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RECENT FORAMINIFERA OFF CENTRAL AMERICA 

QUANTITATIVE AND QUALITATIVE ANALYSIS OF THE FAMILY BOLIVINIDAE

By PATSY B. SMITH

ABSTRACT

This paper is part one of a study of Recent foraminiferal 
faunas collected off the coast of El Salvador. The study is 
based primarily on 22 core samples taken on two traverses, from 
depths of 20 to 3,200 meters. Additional data (temperature, pH, 
oxygen, and salinity) were obtained from bottom-water samples 
and hydrographic-station samples. Nitrogen values were ob­ 
tained for the bottom samples and comparative values are taken 
from unpublished data on cores taken by the U.S. Navy vessel 
Hannibal off Nicaragua in 1935.

For this report, all Bolivinidae were picked from the samples. 
The specimens are assigned to 17 species of Bolivina (2 new, 
B. ~boltovsTfoyi and B. salvadorensis, both belonging to the sub- 
genus Loxostomum) and 1 species of Suggrunda. The species 
are described qualitatively and quantitatively. For the nine 
samples in which Bolivinidae are very abundant, statistical 
characterizations were made, showing length, width, number of 
chambers, and proloculus diameter. The data are recorded on 
univariate and bivariate diagrams, which show the growth char­ 
acteristics of species at different depths. Similar diagrams are 
given which show the variation between species in each sample.

The quantitative data indicate that (a) quantitative analysis 
assists in defining species; (b) within the area studied, samples 
from similar depths contain faunas that are similar quantita­ 
tively as well as qualitatively; (c) samples in this area repre­ 
sent indigenous deposits rather than sediments emplaced by 
downslope movements; and (d) in some species, size, shape, or 
other features vary with depth; the largest and most abundant 
forms are found at a depth of about 800-900 meters; other 
species do not vary with depth. The factors that cause varia­ 
tion with depth apparently are abundance of organic matter 
(estimated from nitrogen content), dissolved oxygen content, 
and perhaps temperature.

INTRODUCTION

This paper is the first part of a report on Recent 
foraminiferal faunas collected off the coast of El Sal­ 
vador. The Pacific coast of Central America was 
selected for study because of the need for data on the 
Recent tropical faunas of the eastern Pacific; faunas 
from that area were known to have general affinities 
with the Tertiary faunas of southern California. The 
region off El Salvador was chosen for two reasons. 
Relatively short traverses include the entire width of 
the continental shelf and slope, and the bottom deposits 
are mostly of volcanic detritus and hence are free from 
contamination by reworked fossil Foraminifera.

At the outset of work on the samples, it became clear 
that several other problems might be studied to advan­

tage. The pattern of cores allowed a check on the 
uniformity of faunas from approximately the same 
ecologic conditions. Also, the presence of living forms 
in most of the samples permitted a check on the ever- 
present possibility of large-scale transportation of dead 
specimens down the continental slope. Furthermore, 
the quantity and quality of the Foraminifera from a 
large range of depths encouraged a reexamination of 
the question: What variations can be demonstrated 
within a species from one depth to another? To help 
solve these problems, and simultaneously to demon­ 
strate the usefulness of some of the simpler quantita­ 
tive techniques in the study of Foraminifera, a statis­ 
tical study was undertaken. The family Bolivinidae 
was chosen for this purpose; specimens of this group 
are easily measured, are abundant, and occur over a 
wide depth range.
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PBEVIOUS WOBK

Foraminiferal studies relating to the area are few. 
The earliest work was done by Goes (1896) who de­ 
scribed and figured species from the Pacific coast of 
Central America. Coryell and Mossman (1942) de­ 
scribed the fauna of the Pliocene Charco Azul forma­ 
tion of Panama, which is closely related to Eecent 
faunas. Natland (1950) described the Pliocene sedi­ 
ments of the Gulf of California and included Eecent 
ranges for many species. Bandy and Arnal (1957) 
discussed the distribution of Eecent Foraminifera off 
the west coast of Central America.

Many papers describe the use of statistical methods 
in paleontology and zoology; a few of these consider 
Foraminifera. The general works found most helpful 
were Simpson and Eoe (1939), Kermack (1954), and 
Imbrie (1956).

Cushman and Todd (1941) discuss stratigraphic 
variation in a species of Bolivina. Nicol (1944) di­ 
vided Eecent Elphidiums from the Pacific coast into 
several new species and subspecies on the basis of quan­ 
titative analysis.

SAMPLING TECHNIQUE AND LABORATORY 
PROCEDURES

DESCBIPTION OF SAMPLED AREA

Sampling was done in December 1955, from the 
Scripps Institution of Oceanography vessel Spencer F. 
Baird. The area sampled (see map, fig. 1) is off the 
Gulf of Fonseca, between El Salvador and Nicaragua. 
The gulf is a large rather shallow bay, with a tide of 
about 12 feet. Several large rivers, which drain an area 
composed entirely of volcanic rocks (Williams and 
Meyer-Abich, 1955), discharge into the gulf. Many 
active or recently active volcanoes surround the bay; 
this part of Central America is one of the most vol- 
canically active areas of the world. In 1835, Conse- 
guina (Nicaragua: see map, fig. 1) erupted, spreading 
a thick blanket of ash for tens of miles over land and 
sea (Eussell, 1910, p. 158-164). The exclusively vol­ 
canic nature of the rocks eliminates the possibility of 
contamination by Foraminifera reworked from older 
marine sedimentary rocks.

SAMPLING TECHNIQUE

Two sampling traverses, nearly coincident, each 
about 100 miles long, were made across the continental 
shelf and down the continental slope (figs. 1 and 2). 
Samples were fairly evenly spaced across the shelf, and 
were taken at regularly increasing depth intervals on 
the slope. Depths were indicated by a continuously

recording fathometer; stations on the inbound traverse 
were located as nearly as possible at the same depths 
as those of the outbound traverse. Eleven core samples 
were taken on each traverse. The geographic positions 
of coring stations are given in table 1. Figures 1 and 
2 and table 1 show how closely the samples were paired.

TABLE 1. Geographic coordinates of cores

Core

C-2__ 
C-3-. 
C-4._ 
C-5__ 
C-6._ 
C-7- 
C-8__ 
C-9__ 
C-10- 
C-ll- 
C-12. 
C-13. 
C-14. 
C-15_ 
C-16_ 
C-17- 
C-18_ 
C-19. 
C-20. 
C-21. 
C-22_

USGS Location

Mf 380
Mf 381
Mf 382
Mf 383
Mf 384
Mf 385
Mf 386
Mf 387
Mf 388
Mf 389
Mf 390
Mf 391
Mf 392
Mf 393
Mf 394
Mf 395
Mf 396
Mf 397
Mf 398
Mf 399
Mf 400
Mf 401

Latitude
(N.)

13°06. 0'
12°58. 6'
12°53. 7'
12°48. 9'
12°40. 0'
12°33. 2'
12°20. 2'
12°13. 7'
12°09. 7'
12°01. 5'
11°51. 0'
11°53. 0'
12°02. 7'
12°10. 2'
12°12. 0'
12°19. 0'
12°33. 0'
12°40. 8'
12°49. 7'
12°55. 9'
13°01. 4'
13°04. 9'

Longitude
(W.)

87°48. 4'
87°51. 1'
87°53. 1'
87°54. 6'
87°57. 9'
88°00. 8'88°0a 9'
88°09. 0'
88°10. 4'
88°12. 3'
88° 16. 3'
88° 14. 2'
88° 10. 8'
88°08. 8'
88°08. 2'
88°05. 6'
88°01. 4'
87°59. 6'
87°57. 5'
87°56. 1'
87°54. 8'
87°53. 7'

On the first traverse, four stations were occupied 
for hydrographic observations, and water samples were 
taken from various depths. Bottom-water samples 
were ta-ken from the top of the core barrel. For all 
water samples, temperature, dissolved-oxygen content, 
salinity, and pH were determined by the methods de­ 
scribed in Scripps Institution of Oceanography report 
56-28 (1956).

Cores were taken with a 2-inch-diameter gravity-type 
coring device lined with a plastic liner. After coring, 
the liner containing the core was removed from the 
barrel and most of the supernatant water was siphoned 
off for analysis. The remaining water was siphoned 
off into a polyethylene bag, to which the top centimeter 
of the core was added. Methyl alcohol (TO proof) 
was added and the bag was bottled. The material in 
the bag was used for the foraminiferal studies. The 
remainder of the core was sealed into the liner and 
frozen, and was retained by Scripps Institution.

Poor cores were recovered from samples C-3, C-5, 
and C-21 because shells or coarse clastic material held 
the blades of the core-catcher apart, which caused loss 
of a part of the core. Samples C-Y and C-16 were 
taken near the break between slope and shelf, and cores 
were short with most of the fine material lost. Water 
was lost from these five samples; so no analyses could be 
made.



QUANTITATIVE AND QUALITATIVE ANALYSIS OF THE FAMILY BOLIVINIDAE A3

EL SAL V/A DOR

FIGURE 1. Index map showing the coast of Bl Salvador, Nicaragua, and Honduras, locations where samples were taken, and hydrographic stations.
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  Samples included in this report 

o Samples not included in this report
.4__3 2

20 
I

40 
I

60 80 NAUTICAL MILES 
I

FIGOBE 2. D«pth, temperature, and ehemieal profiles of bottom samples.
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HYDROGRAPHIC DATA

At the hydrographic stations, water samples were 
collected in Nansen bottles equipped with reversing 
thermometers. Temperatures of bottom-water samples 
were determined before the samples were removed 
from the core barrel. Water from the Nansen 
bottles was analyzed for salinity, chlorinity, pH, and 
dissolved oxygen content, and the same determinations 
were made on bottom samples of sufficient volume.

BOTTOM-WATER SAMPUES

Data from bottom samples are plotted on figure 2 
and listed in table 2. Bottom temperature decreases 
fairly uniformly with increase in depth, to a low value 
of 1.7° C at the greatest depth (3,200± meters). The 
pH values are irregular, with a marked minimum at 
800 meters, below which there is a sharp rise. Salinity 
shows a gradual increase with depth.

TABLE 2. Depth, temperature, and chemical data for bottom-water samples 

[Determinations by N. W. Rakestraw and D. M. Brown]

Sample

C-l._  ___    
C-2".___. ______
C-3__----__-____
C-4 1.__. ______ _.
C-5___    ____
C-6 12 . ___._.__-_
C-7________.___-
C-S 1-----...---
C-9'2___. _______
C-IO 1 ---.-------
C-ll 12_-___-_---
C-12i__.________
C-IS 1..----^.--
C-14 1.. _________
C-15'__-________
c-ie 1-.. ________
C-17 1.-- _
C-IS 1.--.-------
C-19__-________-
C-20 1-_-----___-
C-21
C-22_-__.______-

Depth (meters)

20
37
46 ±
50 ±
74 ±
80

140
450
885 ±

1,700±
3, 200 ±
3, 100 ±
1, 600 ±

800 ±
435 ±
144 ±
82 ±
64 ±
50 ±
47 ±
45
21 ±

Temperature(°C)

24
20

15

10

5
3
1.7
1. 7
3
5
7

10
17
15
15

Salinity (% )

33. 51
34. 29

34. 47

34. 8i

34. 56

34. 68
34. 60
34. 61
34.57
34. 63

34. 83
34. 64
34. 47
34. 43

Oxygen (ml per 1)

2. 35
1. 64

. 92

. 61

..30

2. 48
2. 72
1.28

. 54

. 38

. 58

. 86
1. 15
1. 22

pH

7. 95
7. 98

7.90

7.90

7.72
7. 77
7. 82
7. 87
7 7Q
7. 70
7.71

7. 86
7. 79
7. 87
7. 93

Core length 
(inches)

40
22

3
13
10
21

1
1

41
46
41
41
44
39
13

1
17
11
13
26

3
51

Type pf sediment

Green mud.
Green mud, sand.
Shells.
Silt, fine sand.
Shells.
Gray-green mud.
Sand.
Ash.
Gray-green mud.
Green mud.

Do.
Do.
Do.
Do.
Do.

Sand.
Green mud.
Marly sand.

Silty sand, shells.
Do.

Green mud.

1 Samples included in this report.
2 Hydrographic station occupied at this station.

HYDROGRAPHIC STATIONS

Temperature of water at these stations (fig. 3) shows 
an abrupt decrease between 50 and 100 meters, and 
then a slower decrease to less than 2°C for the deepest 
sample (3,200 m). All pH determinations (fig. 4) are 
above 7.5. There is an abrupt decrease at 80 or 100 
meters, probably the bottom of the light zone, then a 
slower decrease to nearly 1,000 meters, then a slow in­ 
crease. Dissolved oxygen (fig. 5) also shows an abrupt 
decrease at 80 or 100 meters (base of light zone), and 
then very low values to about 1,500 meters, then some­ 
what higher values. Salinity (fig. 6) increases sharply 
between 50 to TO meters, then falls gradually.

Seasonal variation in temperature and salinity is 
slight, as indicated by a comparison of figures 3 and 
6 with figure 7. Figure 7 shows temperature and

salinity data for two stations occupied by the Shuttle 
expedition in June 1952. Little difference can be seen 
between the data for June and those for December.

ORGANIC NITROGEN

Nitrogen analyses were made on the bottom samples 
taken off the coast of El Salvador by the micro-Kjel- 
dahl method. Nitrogen values (table 3) on the conti­ 
nental shelf range from 0.05 to 0.19 percent. Nitrogen 
percentage is higher on the slope, reaching the highest 
values (greater than 0.50 percent) near the oxygen 
minimum. Below this, values decrease averaging 0.26 
percent in the depth range of 1,700 to 3,200 meters. 
There is little correlation between grain size and nitro­ 
gen content of samples.



