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Richard Cifelli 
and Roberta K. Smith 

Distribution of 
Planktonic Foraminifera 
in the Vicinity of the 
North Atlantic Current 

Introduction 

The North Atlantic Current is that part of the 
North Atlantic gyre formed south and east of the 
Grand Banks. Although tiie North Atlantic Current 
represents, in part at least, a northern continuation 
of the Gulf Stream, it manifests a distinct hydro-
graphic setting. In this paper, planktonic Foraminifera 
from the vicinity of this current system are described 
and their distributions recorded. In addition, we have 
attempted to discern distributional patterns and ex­
plain them. 

This study is based on plankton collections obtained 
from two cruises of the Woods Hole Oceanographic 
vessel R / V Atlantis II in 1964. The first cruise, At­
lantis II-9, occupied plankton stations during winter-
early spring between 1 February and 29 April in the 
region generally south and east of the Grand Banks. 
The second cruise, Atlantis 77-13, occupied stations in 
the same general region in fall, between 2 and 21 Sep­
tember. I n addition, stations were occupied during 
Atlantis 77-13 west of the Grand Banks, along the 
Gulf Stream's mean path. Figures 1 and 2 show sta­
tion locations from both cruises with respect to the 
major circulatory features of the North Atlantic. 

As our studies of North Atlantic planktonic Forami­
nifera progress, we become increasingly impressed 
with the complex dynamics of the distribution of 
planktonic organisms. Owing to the environment's 

Richard Cifelli, Department of Paleobiology, National 
Museum of Natural History, Smithsonian Institution, Wash­
ington, D.C. 20560. Roberta K. Smith, Department of 
Paleobiology, National Museum of Natural History Smith­
sonian Institution, Washington, D.C. 20560. 

mobility, planktonic organisms are constant, involun­
tary travelers (if we may be permitted an anthropo­
morphic metaphor) that, during their lifetimes, may 
find themselves in places they do not care to be. There­
fore, it is difficult to attach spatial limits to species dis­
tributions or to relate these directly to specific-physio-
chemical factors, such as temperature. Attempts have 
been made to do this (e.g., Be, 1968; Boltovskoy, 
1968), but these schemes, in our view, both oversim­
plify the realities of nature and fail to distinguish 
among spatial, temporal, and physiochemical aspects 
of the environment. 

Information is still insufficient to attempt a general 
synthesis of planktonic foraminiferal distribution in the 
North Atlantic. Therefore, we have, in this study, 
limited our interpretations to particular distributional 
situations. Because the two cruises offer distinctly dif­
ferent distributional data, we describe Atlantis 77-9 
and Atlantis 77-13 separately. We develop our dis­
tributional concepts along with the descriptions. 
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Methodology 

Samples mainly were obtained in oblique tows from 
between 200 and 300 meters with a number 10 plank­
ton net (0.158 mm aperture) having a %-meter open-
mouth diameter. The ship's towing speed was between 
one and two knots. A few samples were obtained from 
between zero and 5 meters depth while the ship drifted 
on station. Figure 4 shows location, time, and depth of 
collections. Samples were preserved in 5 percent for­
malin, buffered with hexamethylenamine. 

After arrival at the laboratory, samples were pre­
pared and concentrated by the ignition method (Sachs, 
Cifelli, and Bowen, 1964; Sachs, 1965; Smith, 1967). 
Briefly, (1) formalin is washed out of samples, (2) 
samples are digested in sodium hypochlorite or 
hydrogen peroxide, (3) the digesting agent is washed 
out and the samples dried, (4) samples are ignited 
at 500°C in a muffle furnace for approximately 1 to 
2 hours, (5) the ashy residue is washed out of ignited 
samples, and (6) dried samples are stored in pyrex 
petri dishes for subsequent study. 

A random specimen count is needed, both to deter­

mine specimen number per given volume of sea water 

and to be sure a taxonomically and numerically rep­

resentative sample is seen and/or picked. Therefore, 

we follow a standard procedure. First, if the prepared 

sample is so large that it overcrowds the picking dish— 

either making specimens more than one layer thick or 

so dense that it is difficult to count specimens in a 

given area of the dish—we split the sample to an ap­

propriate size with a microsplitter. 

