usually very small and in this respect resemble the 
small tropical form found by Parker (1967, p. 151, 
pl. 18, figs. 13, 14, as G. cf. G. quinqueloba) rather 
than the larger form typical of higher latitudes. The 
specimens often differ from the tropical form in hav- 
ing a more rounded final chamber. 

Globigerina rubescens Hofker. Parker, 1962, p. 
226, pl. 2, figs. 17. 18. This species can be recognized 
by its orange-red color in early stages as small as 75 p .  
The juveniles are less high spired than adults but are 
otherwise similar. 

Globigerinella adamsi (Banner and Blow). Parker, 
1962, p. 226, pl. 2> figs. 19-21. This species is rep- 
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TEXT FIGURE 3 

Juvenile stages of Globirerimides sacculifer (Brady). Sta. 45, 
x ca. 124. USNM No. 643110 (from Parker, 1967). 

resented by small specimens which show the typical 
chamber elongation. When this elongation was not 
obvious, specimens were referred to G. siphonifera, 
perhaps erroneously in some cases. 

Globigerinella siphonifera (d’orbigny) . Parker, 
1962, p. 228, pl. 2, figs. 22-28. The specimens are 
mostly of the small globigerine form typical of early 
stages of this species. 

Globigerinitu glutinafa (Egger). Parker, 1962, p. 
246, pl. 9, figs. 1-16. Bullate specimens are rare. 
Juveniles are similar to adults. 

Globigerinifa uvula (Ehrenberg). Parker, 1962, p. 
252, pl. 8, figs. 14-26. 

Globigerinoides conglobatus (Brady) (PI. 1, figs. 
13, 14) .  Parker, 1962, p. 229, pl. 3, figs. 1-5. Juve- 
ni les are much less high spired and compact than 
adults. The specimens smaller than about 180 p have 
no secondary apertures. 

Globigerinoides ruber (d’orbigny) . Parker, 1962, 
p. 230, pl. 3, figs. 11-14; pl. 4, figs. 1-10. The speci- 
mens are of the low-latitude type with relatively large 
apertures and a low spire illustrated by Parker’s figures 
on pl. 3, figs. 11-13. Most specimens are small. 

Globigerinoides sacculifer (Brady) (PI .  1, figs, 1-7; 
text fig. 3 ) .  Parker, 1962, p. 229, pl. 3, figs. 6-10 

(as G. qirudrilobutus succulifer). This species should 
probably be referred to the genus Sphaeroidinellu, 
rather than to the polyphyletic “genus” GIobigerinoides 
(Parker, 1967). The recent work of King and Hare 
(1972) and the earlier work of B& (1965) suggest 
this relationship, the former authors through establish- 
ing affinities of their amino acid composition of S. 
dehiscens and G. sacculifer and BC by means of sec- 
tions and photomicrographs. However, B2s hypoth- 
esis for the conspecificity of the two forms is not 
borne out either by King and Hare’s work or by the 
fossil record (Parker, 1967; Blow, 1969). Most spe- 
cies referred to Globigerinoides have globigerine early 
stages with five chambers in the initial whorl. G .  sac- 
culifer has a globorotalian early stage with 6-7 cham- 
bers in the initial whorl, an extraumbilical aperture, 
a flat spiral side, and a glassy, finely perforate wall. 
Illustrated here are juvenile stages starting with speci- 
mens with a diameter of 80 p. In addition, the figures 
of Parker (1967, text fig. 5 )  are given (text fig. 3 )  to 
illustrate features not brought out in the photographs. 
Rhumbler (1911, pl. 32, as Globigerina triloba) shows 
excellent figures of these early stages. 

As yet. early stages of fossil species referred to 
Sphueroidinella (and by some authors to Sphaeroidi- 
nellopsis) have not been studied. The same is true of 
the ancestral forms of Globigerinoides sacculifer. Until 
this work is done, the genus cannot be properly defined. 

Globoquadrina dntertrei (d’orbigny). Parker, 1962, 
p. 242, pl. 7, figs. 1-13; pl. 8, figs. 1-4. Juveniles are 
similar to adults except for their umbilical-extraum- 
bilical apertures. In shape they resemble G. humerosn 
(Takayanagi and Saito). No large specimens were 
found. 

Globorotalia anfractu Parker (Pl. 1, figs. 10, 11). 
Parker, 1967, p. 175, pl. 28, figs. 3-8. Juveniles are 
similar to adults. 

Globorotalia cultratu (d’orbigny) . Parker, 1962, p. 
235, pl. 5, figs. 3-5. Early stages as small as about 
118 p were studied. The keel apparently is developed 
on the sixth or seventh chamber from the proloculus, 
and juveniles resemble adults. 

PLATE 1 

1-7 Globizeriiioides sacculifer (Brady). Spiral views of I s 1  1 Globoxmlia anfracfa Parker. Umbilical views. 10, x 
juvenile specimens, x 417. 1-3, 5-7, sta. 1: 4, sta. 45. 217; 11, x 375. Sta. I .  USNM nos. 182391, 182392. 
USNM nos. 182381-182387. 12 Pullmarina obliquilocula,a (Parker and Jones). Um- 

juvenile specimens, x 417. Sta. 45. USNM nos. 13-14 Globigerinoides conglobatus (Brady). 13, spiral view; 
182388. 182389. 14, umbilical view, x 175. Sta. 1. USNM nos. 182393, 

182394. 

8-9 G l o b i ~ e ~ i n a  quinqueloba Natland. Umbilical views of bilical view. x 217. Sta. 1 .  USNM no. 182390. 
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Hastigerina pelagica (dOrbigny j, Parker, 1962, p. 
228; Banner and Blow, 1960, p. 20, text fig. 1, as H. 
( H . )  pefagice. This species was very rare. It is pos- 
sible that some of the small forms referred to Globige- 
rinrlla siphonifera are referable to H. pelngica. 

Pulleniatina obliquiloculafn (PI. I ,  fig. 12).  Parker, 
1962, p. 234, pl. 4, figs. 13-16, 19, 22. Early stages 
resemble those of Globoquadrina dutertrei, but differ 
in the larger aperturc which extends up into the 
apertural face. A young specimen showing the 
characteristic aperture is figured. The figure also shows 
the pitted wall structure. 

As postulated by Parker (1967) on morphological 
grounds, this species is most allied to Globoquudrina. 
This hypothesized relationship has received added cor- 
roboration by King and Hare (1972 j who found that 
C. dutertrei and P .  obliqriiloculata have similar amino 
acid compositions. Banner and Blow (1967) indi- 
rectly relate P .  obliquiloculata to Globoquadrina by 
postulating the development of its ancestor, P. primalis, 
from “forms very close to, or even conspecific with” 
Globoquadrina acos!arnsis (Blow) (referred by them 
to Globorotalia), a praecursor of G. dutertrei. 
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