A6 RECENT FORAMINIFERA OFF CENTRAL AMERICA

TEMPERATURE, IN DEGREES CENTIGRADE

30
C-6

20 10 30
Ja

C-2
20 10 0
J______I______L_

500 -

1000 -

1500 -

2000 -

2500 -

3000 -

S///r77~

3500

FIGURE 3. Temperature of water from hydrographic stations and bottom samples.
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pH

C-ll 
7.0 7.5 8.0 8.5 7.0

C-9
7.5 8.0 8.5 7.0

C-6
7.5 8.0 8.5

C-2
7.0 7.5 8.0 8.5

500 -

1000 -

cc
UJ
h 1500 -

2000 -

2500 -

3000 -

3500

FIGURE 4. pH of water from hydrographic stations and bottom samples.
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DISSOLVED OXYGEN, IN MILLILITERS PER LITER

C-ll
54321 
in I  1  I  L_

C-9
543210 
IP i i i i i

C-6
54321 
ID i i i i

500 -

1000 -

1500 -

2000 -

2500 -

3000 -

77777^7"

3500

FIGURE 5. Dissolved oxygen content of water from hydrographic stations and bottom samples.
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SALINITY (o/oo)

C-ll 
35.0 34.0-J   33.0 33.0

C-2

35.0 34.0 33.0

500 -

1000 -

i
Q 2000

2500 -

3000 -

3500

'xyxy/x

/ / / / S~S / / /

FIGDEE 6. Salinity of water from hydrographic stations and bottom samples.
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TEMPERATURE, IN DEGREES CENTIGRADE SALINITY (o/oo)

STATION 65 
30 20 10

STATION 66 
20 10 0

i____l_

STATION 65
35.0 34.0 33.0

STATION 66 
35.0 34.0 33.0

£/)
p; 500 -

1000 -

1500

FIGURE 7. Hydrographic data from Shuttle expedition, June 1952. For location of samples, see map, Figure 1.

TABLE 3. Percentage of nitrogen in core samples.

[Data from Hazelton Nuclear Science Corp., Palo Alto, Calif., E. J. 
Forslow, analyst. Samples marked with (*) are of inadequate size 
to assure accurate values]

Sample

C-2___.__. _________
C-3-_______________
C-4________________
C-5-_______________
C-6________________
C-7-   ____________
C-9___________._ _
e-io___.______.____
C-ll______. ________

Nitrogen 
(percent)

0.07
.07
.07
. 12

* iq
.05

*. 24
*. 23
.27

Sample

C-12
C-13
C-15
C i ft
C-17
C-18
C-1Q
C-20
C-22

Nitrogen 
(percent)

0 28
K1

* 61
05

* 07
19
06
06
10

These trends are corroborated by samples taken off 
the coast of Nicaragua in 1935 by the U.S. Navy ship 
Hannibal. Analyses of these sediments were made by 
Eoger E. Eevelle of the Scripps Institution of Ocean­ 
ography. These samples were taken between 8° and 
10° N. latitude, at depths ranging from 10 to 2,300 
meters. These nitrogen values (table 4) are variable 
at shallow depths and increase with increasing depth 
on the continental slope. Maximum values are reached 
where oxygen values are low, below which nitrogen 
content decreases.

LABORATORY TECHNIQUE

In the laboratory, each sample was thoroughly agi­ 
tated and approximately 10 milliliters (ml) was Avith- 
drawn by pipette. This portion was retained in alcohol 
as a check sample. Eose bengal stain was added to the 
remainder of the sample, which was allowed to stand 
for several days (Walton, 1952). It was then washed

through a 150-mesh screen (saving fines) and dried 
and floated in carbon tetrachloride. "Sinks" and 
"floats" were weighed.

Foraminifera stained with rose bengal (the living 
forms, see Walton, 1952) were picked from the entire 
sample and mounted on slides.

Bolivinids were picked from 15 samples; C-2 (37 m), 
C-20 (47 m), C-4 (50 m), C-18 (64 m), C-6 (80 m), 
C-17 (82 m), C-16 (144 m), C-15 (435 m), C-8 (450 
m), C-14 (800 m), C-9 (885 m), C-13 (1,600 m), C-10 
(1,700 m), C-12 (3,100 m), and C-ll (3,200 m). Sam­ 
ples from depths shallower than 80 meters and deeper 
than 1,700 meters contained too few bolivinids for sig-

TABLE 4. Percentage of nitrogen in core samples taken by the 
Hannibal expedition in 1935, off the coast of Nicaragua, Central
America

[Determination by Roger Revelle]

Station

H-64__________
H-66__-_-____-
H-70-_------_-
H-63----------
H-61__-_-____-
H-55___-------
H-54__________
H-173---------
H-57____ ______
H-100_--_----_
H-174_________
H-180_________
H-189_._______
H-186_ ________ .
H-108--_---__-
H-118_________
H-185_. _______
H-115_-______.
H-182_._______
H-183-_-----__

Latitude

8°20. 30'
8°37. 00'
8°33. 45'
8°19. 00'
8°17. 20'
8°01. 00'
8°03. 00'
9°39. 00'
8°03. 00'
8°07. 00'
9°34. 00'
9°28. 00'
9°31. 00'
9°22. 00'
9°11. 00'
8°29. 00'
9°19. 00'
8° 11. 00'
9° 18. 00'
9° 12. 00'

Longitude

78°30. 30'
78° 42. 00'
78°55. 50'
78°36. 00'
78°46. 30'
78°52. 00'
78°43. 45'
84°50. 00'
79°08. 00'
79°38. 00'
84°50. 00'
85°07. 00'
84°51. 00'
84°46. 00'
84°29. 00'
83° 54. 00'
84° 15. 00'
84° 15. 00'
85°07. 00'
85°07. 00'

Depth 
(meters)

10
20
32
36
40
50
55
77
80
91

146
210
380
610
870
950

1, 609
1, 700
1, 780
2,286

Nitrogen 
content

0 1225
1148
156
112
050
035
063
193
028
066
111
048
174
234
349
140
200
297
306
267
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nificant quantitative analysis. Statistical data were 
compiled for the remaining nine samples (C-6, C-17, 
0-16, C-15, C-8, C-14, C-9, C-13, and C-10).

For samples C-10, C-13, and C-16, bolivinids were 
picked from the entire sample. For all other samples, 
these were picked from a split of the sample which con­ 
tained about a thousand Foraminifera. Samples were 
split with a Jones-type microsplitter (Otto, 1933).

Picked specimens of each sample or split, arranged 
tentatively on the basis of shape and form characters 
into species, were mounted on a slide. These tentative 
species were given arbitrary letter designations until 
their taxonomic affinities were determined by further 
study.

Species not represented by 80 to 100 individuals from 
a single split were supplemented (on a second slide) 
from a split of the remaining sample. Some species are 
too rare to yield 100 specimens even from the total sam­ 
ple. All perfect specimens from both split and supple­ 
ment were measured, and statistical parameters were 
calculated from these measurements.

QUANTITATIVE AND QUALITATIVE ANALYSIS

The usual first step in analyzing a fauna is to deter­ 
mine what species are present. The definition of a 
species, however, is a much disputed subject (Sylvester- 
Bradley, 1956).

Biologically, species can be defined as "* * * groups 
of actually (or potentially) interbreeding natural pop­ 
ulations which are reproductively isolated from other 
such groups" (Mayr and others, 1953, p. 25). But 
even in forms now living it is seldom possible to deter­ 
mine breeding habits, so that in actual practice the 
biologist must also use morphologic and geographic 
criteria to define Recent species. He must assume that 
lack of gradation between forms living together is in­ 
dicative of inability to interbreed. With unlike forms 
that do not live together, he can assume that interbreed­ 
ing ability is improbable. But with groups of similar 
forms that are isolated from each other, any such as­ 
sumption is unsafe.

The species definition based only on ability to inter­ 
breed leaves out of consideration an appreciable num­ 
ber of lower animals that do not reproduce sexually. 
Some Foraminifera fall into this category. An under­ 
standing of the life cycle is essential in developing a 
foraminiferal species concept.

In recent years, much interesting work has been done 
by students of living Foraminifera. Myers (1935 and 
1936) described the life cycles of Patellina corrugata 
and SpirilMna vivipara. Le Calvez (1953) described 
the life cycle of many foraminifers, and explained the 
cytological changes which occur in such a cycle. Ar­

nold (1953a, b; 1954a, b) has studied the great varia­ 
tions in generation after generation of a few foraminif- 
eral species.

Most foraminiferal species whose life cycles have 
been studied have been found to pass through two bio­ 
logically differing generations: (a) the sexual genera­ 
tion (gamont) which reproduces by the formation of 
gametes that unite in pairs to form individuals of (b) 
the asexual generation (schizont), which in turn repro­ 
duces by division of its protoplasm into young schizonts 
or gamonts. Several asexual generations in succession 
may occur in some species before a sexual generation is 
interpolated; in fact, the sexual generation appears to 
be completely lacking in some species.

The classic concept has related biologic duality with 
morphologic dimorphism. However, Le Calvez (Ar­ 
nold, 1956, p. 7) states that the degree of correlation 
between the two is highly variable, and he feels that 
the correlation should not be made without biologic 
evidence.

Many of the species of bolivinids studied here show 
strong dimorphism; others do not. Even though the 
life cycle of these forms has not been observed, morpho­ 
logic dimorphism can probably be correlated with the 
biologic cycle. Therefore, the absence of dimorphism 
probably indicates the absence of the sexual generation 
(oral communication, Zach Arnold, Jan. 18, 1957).

The species problem is complicated by the fact that 
taxonomic species are never the equivalent of natural 
species; all the specimens that constitute a natural 
species can never be observed. However, the larger the 
sample observed, the closer its parameters will be 
to those of the entire population. (See "Relation of 
sample to population," p. A13, this report.) There­ 
fore, the taxonomic species concept should be formed 
from the largest possible sample. The specimens that 
make up this sample plus all other specimens included 
by the author are called the hypodigm of the species 
(Simpson, 1940). It is with this hypodigm that new 
specimens should be compared.

The range of variation within a sample may be de­ 
scribed quantitatively or qualitatively or both. "Sta­ 
tistical data alone are incapable of recording the mor­ 
phologic subtleties of the simplest biological form. 
Conversely, words and pictures alone cannot record the 
essential group features of a sample" (Imbrie, 1956, p. 
220).

To supplement the qualitative "words and pictures," 
quantitative methods were employed in an attempt to 
discover the group characteristics and tendencies for the 
described bolivinids. The results of this analysis form 
the major part of this paper.
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QUANTITATIVE METHODS

The purpose of the quantitative analyses of the 
described forms is twofold: to help define species by 
quantitatively describing samples (as representatives 
of populations) and to determine and describe ecologic 
variations within species.

MEASUREMENTS

The characteristics measured were selected to meet 
the requirements both of biologic (or taxonomic) sig­ 
nificance and of reproducibility of measurements. (See 
p. A14.) Measurements were made on specimens 
mounted firmly on slides, by the use of a micrometer 
disk in the ocular of the microscope. Length statistics 
are given in millimeters.

The following measurements and counts were made on 
every perfect specimen:
1. Maximum length, measured parallel to the long axis; 

measured to nearest half a micrometer unit.
2. Maximum width perpendicular to long axis; meas­ 

ured to nearest half a micrometer unit.
3. Number of pairs of chambers, excluding proloculus.
4. Diameter of proloculus; measured to nearest half a

micrometer unit.
The following measurements were attempted," but as 

they were not easily reproducible they were not used:
1. Thickness this, morphologically, is a very impor­ 

tant dimension, but it cannot be measured accu­ 
rately, owing to the difficulty of standing each 
specimen exactly on edge.

2. Height of last chamber.
3. Angle of suture with periphery.
4. Apical angle.

STATISTICAL CHARACTERIZATIONS

METHODS AND SIGNIFICANCE

All species of bolivinids in samples C-6, C-17, 
C-16, C-15, C-8, C-14, C-9, C-13, and C-10 were meas­ 
ured. Where specimens were abundant enough to make 
statistical characterization meaningful, the data de­ 
rived from measurements were plotted in plates 1 to 27. 
Plates 1 to 18 represent single species, allowing study 
of variation with depth. Plates 19 to 27 represent sam­ 
ples, allowing comparison between species. The plates 
are made up of columns, which are described as fol­ 
lows. For a discussion of the statistical methods used, 
see Simpson and Roe (1939) and Imbrie (1956). 
1. Abundance (column I, pis. 1-27) :

(a) Total number of specimens in split.
(b) Number of perfect specimens in split.
(c) Total abundance in sample (number of speci­ 

mens in split X 2X, where x=number of splits).

2. Length statistics (column II, pis. 1-27) :
Length statistics were calculated from all meas­ 

ured individuals. These forms apparently continue 
to grow by adding chambers throughout life, so vari­ 
ation is continuous and there are no clearly marked 
growth stages. As death probably occurs after re­ 
production, the length distribution can be described 
by a more or less normal curve, with the peak of the 
curve representing the age at which reproductive 
maturity is most commonly reached.

Statistics were calculated separately for micro- 
spheric and megalospheric forms where warranted 
by abundance and strong dimorphism.
(a) N, frequency of measured specimens. (See 

p. All, this report.)
(b) M, mean length of measured specimens in 

sample

'_total of lengthsN 
N /

(c) MD, mean deviation of length

total of deviations from mean length\
: __ j

(d) <r, standard deviation, a parameter of the nor­ 
mal curve

total of (deviations) 2^ 
JJ)

(e) F, coefficient of variability, a pure number for 
comparison of variability between species of 
different size

_100(A 
~ M /

(f) Range; O.R., observed range, or range in sam­ 
ple; S.R., standard range, or range in hypo­ 
thetical population (=M 3<r to M+3<r (p. 
A13, this report)).

(g) Length frequency histogram (column lib). 
Living specimens are shown as X in this 
diagram.