We use a rectangular metal picking dish with a grid 
of 100 divisions (Smith, 1967). If the sample contains 
less than 500 specimens, all are examined, counted, 
picked, and identified. If more are present, we select 
a random sample by using a table of random numbers 
to indicate the particular numbered rectangles in the 
picking dish in which specimens are to be counted. 
Thus, by obtaining a continuing mean as specimens 
from different randomly selected rectangles are 
counted, examination of 10 to 20 rectangles usually 
suffices to determine the total specimen number in 
the sample or per given volume of sea water. We 
usually pick and identify between 300 and 400 speci­
mens (every specimen in the randomly designated rec­
tangles). Occasionally, it is necessary to pick more. 
Care should be exercised to spread the sample as evenly 
as possible in the picking dish so as to reduce the num­
ber of rectangles necessary for consideration to reach a 
nearly constant mean. 

Subsequent to picking, all specimens are arranged 
according to species in an assemblage slide. Numbers 
of individuals of each species or taxon are then counted. 
From these numbers, absolute and relative abundances 
are calculated by comparing with the total number in 
the slide and sample. 

Hydrography 

In Figures 1 and 2 the Atlantis 77-13 and - 9 stations 
are plotted on Sheltema's (1968, unpublished data, 
W.H.O.I.) North Atlantic circulation scheme. This 
compilation appears a reasonable compromise of pre­
viously proposed circulatory systems (Stommel, 1958; 
Worthington, 1962; Mann, 1967). It shows North 
Atlantic circulation as essentially a single, clockwise, 
asymmetrical gyre, with the Gulf Stream swinging 
southeast at about longitude 50° W and the North 
Atlantic Current forming a more or less separate eddy 
of restricted dimensions. 

Stommel (1965) gives a thorough account of the 

western North Atlantic hydrography, particularly re­

garding boundary conditions. The principal circula­

tory feature is the Gulf Stream, which originates in 

the Straits of Florida and flows clockwise and north­

easterly between the Sargasso Sea east and south, and 

the slope waters west and north. It does not move in 

a straight course, but flows in meanders which some­

times develop into detached eddies, and the position 

varies appreciably throughout the year. The Gulf 
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FIGURE 1.—Atlantis 7/-13 stations plotted with respect to surface circulation (after Scheltema, 
unpublished data, Woods Hole Oceanographic Institution). 

Stream, therefore, is a dynamic but effective boundary 
between the distinctive cold slope waters and warm 
Sargasso Sea. I t shows a strong temperature gradient 
at the surface and in subsurface. Stommel (1958, p. 
173) states, "The Gulf Stream is not a river of hot 
water flowing through the ocean, but a narrow ribbon 
of high-velocity water acting as a boundary that pre­
vents the warm water on the Sargasso Sea (right-hand) 
side from overflowing the colder, denser waters on the 
inshore (left-hand) side." The concept of the Gulf 
Stream as a boundary rather dian a river of water 
has important bearing on interpretation of distribution 
of planktonic organisms in the North Atlantic. 

The Gulf Stream can be traced about as far as longi­
tude 50°W where it passes southeast of the Grand 
Banks. From there on the continuation appears to con­

sist of several distinct currents, but the nature of these 
currents still is obscure. Apparently, the Gulf Stream 
splits into two main branches (Sverdrup, Johnson, and 
Fleming, 1942, fig. 187; Stommel, 1965). The stronger 
branch is diverted north as the North Atlantic Current. 
The southern branch moves diffusedly clockwise south­
east and blends with the Canaries Current east of the 
Azores. According to this view, the North Atlantic 
comprises a single gyre with no sharp eastern boundary 
of the Sargasso Sea. 

Worthington (1962) proposes a different scheme 
for eastern North Atlantic circulation, whereby the 
Gulf Stream turns entirely southeast after passing the 
Grand Banks, completing a western Atlantic gyre. 
Northeast of this gyre is another, separated from the 
first by a low pressure trough over the southeastern 



SMITHSONIAN CONTRIBUTIONS TO PALEOBIOLOGY 

FIGURE 2.—Atlantis II-9 stations plotted with respect to surface circulation (after Scheltema, 
unpublished data, Woods Hole Oceanographic Institution). 

Newfoundland Ridge. This trough is considered per­
manent, so that two separate gyres maintaining two 
more-or-less distinct water regimes compose North 
Atlantic circulation. 

Mann (1967) proposes a scheme that, in some ways, 
is a compromise of the previous ones. Accordingly, the 
Gulf Stream does swing south at about latitude 50°W, 
as suggested by Worthington. Mann, however, rejects 
the North Atlantic Current as part of a separate gyre. 
He proposes, instead, that both slope water and a 
northern branch of the Gulf Stream, flowing north and 
east, feed the North Atlantic Current. It is true, how­
ever, that Gulf Stream and northern-water sources of 
the North Atlantic Current are still poorly known. 