3. Growth characteristics: Comparison of such form 
characters as number of chambers, width, and 
flare add to knowledge of manner and direction 
of growth in some species. Columns III to V of 
plates 1-27 are scatter diagrams of measurements 
of these characters versus length. These bivariate 
diagrams show more or less scatter along a 
straight or curved line called the growth line. 
The amount of scatter is an indication of the 
amount of variability found in the species. As 
pointed out by Imbrie (1956, p. 228), "* * * the 
growth line of a bivariate population is analogous 
to the mean of a normal univariate population in
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that both represent a morphological norm around 
which observed values tend to cluster. One repre­ 
sents the average value actually attained by a 
given growth stage; the other, the average path 
by which the adult form was attained."

Living specimens (p. A14, this report) are 
shown as X on these diagrams.

(a) Number of chambers (column III, pis. 1-27): 
The number of pairs of chambers of each in­ 
dividual is plotted against its length. Two 
sizes of dots were used to indicate micro- 
spheric or megalospheric proloculus.

The diagram reveals the presence or ab­ 
sence of dimorphism. Most species show a 
marked dimorphism both by number of pairs 
of chambers per unit length and by proloc­ 
ulus diameter. Some species are not di­ 
morphic; these usually have small variable 
proloculus diameters.

The diagrams also show approximately the 
increase in height of the chambers relative to 
increasing length. Assuming that within a 
species the number of chambers is a rough 
indication of age, comparison of length in 
different samples at the 5 or 10 chamber stage 
will indicate relative rate of growth. Brad- 
shaw (1957) found in laboratory experiments 
on Streblus beccarii var. tepida that, for that 
form, the rate of addition of chambers was 
strongly influenced by temperature and sa­ 
linity changes. However, within the depth 
range of these Recent Bolivinas, particularly 
those from great depths, there is very little 
variation in temperature and salinity.

(b) Width (column IV, pis. 1-27): The width of 
each specimen is plotted against its length. 
From this diagram, the growth index (length 
to width ratio) of each specimen can be calcu­ 
lated. For species which showed great scat­ 
ter on this diagram, microspheric and mega­ 
lospheric individuals are distinguished by two 
sizes of dots.

(c) Flare (column V, pis. 1-27) : The growth index 
(length to width ratio) of each specimen is 
plotted against its length; the angle made 
with the horizontal by the trend of these points 
indicates the amount of flare of the species. 
Eapidly flaring forms show little increase in 
growth index with increase in length, hence 
the trend shows a low angle with the hori­ 
zontal. Parallel-sided forms have a great 
increase in growth index beyond the early part

of the test, and the angle of the trend is 
higher.

The principal advantage of the diagram is 
that the trend of points is fairly well repre­ 
sented by a straight line. The line computed 
to represent this trend is the reduced major 
axis (Imbrie, 1956, p. 230-233). The angle 
this axis makes with the horizontal varies 
inversely with the amount of flare, and is very 
useful in comparison within and between 
species.

Computation of this axis is as follows, using 
the formula for a straight line, y=<

-, ,1 -i length where x= length, and y= 

(Tya  
Vr.

a= growth ratio 
6=initial growth index

ffy= standard deviation of y 
(ra:=standard deviation of x

Where scatter was great, two sizes of dots 
were used to determine whether dimorphism is 
reflected in flare.
RELATION OF SAMPLE TO POPULATION

Ideally, a sample is a group of individuals with­ 
drawn from a population by a method that will pro­ 
duce an unbiased sample (Simpson and Roe, 1939, p. 
166-185). In this paper, each sample collected (for 
example, C-9, C-14) can be considered a random sam­ 
ple chosen from a population which includes all the 
f oraminif ers present on the sea bottom in that ecologic 
area. (See p. A27.) From each of these samples, a 
smaller sample was drawn (by the use of a microsplit- 
ter) which is considered to represent the original sam­ 
ple, and hence the population. The parameters cal­ 
culated for this sample will more or less approximate 
the parameters of the population.

Statistical methods are used to relate the sample to 
the population. These methods assume distributions 
that can be expressed by the normal curve the bell- 
shaped curve representing the most probable distribu­ 
tion of a variate (Simpson and Roe, 1939, p. 149-158). 
The character of this normal curve is such that values 
are equally distributed on each side of the mean, 68 
percent lying within a- of the mean, 96 percent lying 
within 2o- of the mean, and almost 100 percent lying 
within 3o- of the mean. Therefore, the length range 
of the hypothetical population is considered to be 
M 3ff to M+3c7. This standard range is almost always 
larger than the observed range if distribution is nor­ 
mal.
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The mean, the standard deviation, and the coefficient 
of variability of the length of the sample are related 
to population parameters by means, of the standard 
error of the sample parameters. These sample param­ 
eters themselves are usually normally distributed. If 
a number of separate samples of the same size were 
drawn from a population and their mean lengths calcu­ 
lated, a frequency distribution of the mean length 
would be described by a normal curve. For example, 
the standard deviation of the mean (an) is called its 
standard error, and has the same relation to the mean 
length as the standard deviation of the length has to 
the length; that is, it is probable that the real value of 
the mean will be within the range of So- on either side 
of the observed value. Values of the standard errors 
are inversely proportional to the square root of the fre­ 
quence of variates

= - .   J ffy
V \

= i r
-J2N/

The standard errors are therefore a measure of the 
reliability of the measured sample parameters. The 
standard error of the mean, standard deviation, and 
coefficient of variability are given in column Ha of 
plates 1-27.

To determine how significant the length statistics 
are, a normal curve for each frequency histogram is 
shown in column lib, plates 1-27. The more closely the 
sample distribution corresponds to the normal curve, 
the more meaningful will be the calculated population 
parameters.

LIVING SPECIMENS

Specimens stained with rose bengal were measured 
and are plotted on the diagrams as x. They were very 
abundant in several samples, and for such samples the 
length statistics and frequency distribution are plotted 
separately. In all cases where such living specimens 
occur, their distribution closely conforms to that of the 
dead specimens in the sample.

REPRODTICIBILITY OF QUANTITATIVE DATA

In order to determine the reliability of the data, tests 
were made to determine reproducibility of (a) meas­ 
ured samples, (b) measurements, and (c) calculations.

MEASURED SAMPLES

For samples C-6 and C-14, statistical parameters 
were calculated separately for specimens in the original 
split and for the split plus supplement. In every case, 
variation of all parameters between the two "samples" 
was within the standard error of the parameter.

MEASUREMENTS

A. O. Woodfard repeated measurements made by 
the author on one sample of Bolivina semiperforata.

Most of the duplicate measurements were identical with 
the original measurements or varied from them by only 
half a micrometer unit; a few varied by 1 unit (0.017 
mm) or more. Statistics calculated in micrometer units 
from the two sets of data agreed to the second decimal 
place. A more thorough test of reproducibility could 
have been obtained if specimens could have been un- 
glued and remounted before being remeasured, but 
many specimens are too fragile to withstand this treat­ 
ment.

CALCULATIONS

All calculations were made and checked by the author 
on a calculator. For several species, tabulation and 
calculations were rechecked by A. O. Woodford. This 
check revealed that in one sample a specimen had been 
accidentally omitted from the tabulation and calcula­ 
tions, but because of the large number of specimens this 
omission produced no differences in the statistics.

SYSTEMATIC DESCRIPTIONS

Eighteen species of the family Bolivinidae are here­ 
in qualitatively and quantitatively described. Includ­ 
ed are 17 species of the genus Boliwina and 1 of Sug- 
gncnda.

All species (except B. vnflckta Heron-Alien and Ear- 
land) were compared by the author with primary types 
at the U.S. National Museum and the University of 
Southern California, as were all forms noted in the 
synonymies.

Holotypes and illustrated specimens are deposited in 
the U.S. National Museum, Washington, D.C.

Family BOLIVINIDAE 

Genus BOLIVINA d'Orbigny, 1839

Type species. Bolivina plicata d'Orbigny. Test 
elongate, compressed, chambers biserially arranged, 
in some forms tending to become uniserial in later 
part of test; edges of test rounded, subangular, 
carinate, or spinose; wall smooth or ornamented; aper­ 
ture an elongate slit extending from the basal suture 
into the apertural face, in some forms tending to be­ 
come terminal and oval; aperture occasionally with 
a thin lip and platelike tooth.

The genus Bolivina as here defined includes the genus 
LosBOstomum Ehrenberg. The latter genus was defined 
by Cushman (1948, p. 269) as tending to become uni­ 
serial in the later stages, with an aperture tending to 
become terminal and oval. Two forms present in these 
samples (B. pseudo'beyricM and B. bradyi} have been 
referred to the genus Loxostomum by several authors. 
Of the thousands of specimens of these 2 species exam­ 
ined from this area, only 1 specimen of B. pseudo- 
~beyrichi was found which was definitely uniserial. All
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others were biserial throughout their length. These 
two species have apertures closed at the base, although 
they are not terminal: they are evidently intermediate 
between Bolivina and Loxostomum. Because no clear- 
cut distinction can be made between Bolivina and 
Loxostomum, the two are included as subgenera of the 
genus Bolivina.

Subgenus BOLIVINA s. s.

Type species. Bolivina plicata d'Orbigny. Test 
elongate, compressed, chambers biserially arranged; 
aperture an elongate slit extending from the basal 
suture into the apertural face, occasionally with a thin 
lip and platelike tooth.

Bolivina (Bolivina) seminuda Cushman 

Plate 29, figures 1-7

Bolivina seminuda, Cushman, 1911, U.S. Natl. Mus. Bull. 71, pt.
2, p. 34, fig. 55. 

Cushman, 1927, Scripps Inst. Oceanography Bull., Tech ser.,
v. 1, no. 10, p. 157, pi. 3, fig. 6. 

Cushman, 1937, Cushman Lab. Foram. Research, Spec.
Pub. 9, p. 142, pi. 18, fig. 14 [not figs. 13, 15]. 

Cushman and McCulloch, 1942, Alien Hancock Pacific Ex­ 
pedition Repts., v. 6, no. 4, p. 210, pi. 25, fig. 14. 

Bandy and Arnal, 1957, Am. Assoc. Petroleum Geologists
Bull., v. 41, p. 2050.

Bolivina, seminuda Cushman var. foratninata R. E. and K. C. 
Stewart, 1930, Jour. Paleontology, v. 4, p. 66, pi. 8, figs. 
5a,b.

Bolivina foraminata R. E. and K. C. Stewart. Coryell and 
Mossman, 1942, Jour. Paleontology, v. 16, p. 239, 241, 
pi. 36, fig. 34.

[not] Bolivina seminuda Cushman, 1942, U.S. Natl. Mus. Bull. 
161, pt. 3, p. 26, pi. 7, fig. 6.

Test large, subcylindrical, tapering evenly from acute 
initial end in microspheric form, and rounded initial 
end in megalospheric form; periphery broadly rounded, 
nearly smooth; chambers numerous, only slightly if at 
all inflated, increasing evenly in height as added; diam­ 
eter of proloculus less than 0.017 mm. in microspheric, 
to as much as 0.085 mm. in megalospheric form; sutures 
only slightly depressed, straight, very slightly oblique 
to periphery; all or later part of test with upper part 
of chambers clear and imperforate, lower part coarsely 
perforate; early part of test occasionally ornamented 
with thin discontinuous costae; aperture long, narrow, 
loop shaped, with lip.

QUANTITATIVE DATA (PL. 1)

Observed depth range. 435 to 3,200 meters.
Abundance (I). Abundant in samples C-15, C-8, 

C-14, C-9, rare in C-10. Very rare in C-13 (1,600 
m) and C-ll (3,200 m).

Length (II). Distribution close to normal curve, 
curve relatively flat; standard range (S. R.) close to 
observed range (O. R.) ; mean deviation (MD] and 
standard deviation (o-) low; variability (V) low to 
moderate. Length distribution and statistics of micro- 
spheric and of megalospheric forms similar. Statistics 
very similar for samples from same depth (C-15 very 
similar to C-8, C-14 very similar to C-9) ; total abun­ 
dance, length range, and mean larger in samples C-14 
and C-9 than in shallower or deeper samples.

Number of chambers (III). Strong dimorphism 
shown by number of chambers and by proloculus di­ 
ameter. Megalospheric specimens slightly more abun­ 
dant than microspheric in all samples. Specimens in 
C-14 and C-9 with higher chambers than those in C-15 
and C-8 at the same growth stage. Smallest number 
of chambers measured: microspheric form, 7 pairs; 
megalospheric form, 2 pairs.

Width (IV). Width increasing uniformly but not 
rapidly with length; scatter slight. Megalospheric 
forms slightly wider than microspheric forms in early 
part (not shown on diagram because of tight clustering 
of points). Specimens reach greater width in C-14 
and C-9 than in other samples.

Flare (V). As shown by lower slope angles, speci­ 
mens in C-14 and C-9 more flaring than those in C-15 
and C-8.

Living specimens. Abundant in C-15; mean length 
and length distribution very similar to corresponding 
values for dead specimens. Distribution of living 
specimens in other samples close to that of dead ones.

DIAGNOSTIC FEATUEES

The most characteristic features of this species are 
its large size, very round periphery, nearly horizontal 
sutures, and the clear imperforate areas on all or some 
of its chambers. Much variation is present in number 
of chambers showing clear areas. Many specimens 
have these imperforate areas present on all chambers, 
as in the typical form (pi. 29, figs. 6, 7) ; many have 
clear areas only on the last pair of chambers, and are 
identical with B. seminuda var. foraminata R. E. and 
K. C. Stewart (pi. 29, figs. 1-5). This variation occurs 
within each sample, so is not of subspecific importance; 
therefore the Stewarts' form is included in the synon­ 
ymy of B. seminuda. Although the two forms occur 
together, specimens with clear areas on all chambers 
greatly outnumber the foraminafa-type specimens in 
samples C-15 and C-8, while in samples C-14 and C-9, 
the former type is much rarer than the latter.

BoHvina sem'muda is strongly dimorphic, with the 
megalospheric form having a much larger proloculus 
and many fewer chambers than the microspheric form.
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The length, distribution for both the microspheric and 
megalospheric forms is close to normal. Within each 
sample, little variability is shown in length versus 
width or versus flare.

The species varies strongly in size with change in 
depth. The specimens in samples from 800 to 885 
meters show greater length, width, and flare than speci­ 
mens from other samples.

Bolivina (Bolivina) humilis Cushman and McCulloch

Plate 29, figures 10-13

Bolivina seminuda Cushman var. humilis Cushman and Mc­ 
Culloch, 1942, Alien Hancock Pacific Expedition, Repts., 
v. 6, no. 4, p. 211, pi. 26, figs. 1-6.

Bandy and Arnal, 1957, Am. Assoc. Petroleum Geologists 
Bull., v. 41, p. 2050.

Test small, oval in cross section, tapering in first 
part, then nearly parallel sided; periphery broadly 
rounded to subacute; chambers low, slightly inflated, 
more numerous in microspheric than in megalospheric 
form; sutures nearly straight to slightly lobed, hori­ 
zontal or slightly oblique, depressed, limbate; pro- 
loculus diameter in microspheric form less than 0.017 
mm, in megalospheric form 0.05 ± mm; wall perforate 
in lower part of chambers, clear in upper part; aper­ 
ture loop shaped with lip.

QUANTITATIVE DATA (PL. 2)

Observed depth range. 144 to 1,700 meters.
Abundance (I). Highest in C-8, rare in C-10, very 

rareinC-16 (144m).
Length (II). Distribution very close to normal 

curve; standard range (S. R.) close to observed range 
(O. R.) ; mean deviation (MD) and standard deviation 
(or) small; variability (V) low to moderate. Statistics 
similar for samples C-15 and C-8. Little variation in 
length range and mean throughout depth range.

Number of chambers (III). Dimorphism shown by 
number of chambers and by proloculus diameter. Mic­ 
rospheric and megalospheric specimens approximately 
equal in number. Chambers of nearly equal height in 
all samples. Smallest number of chambers observed: 
microspheric form, 8 pairs; megalospheric form, 4 
pairs.

Width (IV). Little increase in width with length 
after early part. Little scatter; no difference in trend 
between microspheric and megalospheric forms.

Flare (V). Little variation in flare throughout 
depth range; angle of slope high, indicating parallel- 
sided form.

Living specimens. None found in any sample.

DIAGNOSTIC FEATURES

The test is small, the later part nearly parallel sided, 
and the periphery is rounded. The sutures are limbate 
and curved; the chambers are low.

The species is dimorphic, with moderate difference in 
proloculus diameter between megalospheric and micro- 
spheric forms, also a slight difference in number of 
chambers. Little variation is shown within samples, 
scatter diagrams show tight clustering of points. There 
is little variation in the size of the species throughout 
its depth range, which is great.

This form closely resembles Cushman and McCul- 
loch's specimens. As it occurs in the same samples as 
B. seminuda s. s. and as there is no evidence of inter- 
gradation between the two forms, B. humilis is raised to 
specific rank.

Bolivina (Bolivina) pacifica Cushman and McCulloch

Plate 29, figures 8, 9

Bolivina, seminuda Cushman, [part], 1937, Cushman Lab. Foram. 
Research Spec. Pub. 9, pi. 18, fig. 15 [not figs. 13, 14].

Bolivina acerosa Cushman var. pacifica Cushman and McCul­ 
loch, 1942, Alien Hancock Pacific Expedition, Repts., v. 
6, no. 4, p. 185-186, pi. 21, figs. 2, 3.

Test small, slender, compressed; tapering from sub- 
acute initial end; periphery rounded, nearly smooth or 
slightly lobulate; chambers slightly inflated, increasing 
evenly in size as added; sutures depressed, nearly 
straight, oblique to periphery; upper part of chambers 
clear and hyaline, lower part finely perforate, with 
milky appearance; no dimorphism in number of cham­ 
bers, no strong dimorphism in proloculus size; aperture 
loop shaped, from base of apertural face to apex.

QUANTITATIVE DATA (PL. 3)

Observed depth range. 50 to 3,100 meters.
Abundance (I). Abundant in C-6, C-17, rare in 

C-16 and C-10, very rare in C-4 (50 m).
Length (II). Distribution extremely close to nor­ 

mal curve; standard range (S. R.) very close to ob­ 
served range (O. R.); mean deviation (MD) and stand­ 
ard deviation (<r) small; variability (V) low. Mean 
length similar in all samples but decreasing very 
slightly with increasing depth.

Number of chambers (III). Slight dimorphism 
shown by proloculus diameter in samples C-8, C-14, 
and C-13, but not in C-6 or C-17, where specimens are 
most abundant; this may indicate a variability of pro­ 
loculus diameter rather than true dimorphism, as no 
dimorphism is apparent in number of chambers. 
Chambers very slightly higher in C-6, and C-17 than in
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deeper samples. Smallest number of chambers ob­ 
served, four pairs.

Width (IV). Specimens increasing little in width 
after early part of test; amount of scatter small.

Flare (V). Angle of slope high, nearly equal in all 
samples; amount of scatter fairly large.

Living specimens. Distribution similar, to that of 
dead specimens.
DIAGNOSTIC FEATURES

The test is small and very slender. The sutures are 
oblique, curved, and depressed. The upper part of the 
chambers is clear and imperf orate. Dimorphism is ab­ 
sent or very weak. The proloculus diameter is variable. 
Length, width, and flare vary little throughout the very 
great depth range.

Bolivina pacifica is variable in amount of chamber 
inflation. It somewhat resembles B. translucens Phle- 
ger and Parker (1951, pt. 2, p. 15, pi. 7, figs. 13,14) but 
has more oblique sutures. It differs from B. semi/rinda 
Cushman (pp. A15, A16, this report) in its oblique and 
depressed sutures, smaller size, and more inflated cham­ 
bers. It occurs in the same samples as B. seminuda, 
but there is no intergradation between the two forms. 
B. acerosa Cushman (Cushman Lab. Foram. Kesearch 
Spec. Pub. 6, p. 54, pi. 8, fig. 1, 1936) is much narrower 
and has more curving sutures.

Bolivina (Bolivina) argentea Cushman 

Plate 29, figures 14-17

Bolivina, argentea Cushman, 1926, Cushman Lab. Foram. Re­ 
search., Contr., v. 2, pt. 2, p. 42, pi. 6, fig. 5. 

Cushman, 1937, Cushman Lab. Foram. Research Spec. Pub.
9, p. 140, pi. 19, figs. 7-11. 

Bandy and Arnal, 1957, Am. Assoc. Petroleum Geologists
Bull., v. 41, p. 2050.

Wolivina dottiana Coryell and Mossman, 1942, Jour. Paleon­ 
tology, v. 16, p. 239, pi. 36, fig. 33.

Test large, flat, periphery subacute to keeled, taper­ 
ing to a rounded but spined initial end in megalospheric 
form, and to an acute, often spined initial end in micro- 
spheric form; microspheric form with numerous cham­ 
bers, proloculus diameter less than 0.017 mm; megalo­ 
spheric form with fewer chambers, proloculus diameter 
0.068-0.11 mm; sutures wide, curved, oblique to pe­ 
riphery, limbate, and very white; wall finely perforate, 
silvery; test with two strong costae on early part; 
aperture loop shaped, with well-developed internal 
tooth.
QUANTITATIVE DATA (PL. 4)

Observed depth range. 800 to 1,700 meters.
Abundance (I). Abundant in C-9 and C-14, very 

rareinC-10 (1,700m).
Length (II). Distribution skewed to left, owing to 

presence of very large individuals, unlike normal

curve; mean deviation (MD) and standard deviation 
(o-) large; variability (V) great. Distribution of 
miscrospheric individuals very similar to that of meg­ 
alospheric individuals. Statistics and distribution for 
the two samples similar.

Number of chambers (III). Strong dimorphism 
shown both by number of chambers and by proloculus 
diameter. Megalospheric individuals several times 
more abundant than microspheric individuals. Small­ 
est number of chambers observed: microspheric form, 
8 pairs; megalospheric form, 1 pair.

Width (IV). Width increasing rapidly with length, 
at fairly uniform rate; dimorphism reflected in length 
to width ratio (microspheric form tapers more rapidly 
than megalospheric).

Flare (V). Form tapering rapidly; about equally 
flaring in two samples. Megalospheric specimens more 
flaring than microspheric at low length, about equal 
later.

Living specimens. None found.

DIAGNOSTIC FEATURES

This species is large and flat, and the periphery is 
smooth, with a narrow keel. Sutures are broadly lim­ 
bate. The wall has a silvery opalescent appearance 
not found in any other species in these samples.

It is strongly dimorphic, with the megalospheric pro­ 
loculus diameter very large, and with many more cham­ 
bers in the microspheric form than in the megalo­ 
spheric.

The depth range is restricted.
The holotype and paratypes of this species, from 

Lydonia Station 30, are less flaring and have more in­ 
flated chambers than have the specimens in C-14 and 
C-9. These types show low costae which in some forms 
run the entire length of the test. Specimens from off 
the coast of California, illustrated in Cushman Labor­ 
atory Special Publication no. 9, are identical with 
those from off El Salvador.

Bolivina dottiana Coryell and Mossman is only ques­ 
tionably included in the synonymy as types are not 
available for comparison.

Bolivina (Bolivina) interjuncta bicostata Cushman 

Plate 30, figures 1-4

Bolivina, costata d'Orbigny var. bicostata Cushman, 1926, 
Cushman Lab. Foram. Research, Contr., v. 2, pt. 2, p. 42. 

Bandy and Arnal, 1957, Am. Assoe. Petroleum Geologists 
Bull., v. 41, p. 2050.

Bolivina interjuncta Cushman var. bicostata Cushman, 1939, 
Cushman Lab. Foram. Research Spec. Pub. 9, p. 116, pi. 
22, fig. 23.

Cushman and McCulloch, 1942, Alien Hancock Pacific Ex­ 
pedition, Repts., v. 6, no. 4, p. 195, pi. 23, figs. 9-11, 13-16.

Bolivina interjuncta Cushman. Natland, 1950, Geol. Soc. 
America Mem. 43, pt. 4, p. 20-21, pi. 5, fig. 16.
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Test large, compressed, rapidly tapering; periphery 
subacute, keeled; chambers slightly inflated, more nu­ 
merous in microspheric than in megalospheric form; 
strong dimorphism in proloculus diameter; sutures 
limbate, raised, in later part of test often higher than 
costae, broad, curved, oblique; wall finely perforate; 
test ornamented with strong sharp costae over most 
of length, the two median costae stronger than the 
others; aperture large, loop shaped, with well-developed 
internal tooth.

QUANTITATIVE DATA (PL. 5)

Observed depth range. 80 to 800 meters.
Abundance (I). Abundant in C-6, C-17, C-8, very 

rare in C-14 (800m).
Length (II). Distribution fairly close to normal 

curve, curve flat, bimodal in C-17; standard range 
(S. E.) larger than observed range (O. K.) ; variability 
(V) moderate. Length distribution and statistics 
similar for all samples throughout depth range.

Number of chambers (III). Strong dimorphism 
showrn by proloculus diameter and number of cham­ 
bers. Few microspheric specimens in C-6, but many in 
C-8; length range of microspheric specimens in C-8 
greater than that of megalospheric. Chambers about 
equal in height in all samples. Smallest number of 
chambers observed: microspheric form, 9 pairs; meg­ 
alospheric form, 2 pairs.

Width (IV). Width increasing rapidly with length. 
Dimorphism not shown.

Flare (V). Species about equally flaring throughout 
depth range, taper moderate. Microspheric specimens 
more flaring than megalospheric.

Living specimens. Only a few specimens found.
DIAGNOSTIC FEATURES

This is a large species, characterized by four sharp 
glassy costae over most of its length. The sutures are 
glassy and raised.

The species is dimorphic, but the microspheric pro­ 
loculus is larger than in most species. The size (length 
range and mean and flare) is nearly the same through­ 
out the depth range.

The form differs from B. interjuncta Cushman (1926, 
p. 41, pi. 6, fig. 3) in lacking anastomosing costae. The 
geographic and geologic relations of the two forms 
were not ascertained; so subspecific status is retained.

Natland (1950, p. 20) states that in samples from 
deep water it is difficult to distinguish this form from 
B. argentea Cushman. In these samples, though B. 
argentea does have costae (p. A17), it can readily be 
distinguished from B, interjuncta bicostata by its 
silvery appearance, much thinner test, wider unraised 
sutures, and also by its strong dimorphism.

Bolivina (Bolivina) semiperf orata Lewis Martin 

Plate 30, figures 5-8

Bolivina, semiperforata Lewis Martin, 1952, Cushman Found.
Foram. Research Contr., v. 3, p. 129, pi. 21, figs. 10, 11. 

Bolivina spissa Cushman. Crouch, 1952, Am. Assoc. Petroleum
Geologists Bull., v. 36, p. 830, pi. 3, fig. 7. 

Bandy and Arnal, 1957, Am. Assoc. Petroleum Geologists
Bull., v. 41, p. 2050.

Test slender, tapering, oval in cross section, com­ 
monly with apical spine; periphery acute and com­ 
monly keeled in early part of test, subacute or rounded 
in later part; periphery smooth, that of last chamber 
lobed; chambers low, very slightly inflated, numerous 
in microspheric form, fewer in megalospheric; sutures 
broad, depressed, curved, opaque, oblique to periphery, 
and very white; wall thin, perforate, except for clear 
hyaline patches at inner end of chamber; proloculus 
diameter less than 0.017 mm in microspheric form, 
0.05-0.10 mm in megalospheric form; early part of test 
ornamented with several thin costae; aperture loop 
shaped with slight lip.