Mann also suggests that the Gulf Stream swings 
sharply south at about latitude 35 °N and longitude 

40° W. Unfortunately, Mann's data do not extend east 
of longitude 40°W, and thus do not pertain to the 
eastern Atlantis 77-13 and - 9 stations. His scheme, 
however, does suggest that the North Atlantic Current 
forms a partially closed eddy northeast of the main 
gyre. As both Gulf Stream and slope waters feed the 
eddy, a water regime results with planktonic popula­
tions displaying unique dynamic relationships, as dis­
cussed later. 

The North Atlantic Current forms a devious path 
of the North Atlantic gyre that eventually blends with 
the Canaries Current to the east and the Sargasso Sea 
to the south, at about latitude 35°N. Therefore, the 
essential continuity of North Atlantic circulation as a 
single clockwise gyre is maintained, and the North At­
lantic Current behaves as an extension of the Gulf 
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Stream as a transport medium. The continuity of Gulf 
Stream-North Atlantic Current circulation is evi­
denced by drift bottles released from eastern North 
America and recovered in the Azores and the trans­
oceanic occurrences of numerous pelagic larvae of 
tropical shallow-water benthonic invertebrates (Shel-
tema, personal communication). Many pelagic larvae 
have been recovered along the general course of the 
North Atlantic Current. At the same time, however, 
the North Atlantic Current is distinct from the Gulf 
Stream. A significant feature of the Gulf Stream is that 
it borders the Sargasso Sea. No part of the North At­
lantic Current eddy is comparable to the Sargasso Sea 
as the 18° water, a distinctive feature of the Sargasso 
Sea (Worthington, 1959) is lacking there (Sverdrup, 
Johnson, and Fleming, 1942, fig. 186). 

Distributional Data 

Before summarizing the Atlantis 77-13 and - 9 data 
and the distributional patterns implied by them, we 
will review some previous North Atlantic distributional 
data. While these data are few and mostly limited to 
the Western North Atlantic, they serve as a useful 
framework for interpreting the Atlantis 77-13 and - 9 
faunas. 

A study of four seasonal traverses across the Gulf 
Stream (Cifelli, 1962) strongly suggests that the west­
ern North Atlantic could be viewed as containing two 
distinct endemic faunas. One consists essentially of 
Globigerina species and is found in the slope waters 
north of the Gulf Stream. The other consists of a di­
verse group of species belonging to several genera, but 
with numerically few representatives of Globigerina. 

This fauna occurs in the Sargasso Sea and Gulf Stream. 
The Gulf Stream also must contain elements carried 
from the Caribbean Sea, but thus far distinctly diag­
nostic Caribbean elements have not been recognized. 
The Gulf Stream fauna conforms with the concept that 
the Gulf Stream forms the western border of the Sar­
gasso Sea (Stommel, 1965). 

In slope waters adjacent to the Gulf Stream, Globig­

erina species are found with Sargasso Sea and Gulf 
Stream species. This is the boundary fauna and gener­
ally, the frequency of Globigerina species increases with 
distance north of the Gulf Stream's mean path. The 
boundary between the Gulf Stream and slope waters, 
however, cannot be defined rigidly because its extent 
and position vary considerably throughout the year. 

359-866 O—70 2 

Seasonal faunal boundary variations most likely result 
from changes in position and extent of the Gulf Stream. 

According to the concept of two endemic western 
North Atlantic faunas, assemblages in the slope-water 
boundary are regarded as faunal mixtures rather than 
faunal transitions. Although the two western North 
Atlantic faunas appear to maintain their identity 
throughout the year, significant seasonal variations in 
species frequency-relationships occur (Be, 1960b; 
Cifelli, 1962, 1965). Although these variations are not 
fully understood, particularly those occurring north 
of the Gulf Stream, some known aspects bear on the in­
terpretation of the Atlantis II traverses. 

In the Sargasso Sea-Gulf Stream fauna, a spectacu­
lar change in species dominance occurs between sum­
mer and winter. In summer and fall, Globigerinoides 

ruber is dominant, but after the fall turnover it strongly 
declines, along with other Globigerinoides species. In 
winter, G. ruber appears mostly in negligible percent­
ages, while Globorotalia truncatulinoides is dominant. 
During late winter, G. truncatulinoides declines and 
G. hirsuta achieves dominance. In spring, Globigeri­

noides ruber again becomes dominant, but Globigeri-

nella aequilateralis also occurs in high frequencies. 
The extent of slope-water fauna seasonal change is 

much less clear than in the Sargasso Sea-Gulf Stream 
fauna. Partly, the obscurity results from the slope-
water fauna's greater degree of local lateral variation, 
which, in turn, may result from the slope-water envi­
ronment's greater variability than the Sargasso Sea. 
Yet, past work (Cifelli, 1965, pp. 5-8) reveals some 
spatial and temporal frequency changes of Globigerina 

species which might help explain some Atlantis 77-13 
and - 9 frequency relationships. 