QUANTITATIVE DATA (PL. 6)

Observed depth range. 800 to 1,700 meters.
Abundance (I). Abundant in C-9, C-14, rare in 

C-13 and C-10.
Length (II). Distribution close to normal curve; 

observed range (O. R.) close to standard range (S. R.); 
variability (V) low except for C-13, a small sample. 
Mean length of microspheric forms higher than that 
of megalospheric, V higher for microspheric than 
megalospheric. Statistics very similar for samples 
C-14 (800 m) and C-9 (885 m); species rare in C-13 
(1,600 m) and C-10 (1,700 m), so statistics not so sig­ 
nificant.

Number of chambers (III). Strong dimorphism 
shown by proloculus diameter and by number of cham­ 
bers. Megalospheric forms about twice as abundant 
as microspheric in all samples. Chambers nearly equal 
in height in all samples. Smallest number of chambers 
observed: microspheric form, 7 pairs; megalospheric 
form, 4 pairs.

Width (IV). Width increasing uniformly with 
length, scatter tight. Dimorphism not reflected in 
width.

Flare (V). Scatter large, variation in taper great. 
Species about equally flaring in all samples.

Living specimens. Present only in C-9. Distribu­ 
tion conforms to that of dead specimens.

DIAGNOSTIC FEATURES

The test is slender and oval in cross section. The 
periphery is subacute, the sutures curved, wide, and 
white. An apical spine is usually present.
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The species is strongly dimorphic, the megalospheric 
form having a large proloculus. The microspheric 
form has many more chambers than the megalospheric.

There is little variation in size throughout the depth 
range of the species.

Bolivina semiperforata differs from B. ordinaria 
Phleger and Parker (Cushman Found. Foram. Re­ 
search, Contr., v. 3, p. 14, 1952) by having depressed 
sutures, clear areas on chambers, and fine costae on the 
early part of the test.

The species is identical.with B. spissa of Crouch and 
of Bandy and Arnal. It differs from B. spissa Cush­ 
man (1926, p. 45, pi. 6, fig. 8) in width, by lack of a 
distinct keel and strong costae on the early part of the 
test, and by having depressed sutures.

B. semiperforata differs from B. stnatula Cushman 
(p. A19, this report) by its much larger size, broad 
sutures, chamber shape, and more rounded periphery.

Bolivina (Bolivina) striatula Cushman 

Plate 30, figures 9, 10

Bolivina striatula Cushman, 1922, Carnegie Inst. Washington
Pub. 311, p. 27, pi. 3, fig. 10. 

Bolivina cf. B. karreriana H. B. Brady var. carinata Millett.
Cushman and Wickenden, 1929, U.S. Natl. Mus. Proc.,
v. 75, art. 9, p. 10, pi. 4, fig. 5. 

Bolivina advena Cushman var. striatella Cushman. Cushman
and Moyer, 1930, Cushman Lab. Foram. Research Contr.,
v. 6, p. 58, pi. 8, fig. 6.

Cushman and McCulloch, 1942, Alien Hancock Pacific Ex­ 
pedition, Repts., v. 6, no. 4, p. 187, pi. 21, figs. 7-11. 

Bolivina striatula Cushman var. spinata Cushman, 1936, Cush­ 
man Lab. Foram. Research, Spec. Pub. 6, p. 59, pi. 8,
figs. 9a, b.

Test small, compressed, tapering; periphery sub- 
acute to narrowly keeled, smooth except for last cham­ 
bers in largest specimens, which have posterior end of 
chamber produced into blunt spine; apparently not 
dimorphic; chambers very slightly inflated, early ones 
low, later ones much higher, lobed near median line; 
sutures slightly depressed, lobed, curving, oblique to 
periphery; early chambers with lower part of wall 
perforate, upper part clear, later chambers with wall 
peforate except for lobe near median suture; wall of 
early part of test with fine costae; aperture loop shaped 
with lip.

QUANTITATIVE DATA (PL. 7)

Observed depth range. 37 to 144 meters.
Abundance (I). Extremely abundant in C-6 and 

C-1T, rare in C-2 (37 m), C-20 (47 m), G-A (50 m), 
C-18 (64 m), and C-16 (144 m).

Length (II). Distribution close to normal curve, 
but skewed to right, very similar for C-6 and C-17; 
standard range (S. R.) close to observed range

(O. R.) ; deviation from mean low; variability (V) 
low.

Number of chambers (III). No dimorphism appar­ 
ent. Proloculus diameter varying, but with no sharp 
break. Smallest number of chambers observed, six 
pairs.

Width (IV). Width increasing uniformly with 
length. Scatter tight.

Flare (V). Variable in relation between growth 
index and length. Taper moderate.

Living specimens. Abundant in C-6 and C-17; 
mean length slightly lower in both samples than that 
for dead specimens. Distribution in scatter diagrams 
conforming to that of dead specimens.

DIAGNOSTIC FEATURES

The test is small, with little variation in length. It 
is distinguished by its generally keeled periphery, 
curved sutures, clear areas, and fine costae. It is ap­ 
parently not dimorphic.

The species inhabits shallow water; it was not found 
below 144 meters.

This form appears intermediate between B. striatula 
s. s. and B. striatula var. spinata Cushman. It is close 
to B. striatula s. s. in shape and in lack of apical spine 
but has costae and clear areas as does var. spinata. All 
three forms are assigned here to the same species.

Bolivina cf. striatula Cushman of Hoglund (1947, 
p. 266, 267, pi. 24, fig. 4, pi. 32, figs. 14, 15) appears 
identical with the described form, but no Hoglund 
specimens were seen.

This species can be distinguished from B. semiper­ 
forata Martin (pp. A18, A19, this report) by its much 
smaller size, clear areas, more acute periphery, narrow 
depressed sutures, and costae. It closely resembles B. 
fragilis Phleger and Parker (1951, pt. 2, p. 13, pi. 6, 
figs. 14, 23, 24), which has a slightly wider keel and 
less curved sutures. B. fragilis should perhaps be in­ 
cluded in the synonymy of B. striatula.

Bolivina (Bolivina) minuta Natland 

Plate 30, figures 11, 12

Bolivina minuta Natland, 1938, Scripps Inst. Oceanography
Bull., Tech. Ser., v. 4, no. 5, p. 146, pi. 5, fig. 10. 

IBolivina minuta Natland. Cushman and McCulloch, 1942,
Alien Hancock Pacific Expedition, Repts., v. 6, no. 4, p.
201, pi. 24, figs. 4-7. 

?Loxostom,um truncatum Phleger and Parker, 1951, Geol. Soc.
America Mem. 46, pt. 2, p. 17, pi. 7, figs. 17, 18. 

Bolivinlta minuta (Natland). Bandy and Arnal, 1957, Am.
Assoc. Petroleum Geologists Bull., v. 41, p. 2050.

Test small, compressed, tapering rapidly from sub- 
acute initial end; periphery flattened, concave, slightly 
lobed; thin and rectangular in transverse section; su­ 
tures distinct, raised, slightly curving, oblique to pe-
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riphery; chambers slightly depressed, first chamber less 
than 0.017 mm in diameter; wall thin, finely perforate ; 
aperture loop shaped on apertural face of last chamber.
QUANTITATIVE DATA (PL. 8)

Observed depth range. 800 to 3,200 meters.
Abimdance (I). Abundant in C-9 and C-14, rare 

in C-ll (3,200 m) and C-13 (1,600 m).
Length (II). Distribution extremely close to nor­ 

mal curve; standard range (S. R.) very close to ob­ 
served range (O. R.) ; deviations small; variability 
(V) low. Statistics very similar for C-14 and C-9.

Number of chambers (III). No dimorphism ap­ 
parent, proloculus diameter small. Scatter tight. 
Smallest number of chambers observed, five pairs.

Width (IV). Increasing rapidly in width with in­ 
crease in length.

Flare (V). Length range of species too small and 
scatter too great to allow a meaningful axis to be 
drawn.

Living specimens. Present in C-9 and C-14, distri­ 
bution similar to that of dead ones.
DIAGNOSTIC FEATURES

The species is very small, with little variation in 
length. The test is very flat and tapers rapidly. Su­ 
tures are raised and limbate.

No dimorphism is apparent.
Mean length of specimens from C-9 and C-14 agrees 

closely with size of Natland's types. The form figured 
by Cushman and McCulloch (1942, pi. 24, figs. 4-7) 
apparently has more inflated chambers and more sinu­ 
ous sutures and is apparently dimorphic; therefore it 
is only questionably assigned to B. minuta. Only a few 
specimens of Loxostomum truncatum, were examined, 
but they appeared to belong to Natland's species.

Bolivina (Bolivina) subadvena Cushman 

Plate 30, figures 13-17

Bolivina subadvena, Cushman, 1926, Cushman Lab. Foram. Re­ 
search Contr., v. 2, p. 44, pi, 6, figs. 6a, b.

Cushman, 1927, Scripps Inst. Oceanography Bull., Tech. 
Ser., v. 1, p. 156.

Natland, 1950, Geol. Soc. America Mem. 43, pt. 4, p. 22, pi. 
5, figs. 20a, b.

Crouch, 1952, Am. Assoc. Petroleum' Geologists Bull., v. 36,
p. 830, pi. 3, fig. 8.

[not] Bolivina subadvena Cushman. Cushman, Stewart, and 
Stewart, 1930, San Diego Soc. Nat. History Trans., v. 6, 
p. 67, pi. 5, fig. 5.

Cushman and Gray, 1946, Cushman Lab. Foram. Research,
Spec. Pub. 19, p. 34, pi. 5, figs. 44a, b.

tBolivina pomposa Coryell and Mossman, 1942, Jour. Paleontol­ 
ogy, v. 16, p. 241, pi. 36, fig. 39.

Test robust, thick, variable, tapering evenly to sub- 
acute initial end in microspheric form, nearly parallel

sided in megalospheric form; periphery broadly 
rounded to subacute; chambers numerous and increas­ 
ing rapidly in size in microspheric form, few and in­ 
creasing slowly in size in megalospheric form; chambers 
only slightly inflated; proloculus diameter in micro- 
spheric form less than 0.017 mm, in megalospheric form 
0.07-0.020 mm; sutures depressed, more or less strongly 
noded; wall coarsely perforate, in microspheric form 
with perforations on first few pairs of chambers form­ 
ing single row; on some forms wall ornamented with 
fine costae on first % to i/^ of test: aperture large, loop 
shaped, with well-developed lip.

QUANTITATIVE DATA (PL. 9)

Observed depth range. 435 to 1,700 meters.
Abundance (I). Abundant in C-15, C-8, C-14, C-9, 

rare in C-10, C-13.
Length (II). Distribution different from normal 

curve, especially for microspheric 'form; standard range 
(S. R.) different from observed range (O. R.); devia­ 
tions (MD, <r) high; variability (V) large, about the 
same for all samples. Distribution of microspheric 
form very different from that of megalospheric; V and 
length range much larger for microspheric form. Sta­ 
tistics very similar for samples from the same depth 
(C-15 similar to C-8, C-9 very similar to C-14, C-13 
similar to C-10). Total abundance, range, and mean 
of length higher in C-14 and C-9 than in shallower or 
deeper samples.

Number of chambers (HI). Species very strongly 
dimorphic, shown by both proloculus diameter and 
number of chambers. Proloculus of megalospheric form 
large, globular, variable in diameter. Chambers very 
much higher in C-14 and C-9 than in C-15 and C-8. 
Smallest number of chambers observed: microspheric 
form, 6 pairs; megalospheric form, 1 pair.

Width (IV). Width increasing faster throughout 
length range in C-14 and C-9 than in other samples. 
Scatter greater in C-14 and C-9. Dimorphism ex­ 
pressed in shape; megalospheric specimens much wider 
than microspheric at length less than 0.50 mm.

Flare (V). As shown by lower slope angles, species 
more flaring in C-14 and C-9 than in C-15 and C-8. 
Dimorphism shown; plotted separately for C-14 and 
C-9, axis for microspheric form with lower angle than 
that for megalospheric.

Living specimens. Distribution similar to that of 
dead specimens.
DIAGNOSTIC FEATURES

The test is large and extremely variable. The 
periphery may be broadly rounded or subacute. Sutures 
may be strongly noded or curved. The perforations 
are extremely large.
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Bolivina subadvena is the most strongly dimorphic 
species present in these samples. The megalospheric 
proloculus is very large, and there is a great difference 
in number of chambers between the two forms.

Shape and size vary with depth, the optimum depth 
for the species being apparently at 800 to 900 meters.

Crenulation of the sutures of this species is extremely 
variable. The holotype has straight sutures, but topo- 
types show some crenulation. Specimens from Ly- 
donia Station 30 (Cushman, 1927, p. 156) are identical 
with those from off the coast of El Salvador. B. 
pomposa Coryell and Mossman is only questionably in­ 
cluded in the synonymy, as types are not available for 
examination.

Bolivina (Bolivina) tongi filacostata Cushman and McCulloch 

Plate 30, figures 18, 19

Bolivina tongi Cushman var. filacostata Cushman and McCul- 
loch, 1942, Alien Hancock Pacific Expedition, Repts., v. 
6, no. 4, p. 214-215, pi. 27, figs. 7-11.

Test small, compressed, early part rapidly tapering, 
later part nearly parallel sided, commonly widest near 
middle of test; periphery somewhat flattened, orna­ 
mented with several high thin costae; chambers 
slightly inflated; no dimorphism in proloculus size; 
sutures depressed, straight, oblique; wall perforate ex­ 
cept for upper part of early chambers, which is clear; 
later part of test ornamented with continuous thread­ 
like costae; aperture loop shaped, with thin lip.

QUANTITATIVE DATA (PL. 10)

Observed depth range. 80 to 1,700 meters.
Abundance (I). Extremely abundant in C-6, com­ 

mon in C-17, rare in C-16 and C-8, very rare in C-15 
(435 m) and C-10 (1,700 m).

Length (II). Distribution normal, and in C-6 and 
C-17, wThere abundance is great, curve sharp; standard 
range (S. R.) and observed range (O. R.) very similar; 
deviation (MD, o-) small; variability (V) veiy low. 
Distribution very similar throughout depth range.

Number of chambers (III). No dimorphism; scat­ 
ter large. Proloculus diameter variable. Chambers of 
equal height in all samples. Smallest number of cham­ 
bers observed, five pairs.

Width (IV). Width increasing little beyond early 
part of test.

Flare (V). Species nearly parallel sided beyond 
early part of test. More flaring in C-17 than in other 
samples.

Living specimens. None found.
DIAGNOSTIC FEATURES

The most characteristic feature of this species is the 
presence of fine costae running from the apertural end

of the test towards the apical end.. The costate part 
of the test was measured, and compared with the total 
length. No definite ratio between the two was found.

The geographic and geologic relations between this 
form and Bolivina tongi Cushman s. s. (Cushman Lab. 
Foram. Research Contr., v. 5, p. 93, pi. 13, figs. 29a, b, 
1929) were not ascertained; however, the latter form is 
aparently restricted to the Tertiary. As B. filacostata is 
distinct from B. tongi s. s., but is obviously related to it, 
it is retained as a subspecies.

Bolivina (Bolivina) acuminata Natland 

Plate 30, figures 20, 21

Bolivina subadvena Cushman var. serrata Natland, 1938 [not 
Chapman, 1892], Scripps Inst. Oceanography Bull., Tech.

Ser., v. 4, no. 5, p. 145, pi. 5, figs. 8, 9.
Cushman and McCulloeh, 1942, Alien Hancock Pacific Ex­ 

pedition, Repts., v. 6, no. 4, p. 213, pi. 26, fig. 14, pi. 27, 
figs. 1, 2.

Bolivina subadvena, Cushman var. acuminata Natland. Cush­ 
man and Gray, 1946, Cushman Lab. Foram. Research, 
Spec. Pub. 19, p. 34, pi. 5, fig. 46. 

Bolivina acuminata Natland, 1950, Geol. Soc. America Mem. 43,
pt. 4, p. 22, pi. 5, figs. 21a, b.

Bandy and Arnal, 1957, Am. Assoc. Petroleum Geologists 
Bull., v. 41. p. 2050.

Test small, compressed, thickest at median line, taper­ 
ing to acute serrate periphery; test tapering to sub- 
acute initial end. in megalospheric form, to acute in­ 
itial end in microspheric form; chambers only slightly 
inflated, keeled, posterior ends produced downward into 
spines; sutures depressed, curved; wall coarsely per­ 
forate; aperture small, loop shaped, with lip.
QUANTITATIVE DATA (PL. 11)

Observed depth nange. 47 to 450 meters.
Abundance (I). Abundant in C-6, C-17, rare in 

C-16, C-8, and very rare in C-18 (64 m) and C-20 
(47m).

Length (II). Distribution not normal, too many 
small individuals; standard range (S. R.) and observed 
range (O. R.) dissimilar; variability (V) moderate. 
Length range and mean fairly similar throughout 
depth range.

Number of chambers (III). Dimorphism shown by 
proloculus diameter, but not by number of chambers. 
Scatter great. Chambers of equal height in all sam­ 
ples. Smallest number of chambers observed: micro- 
spheric form, 7 pairs; megalospheric form, 4 pairs.

Width (IV). Scatter small, width increasing uni­ 
formly with length.

Flare (V). Species moderately tapering, shown by 
angle of axis. 

Living specimens. Only one found, in C-17.

64451 SO 63-



A22 RECENT FORAMINIFERA OFF CENTRAL AMERICA

DIAGNOSTIC FEATURES

The test is small and tapering. Its most distinctive 
feature is its serrate periphery. No strong dimorphism 
is shown.

No tendency toward a terminal aperture was noted, 
though Natland reported such an aperture on his speci­ 
mens.

Bolivina (Bolivina) vaughani Natland

Plate 30, figures 24, 25

Bolivina vaughani Natland, 1938, Scripps Inst. Oceanography
Bull., Tech. Ser., v. 4, no. 5, p. 146, pi. 5, fig. 11. 

Bandy and Arnal, 1957, Am. Assoc. Petroleum Geologists 
Bull., v. 41, p. 2G50.

Test very small, compressed, oval in cross section, 
tapering to subacute initial end; periphery rounded; 
chambers low, slightly inflated, with slight lobe on each 
side of median line; sutures depressed, distinct, bend­ 
ing around lobe, curved, oblique to periphery; wall 
finely perforate; aperture a small loop shaped opening 
on inner face of last chamber.

QUANTITATIVE DATA (PL. 12)

Observed depth range: 37 to 82 meters.
Abundance (I). Abundant in C-6, C-17, rare in 

C-2 (37 m), C-20 (47 m), and C-4 (40 m).
Length (II). Distribution normal; standard and 

observed ranges (S.R., O.E.) similar, very small; devia­ 
tions small: variability (V) very low.

Number of chambers (III). No dimorphism; wide 
scatter; number of chambers increasing rapidly. 
Smallest number of chambers observed, seven pairs.

Width (IV). Width increasing little with length.
Flare (V). Length range too small, scatter too 

great to allow meaningful axis to be drawn.
Living specimens. None found.

DIAGNOSTIC FEATUBES

The species is extremely small, and parallel sided. 
The most distinctive feature is the presence of lobes 
on the median part of the chambers. No dimorphism 
was found.

The species occurs only in shallow depths.

Bolivina (Bolivina) inflata Heron-Alien and Earland 

Plate 30, figures 22, 23

Bolivina inflata Heron-Alien and Earland, 1913, Royal Irish
Acad. Proc., v. 31, pt. 64, p. 68, pi. 4, figs. 16-19. 

Cushman, 1937, Cushinan Lab. Foram. Research, Spec. 
Pub. 9, p. 166, pi. 18, fig. 16.

Test small, rapidly tapering from subacute initial 
end; periphery broadly rounded; chambers much in­ 
flated, increasing rapidly in size, so that terminal end 
appears inflated; sutures distinct, depressed, fairly 
straight, oblique; wall finely perforate, white; aperture 
loop shaped, with no lip.

QUANTITATIVE DATA (PL. 13)

Observed depth range. 47 to 450 meters.
Abundance (I). Common in C-6, C-17, rare in 

C-8, very rare in C-20 (47 m), and C-16 (144 m).
Length (II). Distribution near normal, range 

small; variability (V) low. Size about the same 
throughout depth range.

Number of chambers (HI). No dimorphism. Scat­ 
ter great. Smallest number of chambers observed, six 
pairs.

Width (IV). Width increasing rapidly and uni­ 
formly with length.

Flare (V). Length range too small, scatter too 
great to allow calculation of meaningful axis, except 
in C-17, where taper is moderately low.

Living specimens. None found.

DIAGNOSTIC FEATURES

This species is small and rare. It is distinguished 
by the globular shape of its chambers, its evenly taper­ 
ing form, and silvery appearance. It is not dimorphic.

Bolivina globulosa Cushinan (Cushman Lab. Foram. 
Research Contr., v. 9, p. 80, pi. 8, fig. 9, 1933) is very 
similar to this species, and should perhaps be included 
in the synonymy of B. inflata.

Bolivina (Bolivina) pseudobeyrichi -Cushman 

Plate 31, figures 3-8

Bolwina beyrichi Ruess var. alata Cushinan, 1911 [not Segu-
enza], U.S. Natl. Mus. Bull 71, pt. 2, p. 35, fig. 57. 

Bolivina pseudobeyricJii Cushman, 1926, Cushman Lab. Foram.
Research Contr., v. 2, p. 45. 

Cushman, 1927, Scripps Inst. Oceanography Bull., Tech.
Ser., v. 1, no. 10, p. 156, pi. 3, fig. 7.

Cushman, 1937, Cushman Lab. Foram. Research, Spec. Pub. 
9, p. 139-140, pi. 19, figs. 4, 5.

Test large, fragile, tapering rapidly from subacute 
initial end, occasionally tending to become uniserial; 
periphery except for first few chambers usually with 
broad keel, produced downwards at ends of chambers 
into long fragile spines; some with narrower keel, 
shorter spines; chambers inflated, increasing rapidly in 
size as added; sutures depressed, curved, oblique to 
periphery; proloculus round, inflated, first pair of 
chambers wrapping half way around it, proloculus di­ 
ameter of microspheric form less than 0.017 mm, of 
megalospheric form 0.025-0.075 mm; wall finely per­ 
forate, transparent, showing internal structure; aper­ 
ture large with flaring lip, well-developed internal 
tooth.

QUANTITATIVE DATA (PL. 14)

Observed depth range. 435 to 1,700 meters. 
Abundance (I). Common in C-8, C-14, C-9, rare 

in C-13, very rare in C-15 (435 m), C-10 (1,700 m).
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Length (III). Distribution not near normal curve; 
length range large; variability (V) high. Distribu­ 
tion and statistics similar throughout depth range.

Number of chambers (III). Weakly dimorphic, 
shown by proloculus diameter and by number of cham­ 
bers. Few microspheric specimens present. Cham­ 
bers higher in C-14 and C-9 than in C-8. Smallest 
number of chambers observed: microspheric form, 4 
pairs; megalospheric form, 2 pairs.

Width (IV). Width increasing very rapidly with 
increase in length. Scatter moderate. Dimorphism 
not shown.

Flare (V). Eapid taper shown by low angle of axis. 
Most flaring in C-14 and C-9.

Living specimens. Distribution of living specimens 
conforms to that of dead.

DIAGNOSTIC FEATURES

The test is large, fragile, and transparent. The 
chambers are inflated, and the early chambers are 
wrapped around the proloculus. The typical form has 
a wide fragile keel, but this appears not to be present 
on specimens from relatively shallow water.

The aperture is large, with a well-defined tooth, and 
tends to become terminal in largest specimens.

These specimens agree closely with forms figured by 
Cushman (1911, 1937). Great variation in width of 
keel is shown: forms in C-8 (450 m) and C-15 (435 
m)) (pi. 31, figs. 6, 7) lack the broad fragile keel found 
on specimens in deeper samples (pi. 31, figs. 3-5). Ex­ 
cept for this difference, specimens from all samples are 
identical. Possibly the narrow-keeled form should be 
considered a subspecies.

As the keel and spines are very fragile, the widths 
measured for all specimens exclude the keel.

Bolivina (Bolivina) bradyi Asano 

Plate 31, figures 1, 2

Bolivina beyrichi Reuss. Cushman, 1911, U.S. Natl. Mus. Bull. 
71, pt. 2, p. 34-35, fig. 56.

Bolivina bradyi Asano, 1938, Geol. Soc. Japan Jour., v. 45, no. 
538, p. 603, pi. 16, fig. 2.

fLoxostoma instabile Cushman and McCulloch, 1942, Alien Han­ 
cock Pacific Expedition, Repts., v. 6, no. 4, p>. 221-222, pi. 
28, figs. 6, 7 [not pi. 27, figs. 15-17, pi. 28, figs. 1-5].

Test compressed, tapering, tending to become uni- 
serial; periphery subacute to subrounded; chambers 
slightly inflated, increasing rapidly in size as added, 
posterior ends of chambers produced downwards into 
sharp spines; proloculus varying in size, but without 
showing sharp dimorphism; sutures depressed, curved, 
oblique; wall coarsely perforate except for upper inside 
corners of chambers, which are clear, imperforate;

aperture large, with lip and well-developed internal 
tooth.

QUANTITATIVE DATA (PL. 15)

Observed depth range. 80 to 450 meters.
Abundance (I). Rare in C-6 and C-17, very rare in 

C-8 (450m).
Length (II). Distribution flat, but standard range 

(S. E.) similar to observed range (O. E.); deviations 
(MD, o-) moderate; variability (V) moderate. .

Number of chambers (HI). Scatter great. No 
dimorphism, proloculus diameter variable. Smallest 
number of chambers observed, six pairs.

Width (IV). Increasing evenly but slowly with in­ 
creasing length.

Flare (V). Eate (5f taper moderate, scatter great.
Living specimens. None found.

DIAGNOSTIC FEATURES

The species is quite similar to B. pseudobeyrichi but 
is distinguished from that species by being much nar­ 
rower. The narrow keel is produced into spines. It is 
probably an ecologic variant of B. pseudobeyrichi (see 
pp. A22, A23 and fig. 13), but too few specimens were 
found to confirm the relationship.

No dimorphism was found.

Subgenus LOXOSTOMUM Ehrenberg, 1854

Type species. Loxostomum subrostratum Ehren­ 
berg. Early part of test like Bolivina s. s., later tend­ 
ing to become uniserial; aperture of early part like that 
of Bolivina, later tending to become terminal and oval.

Bolivina (Loxostomum) boltovskoyi, n. sp. 

Plate 31, figures 9,10

Bolivina bramlettei Kleinpell. Cushman and McCulloch, 1942, 
Alien Hancock Pacific Expedition Repts., v. 6, no. 4, p. 
189-190, pi. 22, fig. 7 [not figs. 8-13].

Test large, robust, thick, tending to become uniserial; 
periphery broadly rounded, lobed; test tapering to sub- 
acute initial end; chambers inflated, increasing rapidly 
in size, later chambers with posterior ends tending to 
be produced into spines; sutures depressed, slightly 
curved, oblique; wall finely perforate, thin; aperture 
large, tending to become terminal, with well-developed 
internal tooth.
QUANTITATIVE DATA (PL. 16)

Observed depth range. 435 to 450 meters.
Abundance (I). Common in C-8 and C-15.
Length (II). Distribution near normal curve; 

standard range (S. E.) smaller than observed range 
(O. E.); variability (V) moderate.
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Number of chambers (III). No dimorphism in 
number of chambers, although weakly dimorphic in 
proloculus diameter. Smallest number of chambers ob­ 
served, three pairs.

Width (IV). Increasing rapidly in early part of 
test, more slowly in later part. Dimorphism not 
shown.

Flare (V). Eate of taper great, shown by low angle 
of axis. More flaring in C-8 than C-15.

Living specimens. Distribution like that of dead 
specimens.

DIAGNOSTIC FEATURES

The test is large, with broadly rounded periphery. 
The ends of the later chambers overlap previous cham­ 
bers and form spines. Chambers are inflated, and the 
wall is translucent. The aperture is very large and 
terminal.

The depth range is restricted.
This form differs from Loxostomum instabile Cush- 

man and McCulloch (1942, p. 221-222, pi. 27, figs. 16-17, 
pi. 28, figs. 1-7) by its larger size, rounder periphery, 
and more inflated chambers. It does not tend to be­ 
come so distinctly uniserial as that species.

Holotype: USNM 626567, from sample C-15, lat. 
12°12.0' N., long. 88°08.2' W-, from 435± meters.

Bolivina (Loxostomum) salvadorensis, n. sp. 

Plate 31, figures 11, 12

Test elongate, flat, narrow, tending to become uni­ 
serial; periphery smooth, rounded; test tapers evenly 
to subacute initial end; chambers numerous, not in­ 
flated, later chambers high; sutures only slightly de­ 
pressed, broad, white; wall finely perforate, except for 
upper parts of later chambers, which are clear, im- 
perforate; aperture large, tending to become terminal, 
but with lip extending to base of chamber, and with 
well-developed internal tooth.

QUANTITATIVE DATA (PL. 17)

Observed depth range. i35 to 885 meters.
Abundance (I). Rare in C-15, C-8, very rare in 

C-9 (885m).
Length (II). Distribution flat, skewed to right 

(many large individuals); deviations moderate; stand­ 
ard range (S. R.) near observed range (O. R.) ; vari­ 
ability (V) low. Statistics for C-8 and C-15 very 
similar.

Number of chambers (HI). Dimorphism question­ 
able; only one microspheric (?) form found; megalo- 
spheric( ?) proloculus diameter variable.

Width (IV). Relation of length and width variable, 
maximum width of many long forms less than that of

shorter forms. In general, width increases very grad­ 
ually with increase in length.

Flare (V). Scatter great, axis slope steep, indicat­ 
ing nearly parallel-sided species.

Living specimens. Abundant in C-15; distribution 
corresponding to that of dead specimens.

DIAGNOSTIC FEATURES

The test is large and flat, with rounded periphery. 
The sutures are limbate, white, and flush with the sur­ 
face. The chambers are not inflated, and the periphery 
is smooth.

The flatness and lack of chamber inflation distinguish 
this species from B. mayori Cushman (1922, p. 27, pi. 3, 
figs. 5,6).

Holotype: USNM 626569, from sample C-15, lat. 
12°12.0' K, long. 88°08.2' W., from 435± meters.

Genus SFGGRFNDA Hoffmeister and Berry, 1937

Test biserial, minute, elongate, tapering, tending to 
be twisted; chambers somewhat angular, tending to be 
spinose; walls calcareous, hyaline, rather coarsely per­ 
forate; aperture semilunate at base of apertural face.

This genus is closely related to Bolivina, differing 
mainly in shape and position of the aperture.

Suggrunda eckisi Natland

Plate 31, figures 13, 14

Bolivina pygmaea H. B. Brady. Cushman and Moyer, 1930, 
Cushman Lab. Foram. Research Contr., v. 6, pt. 3, p. 57, 
pi. 8, fig. 4.

Suggrunda eckisi Natland, 1950, Geol. Soc. America Mem. 43, 
pt. 4, p. 23, pi. 9, fig. 12.

Test small, tapering from subacute initial end, oval 
in cross section; periphery broadly rounded, posterior 
parts of later larger chambers produced into downward- 
projecting spines; chambers numerous, slightly in­ 
flated; sutures depressed, nearly straight, slightly 
oblique to periphery; proloculus diameter 0.01 mm; 
wall finely perforate, uppermost part of chambers on 
most specimens clear; aperture a slit at base of aper­ 
tural face.

QUANTITATIVE DATA (PL. 18)

Observed depth range. 64 to 3,200 meters.
Abundance (I). Abundant in C-6, C-17, common 

in C-9, C-8, C-14, rare in C-16, C-10, and very rare in 
C-18 (64 m), C-15 (435 m), C-13 (1,600 m), and C-ll 
3,200 m).
I^ength (II). Distribution like normal curve; stand­ 

ard range (S. R.) and observed range (O. R.) similar; 
deviations small; variability (V) low. Mean length 
and range decrease slightly with increasing depth.
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Number of chambers (III). No dimorphism; scat­ 
ter great. Chambers equal in height in all samples.

Width (IV). Width increasing rapidly with length, 
scatter great.

Flare (V). Scatter great, length range too small to 
allow meaningful axis to be drawn.

Living specimens. Only one found, in C-17.

DIAGNOSTIC FEATURES

The species is small, with low chambers whose pos­ 
terior ends are produced into spines. No dimorphism 
was observed.

The depth range is very great.
Suggrunda eckisi is very similar to 8. kleinpelli 

Bramlette (Woodring and Bramlette, 1950, p. 59, pi. 23, 
figs. 4, 5, and 9), differing by having straighter less 
oblique sutures.

FAUNAL DISTRIBUTION

Plates 19 to 27 represent the nine samples for which 
statistical data were compiled, showing the species pres­ 
ent in each sample and the variations between these 
species in size, shape and abundance. Figure 8 shows 
the relative abundance of each species in each sample 
and the depth range of each species within the 80- to 
1,700-meter depth range.

Three samples (C-6, C-17, and C-16) are from the 
continental shelf, and are within the photic zone. C-6 
and C-17 are from nearly the same depth (80,82 meters) 
and their faunas are very similar. C-16 is from 144 
meters, and is quite dissimilar from shallower or deeper 
samples. The main characteristic of the shallow faunas 
is the predominance of small species (Bolivina striatula,, 
B. acuminata,, B. vaughani, and B. inflata). Some 
large species are present, but form a relatively small 
percentage of the total fauna.

The 6 samples from 400 to 1,700 meters (C-15, C-8; 
C-14, C-9; CKL3, C-10 [pis. 22-27]), from the conti­ 
nental slope, all contain similar faunas. All have a 
prevalence of large species, Boli/uina seminuda, B. semi- 
perforata, B. argentea, B. subadvena, and B. pseudobey- 
richi, whereas small species compose a relatively small 
proportion of the faunas. The 6 samples in this depth 
range are 3 depth pairs; of these 3 pairs, C-14 and C-9 
(800+ m) contain the largest and most flaring speci­ 
mens. Each member of a pair is more similar to the 
other member than to any other sample.

In summary, the following general trends in the 
Bolivina faunas can be found: Faunas from the con­ 
tinental shelf vary rapidly in composition with increas­ 
ing depth, whereas composition of slope faunas changes 
little. The shelf species are generally small, with mean 
lengths around 0.25 mm; the slope faunas are composed

of larger forms, with mean lengths about 0.50 mm. 
Loxostomum species are present only on the upper part 
of the slope. Suggrunda eckisi is present at all depths 
from which collections were made.

CONCLUSIONS

The quantitative and qualitative analyses of the 
bolivinid faunas have contributed information on four 
problems: (a) Uniformity of faunas from similar 
ecologic niches; (b) accumulation in place versus 
downslope movements; (c) statistical differentiation 
of species; and (d) variation within species under dif­ 
ferent ecologic conditions. The ecologic factors that 
control the distribution of bolivinids can be surmised 
from these data.

Quantitative and qualitative data for all species are 
summarized in plate 28. All line drawings of all 
species are at the same scale; where present, both 
microspheric and megalospheric forms are shown. 
Qualitative descriptions of morphologic characters in­ 
clude periphery, character of sutures, and ornamen­ 
tation.

Quantitative data include depth ranges and changes 
with depth. Changes with depth include length 
parameters, growth index parameters, number of 
chambers, and proloculus diameter. The quantities 
are shown for each sample, and are plotted against 
depth.

Length and growth index data are shown as bar 
diagrams, described fully by Hubbs and Perlmutter 
(1942), and Hubbs and Hubbs (1953). The diagrams 
show observed range (O. K.), standard deviation (o-), 
mean (M), and the standard error of the mean (o-M ). 
These parameters are very useful in determining differ­ 
ences or similarities within species between different 
samples. The standard deviation indicates dispersion 
about the mean, and is independent of the frequency 
of measured specimens. The standard error of the 
mean (see p. A14) is dependent on the frequency of 
measured specimens, and hence is a measure of relia­ 
bility of the mean. A distance of 2o-M on either side 
of the mean should include 96 percent of possible 
values of the mean. Therefore, if there is no overlap 
of this value for two samples, the difference can be 
considered significant. Hubbs and Hubbs (1953, 
p. 55, fig. 4) provide a graph by which probable signifi­ 
cance of observed differences between any two samples 
can be obtained. For the purposes of this report it is 
sufficient to assume that differences are significant if 
the 2o-M bars for different samples do not overlap.

Values for number of pairs of chambers and pro­ 
loculus diameter are given separately for microspheric 
and megalospheric forms.
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FIGURE 9. Bar diagram for comparison of 
parameters of range and mean. (See pi. 
28.> Range (O. R.) is shown by the basal 
black line; the mean (M), by a vertical 
line. The blackened bar equals two stand­ 
ard errors of the mean (<r M ) on either ||rt 
side of M. The white bar equals one 
standard deviation (a) on either side of 
M ; a indicates dispersion ; 2<r M . reliability.

FAUNAL UNIFORMITY

The samples described in this report were taken in 
pairs from nearly identical depths (figs. 1, 2; table 1). 
This was done to test the uniformity of faunas from 
the same habitat. As shown in figure 8, the results are 
encouraging, as data from paired samples are in fact 
very similar. Not only are species present in depth 
pairs the same, but statistical data are also similar. 
For example, an examination of data for two variable 
species, Bolivina seminuda (pi. 1) and B. subadvena 
(pi. 9), reveals that data for the depth pairs C-15 and 
C-8 are similar, as are data for C-9 and C-14. How­ 
ever, C-8 and C-15 are different from C-9 and C-14. 
The same comparison can be made between other sam­ 
ples for other species. It appears from these examples 
that a single sample is probably representative of sam­ 
ples taken from that depth anywhere in the area.

ACCUMULATION OF SAMPLES

A serious problem in evaluating a faunal sample is 
the question of indigenous accumulation versus trans­ 
portation to the locality by downslope movements. 
One method of resolving the problem is comparison of 
living and dead specimens from the same sample; 
probably the living specimens are in place. In most 
of these samples, living specimens of bolivinids are 
present, abundantly in some. The size and shape dis­ 
tribution of these living forms conforms to that of dead 
forms in all cases, indicating that probably the dead 
forms are in place also. Another check on the problem 
is provided by analysis of plate 28 and of the species 
charts for variable species. For example, the length, 
height of chambers, and flare of Bolivina subadvena 
(pi. 9, columns II and V) are significantly greater in 
sample C-14 (800 m) than in C-8 (450 m), and points 
cluster tightly along the axes in both samples. A sim­ 
ilar change occurs in Bolivina seminuda (pi. 1) in the

same samples. These examples indicate that there has 
been no mixing of the two faunas.

It is very probable, therefore, that the dead popula­ 
tion in this area is related to the living population and 
that statistics for the dead faunas can be regarded as 
representing faunas in situ.

STATISTICAL DIFFERENTIATION OF SPECIES

In this paper, 18 different species belonging to the 
subfamily Bolivinidae have been distinguished. Plate 
28 is a key to the species of Bolivina and Suggrunda 
herein discussed, presenting both quantitative and qual­ 
itative characteristics. No single character, either quan­ 
titative or qualitative, can be used to distinguish all 
species.

For the initial classification into species, only qualita­ 
tive criteria of morphology shape, sutures, ornamen­ 
tation, and other characteristics were used. On the 
basis of these characters, 8 of the 18 species are dis­ 
tinct : Bolivina minuta, B. subadvena, B. tongi filacos- 
tata, B. acwninata, B. vaughani, B. inflata, B. saJ/oador- 
ensis, and Suggrunda eckisi. The other 10 fall into 4 
groups: (a) Bolivma seminuda, group (B. seminuda, B. 
humilis, B. pacifica) ; (b) Bolivina argentea group (B. 
argentea, B. interjuncta bicostata) ; (c) Bolivina stri- 
atula group (B. striatula, B. semiperforata) ; and (d) 
Bolivina pseudobeyrichi group (B. pseudobeyrichi, B. 
bradyi, Loxostomum boltovskoyi) . The members of 
each of the four groups are similar to each other in form, 
and so possible intergradation between the supposed 
species was tested by quantitative methods. Triangu­ 
lar graphs (Burma, 1948, p. 755, 756) were composed 
on which three quantitative parameters (length, num­ 
ber of pairs of chambers, and length to width ratio) 
are compared. Actual values are not plotted, but rather 
their percentage contribution to the sum of the charac­ 
ters. To give as wide a spread on the graph as possible, 
the parameters were given approximately equal weights: 
x (length) + x (number of pairs of chambers X 4) + x 
(length to width X 10) =100 percent. The percent­ 
ages are plotted on the graphs, which show only the 
proportions between the (weighted) parameters.

Bolivina seminuda group. Bolivina seminuda, B. 
humilis, and B. pacific® are morphologically similar; 
all have broadly rounded peripheries and all have the 
upper part of chambers clear and imperforate. The 
three species have different but overlapping depth 
ranges. Quantitatively, Bolivma seminuda is a large 
strongly dimorphic form with a moderate flare. B. 
humilis is a small form with flare only slightly less than 
that of B. seminuda, with slightly noded sutures, and 
only weak dimorphism. B. pacifica is close in size to B. 
humilis, but can easily be distinguished from the latter 
by its smaller flare, lack of dimorphism in most samples,
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and oblique sutures. A triangular diagram for these 
three species (fig. 10), from C-15, bears out the above 
observations.

The fields of the microspheric and megalospheric 
forms of B. semmuda are widely separated; the micro- 
spheric forms occurs within the field of B. -humilis, but 
the megalospheric forms show almost no overlap. B. 
hwnilis shows weak dimorphism. B. pacifica shows 
almost no overlap with either of the other species.

Bolivina argentea group, Bolivina argentea and B. 
interjuncta bicostata resemble each other, but can be 
easily distinguished. Bolivina argentea has a distinct 
keel, limbate sutures, and a silvery opalescent wall; B. 
interjuncta bicostata lacks these features. Quantitative 
data show that B. argentea is larger, more rapidly 
tapering, and more strongly dimorphic. A triangular 
graph of the two species (fig. 11) shows these differences 
graphically. B. interjuncta biscostata shows weak di­ 
morphism, and occupies a very compact field. B. 
argentea shows strong dimorphism, and its field only 
slightly overlaps that of the other species. The two 
species are unfortunately from different samples, but 
the separation appears great enough to indicate that the 
two are different species.

Bolivina striatula group. B. striatula and B. semi- 
perforates are quite similar in appearance, both having 
clear areas on the chambers and strongly oblique sutures. 
B. semiperforata can be distinguished by its much 
larger size and strong dimorphism (B. striatula is not 
dimorphic), as well as by the shape of the chambers and 
character of the sutures. The depth ranges are very 
different, B. striatula ranging no deeper than 144 meters 
and B. semiperforata no shallower than 800 meters. A 
triangular graph for the two species (fig. 12) shows the 
strong dimorphism of B. semiperforata by the wide gap 
shown between the distribution fields for the micro- 
spheric and megalospheric forms. The field of the mi­ 
crospheric form and the small compact field of B. 
striatula overlap slightly.

Bolivina pseudobeyrichi group. This group includes 
representatives of two subgenera of the genus 
Bolivina Bolivina s. s. (B. pseudobeyrichi, and B. 
bradyi) , and Loxostomum (B. boltovskoyi). All have 
inflated, similarly shaped chambers, thin transparent 
walls, and similar apertures. B. pseudobeyrichi is the 
largest and most rapidly tapering of the three forms, 
and usually has a wide fragile keel. B. bradyi is very 
similar, differing in being more elongate and narrow. 
B. boltovskoyi is obviously related to the other two, but 
has a broadly rounded periphery. The depth ranges of 
the three species overlap. A triangular graph of 
Bolivina pseudobeyrichi (sample C-8) and B. bradyi 
(CM>) is given in figure 13. Very little difference is

shown between the two species. However, since B. 
bradyi is very rare, no definite conclusion can be drawn: 
It is possible that B. bradyi ig an ecologic variant of B. 
pseudobeyrichi. B. boltovskoyi is not shown as it is 
distinguished from the other two species by its broadly 
rounded periphery.

Consideration of available data appears to show the 
validity of most of the above species; however, even if 
each group were reduced to a single species, 12 species of 
bolivinids would still be distinguishable. Moreover, 
there would still be 9 species from the 6 square inches 
of core surface of samples C-8 and C-6 and 7 species 
from C-9 (6 living). The fact that so many of these 
species occur together in the same samples possibly in­ 
dicated a response to microenvironments within each 
sample. For example, some species may live in the bot­ 
tom mud, others at the water-mud interface.

VARIATION WITHIN SPECIES WITH DEPTH

One of the most important conclusions to be drawn 
from the data herein compiled is the amount and type 
of variation within species as a function of depth  
and (or) ecology. On plate 28 variations are plotted 
against depth for each species.

Some species show little variation with depth. In 
general, these are the species with low coefficient of 
variability (V) and tight scatter on all diagrams. 
These species are Bolivina pacifica, B. semiperforata, 
B. minuta, B. tongi filacostata, and Suggrunda eckisi. 
For some species the depth range is too small to deter­ 
mine whether variation is present or not.

Bolivina, humilis is remarkably uniform throughout 
its depth range, except that for intermediate depth 
samples its proloculi show dimorphism, while for shal­ 
low and deep samples all proloculi have the same 
diameter.

Species which show great variation with change in 
depth also are highly variable in morphology and show 
a correspondingly broad scatter on variation diagrams. 
These variable species are Bolivina seminuda, B. inter­ 
juncta bicostata, B. subadvena, and B. pseudobeyrichi. 
Variations of these species are described below.

Bolivina seminuda. This species varies both quanti­ 
tatively and qualitatively with depth. It is constant 
in shape, but varies in the number of chambers having 
clear areas. In the shallower samples (C-15, C-8) 
most specimens have clear areas on all chambers; in 
the deeper samples, most specimens have clear areas 
only on the last chambers. In samples C-9 and C-14, 
the species reaches a maximum in size, height of cham­ 
bers, flare, and megalospheric proloculus diameter. 
Maximum abundance occurs in C-14. Differences of 
length means and growth index means between C-9 
and C-14, and C-8 and C-15 are significant.
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V =4 specimens or more

NUMBER OF PAIRS OF CHAMBERS

FIGURE 10. Triangular diagram showing percentage contribution of length, number of pairs of chambers, and length to width ratio [X 
(length) + X (number of pairs of chambers X 4) + X (length to width X 10) =100 percent].
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FIGURE 11. Triangular diagram showing percentage contribution of length, number of pairs of chambers, and length to width ratio 
[X (length) + X (number of pairs of chambers X 4) + X (length to width X 10) =100 percent].
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FIGURE 12. Triangular diagram showing percentage contribution of length, number of pairs of chambers, and length to width ratio 
[X (length) + X (number of pairs of chambers X 4) + X (length to width X 10)'= 100 percent].
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FIGURE 13. Triangular diagram showing percentage contribution of length, number of pairs of chambers, and length to width ratio 
[X (length) + X (number of pairs of chambers X 4) + X (length to width X 10) =100 percent].
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Bolivina interjuncta bicostata. This species has a 
small depth range, but shows some variation in size, 
number of chambers, and megalospheric proloculus di­ 
ameter with changing depth.

Bolivina subadvena. This form is extremely vari­ 
able in width, periphery, and amount of suture crenu- 
lation; these variations occur in all samples. There is 
also a distinct change with depth; a wide gap is shown 
between the mean lengths for C-9 and C-14 and those 
for C-8 and C-15, indicating a significant difference in 
means. Specimens in C-9 and C-14 are more abundant, 
much larger, have higher chambers, larger megalo­ 
spheric proloculi, and are more flaring than those of 
deeper or shallower samples.

Bolivina pseudobeyrichi. This species is quite uni­ 
form in size and shape; no significant difference of 
length or growth index between samples is indicated. 
However in shallower samples (C-8 and C-15) the keel 
is extremely narrow (pi. 31, figs. 6, 7) while in deeper 
samples the keel is wide and fragile (pi. 31, figs. 3-5).

From the above descriptions, it appears that intra- 
specific variation follows no rules, but that each species 
varies in a different manner. However, where great 
size variation is shown, greatest abundance, maximum 
size, rate of growth, and flare occur at depths of 800-900 
meters, as in samples C-9 and C-14.

ECOLOGIC FACTORS

The two traverses cross two different ecologic prov­ 
inces: the continental shelf and the continental slope. 
Physicochemical factors affecting foraminiferal popu­ 
lations are considerably different in these two prov­ 
inces.

On the shelf (where Bolivina species are small, and 
specific content varies rapidly with relatively slight 
depth changes) all of the following factors must be 
considered: light, turbulence, bottom flora, rapidly 
changing temperature, salinity, pH, oxygen content, 
and organic content of the sediments.

On the slope (where the Bolivina species are large 
and there is little change in species content with great 
change in depth) two of the factors that must be con­ 
sidered on the shelf are not important. These factors 
are light, and flora. In addition, salinity shows no 
change, pH and temperature very little.

Variation which does occur on the slope is intraspe- 
cific. Specimens reach a maximum size, flare, height of 
chamber, and abundance at 800-900 meters (samples 
C-9 and C-14). This depth coincides with the oxygen 
minimum and the nitrogen maximum. Whether the 
large size of forms at this depth is due to favorable or 
to adverse conditions is uncertain. Recent work by 
Bradshaw (1957) indicates that large size and high

chambers in the species Streblus beccarii var. tepida 
are a result of slow growth and unfavorable conditions. 
However, the greater abundance of specimens, living 
and dead, at the oxygen minimum indicates that condi­ 
tions were probably favorable.

The species present on the slope are dissimilar. 
Bolivina subadvena is thick shelled with coarse pores. 
Bolivina pseudobeyrichi is fragile, thin shelled, with ex­ 
tremely fine pores. Possibly these structural differ­ 
ences are a reflection of different microenvironments: 
B. subadvena may live in the sediments, while B. pseu­ 
dobeyrichi may float on top of them by means of its 
wide keel. Work must be done with living specimens 
to determine the environments inhabited by each of 
these species.

APPLICABILITY OP RESULTS TO FOSSIL CENOZOIC 
FORMS

The quantitative data on species reported here may 
prove useful in identifying or delimiting the same or re­ 
lated species occurring in Cenozoic rocks of the Pacific 
coast, western North America, and elsewhere. Before 
the data can be used with any assurance, however, sim­ 
ilar studies should be made of other Recent faunas con­ 
taining the same or related species.

More generally, this study suggests that quantitative 
studies of well-preserved Tertiary Foraminifera may 
be helpful in establishing species and also in studying 
variation within species, in the hope of providing new 
data relative to paleoecological problems.
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PLATE 29

FIGURES 1-7. Bolivina (Bolivina) seminuda Cushman (p. A15)
1-5. Form with clear areas only on last chambers. 1, 2, megalospheric form, X 112, USNM 626541: 1, aper- 

tural view; 2, side view. 3, 4, microspheric form, X 112, USNM 626542: 3, apertural view; 4, side view. 
5, dissected specimen, X 112, USNM 626543.

6, 7. Typical form, X 112, USNM 626540: 6, apertural view; 7, side view. 
8, 9. Bolivina (Bolivina) pacifica Cushman and McCulloch (p. A16).

USNM 626546, X 188: 8, apertural view; 9, side view. 
10-13. Bolivina (Bolivina) humilis Cushman and McCulloch (p. A16).

10, 11. Megalospheric form, X 188, USNM 626544: 10, apertural view; 11, side view. 
12, 13. Microspheric form, X 188, USNM 626545: 12, apertural view; 13, side view. 

14-17. Bolivina (Bolivina) argentea Cushman (p. A17).
14, 15. Microspheric form, X 112, USNM 626547: 14, apertural view; 15, side view. 
16, 17. Megalospheric form, X 112, USNM 626548: 16, apertural view; 17, side view.
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FIGURES 1 4. Bolivina (Bolivina) interjuncta bicostata Cushrnan (p. A17).
1,2. Megalospheric form, X 112, USNM 626549: 1, apertural view; 2, side view. 3, 4, microspheric form,

X 125, USNM 626550: 3, apertural view; 4, side view. 
5-8. Bolivina (Bolivina) semiperforata Lewis Martin (p. A18).

5,6. Microspheric form, X 125, USNM 626551: 5, apertural view; 6, side view. 7, 8, megalospheric form,
X 125, USNM 626552: 7, apertural view; 8, side view. 

9-10. Bolivina (Bolivina) striatula Cushman (p. A19).
USNM 626553, X 188: 9, apertural view; 10, side view. 

11, 12. Bolivina (Bolivina) minuta Natland (p. A19).
USNM 626554, X 112: 11, apertural view; 12, side view. 

13-17. Bolivina (Bolivina) subadvena Cushman (p. A20).
13, 14. Microspheric form, X 112, USNM 626555: 13, apertural view; 14, side view.
15-16. Megalospheric form, X 112, USNM 626556: 15, apertural view; 16, side view. 17, dissected specimen,

X 112, USNM 626557. 
18, 19. Bolivinia (Bolivinia) tongi filacostata Cushman and McCulloch (p. A21).

USNM 626558, X 112: 18, apertural view; 19, side view.
20-21. Bolivina (Bolivina) acuminata Natland (p. A21). USNM 626559, X 125: 20, apertural view; 21, side view. 
22, 23. Bolivina (Bolivina) inflata Heron-Alien and Earland (p. A22). USNM 626561, X 188: 22, apertural view; 23, side

view. 
24, 25. Bolivina (Bolivina) vaughani Natland (p. A22). USNM 626560, X 188: 24, apertural view; 25, side view.
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FIGURES 1, 2. Bolivina (Bolivina) bradyi Asano (p. A23). USNM 626562, X 112: 1, apertural view; 2, side view.
3-8. Bolivina (Bolivina) pseudobeyrichi Cushman (p. A22). 3-5. Wide-keeled form. 3, 4, megalospheric .form, X 112, 

USNM 626564: 3, apertural view; 4, side view; 5, microspheric form, X 112, USNM 626563, side view. 
6, 7. Narrow.keeled form, X 112, USNM 626566: 6, apertural view; 7, side view. 
8. Dissected specimen, X 112, USNM 626565. 

9, 10. Bolivina (Loxostomum) boltovskoyi n. sp. (p. A23).
Holotype, USNM 626567, X 112: 9, apertural view; 10, sice view. 

11, 12. Bolivina (Loxostomum) salvadorensis n. sp. (p. A24).
Holotype, USNM 626569, X 112: 11, apertural view; 12, side view. 

13, 14. Suggrunda eckisi Natland (p. A24).
USNM 626571, X 188: 13, apertural view; 14, side view.
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