In previous traverses across western slope waters, 
maximum concentrations of Globigerina inflata were 
found during fall in inner slope waters, relatively close 
to the Gulf Stream (Cifelli, 1965, p. 6 ) . Be and Hamlin 
(1967, p. 102) also found G. inflata in high concen­
trations during summer in inner slope waters and con­
sidered it an indicator of "transitional waters." They 
also found it considerably less common in the eastern 
Atlantic in summer. 

Globigerina quinqueloba egelida, new subspecies, 
exhibited peak development in western slope waters 
during winter (Cifelli, 1965, p. 7) and was relatively 
scarce during summer. Be and Hamlin (1967) found 
G. quinqueloba egelida maxima during summer in the 
subarctic region. G. incompta has exhibited maxima 



in western slope waters during summer and fall, with 
frequencies being generally higher farther north of the 
Gulf Stream than those of G. inflata. 

From the above data it is clear that the slope-water 
and Sargasso Sea-Gulf Stream faunas each undergo 
significant changes in species frequencies during the 
year. In comparing faunas, one should take into 
account these seasonal changes. 

The Atlantis 17-13 and - 9 collections were made 
when North Atlantic waters were, respectively, warm­
est and coldest. These collections provide some infor­
mation on seasonal faunal changes in the vicinity of 
the North Atlantic Current which is needed for mean­
ingful comparison of this part of the North Atlantic 
water regime with that farther west. Because of the 
marked difference in seasonal setting of the Atlantis 
77-13 and - 9 cruises, they will be treated separately in 
the sections that follow. The check list (Figure 4) 
gives data on the occurrence and numerical abundance 
of all species from both cruises. 

Atlantis 77-13 Distributional Patterns 

The Atlantis 77-13 traverse covers much of the 
breadth of the North Atlantic, transecting a region of 
complex circulation. Changes in faunal associations 
are complex and difficult of interpretation because of 

SMITHSONIAN CONTRIBUTIONS TO PALEOBIOLOGY 

the complexities of the planktonic environment and 
circulation in the region of the traverse; however, the 
tendency toward mutual exclusivity of Globigerinoides 
ruber, Globigerina incompta, and G. quinqueloba 
egelida, new subspecies, reveals some pattern. Figure 5 
shows this, where the frequency of each is shown as 
a percent of the total of the three, not the total 
foraminiferal populations. Three more-or-less distinct 
populations are suggested, with only stations 4 and 29 
appearing transitional. Moreover, these station group­
ings by frequency are spatially compatible (Figure 1). 
Therefore, stations are grouped spatially and evalu­
ated in light of the three distributional patterns sug­
gested by the frequency relationships. As the stations 
were occupied in September, the summer (Cifelli, 
1965; Be and Hamlin, 1967) and fall (Cifelli, 1965) 
seasonal data are used as references. 

NUMERICAL ABUNDANCES AND DIVERSITY 

Numerical abundances vary from about 200 to 80,000 

specimens per 1,000 cubic meters of sea water. Most 

values compare favorably with those found previously 

in western Atlantic slope waters (Cifelli and Sachs, 

1966). The western part of the traverse (stations 

2, 4, 5, 8 ) , however, shows counts less than 6,000 

per 1,000 cubic meters, compared to previous counts 
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600 

, 0 -11 

TOTAL NUMBER OF SPECIMENS PER 1000 M3 IN EACH SAMPLE 
15,800 5,719 H.833 15,191 10,967 20,375 49,064 6,656 16,955 
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^m i mm rtn Globtqermotdes ruber Globigerina incompta Globigerina quinqueloba egelida Globigerina inflata Globigerina bolloides sensu loto 

FIGURE 3.—Numerical abundance relationships among Globigerinoides ruber, Globigerina 
incompta, G. quinqueloba egelida, new subspecies, G. inflata, and G. bulloides, sensu lato from 
Atlantis 7 / -13 stations. 
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SMITHSONIAN CONTRIBUTIONS TO PALEOBIOLOGY 

Globigerina off. G. quinqueloba 
C 

Globigerinoides ruber 

FIGURE 5. 

Globigerina incompta 

-Frequency relationships among Globigerina incompta, G. quinqueloba egelida, new 
subspecies, and Globigerinoides ruber from Atlantis 11—13 stations. 

of over 15,000. Highest abundances come from the 
eastern part of the traverse, with the maximum of 
80,000 from station 34. 

Diversity is relatively high throughout the traverse, 
ranging between 12 and 21 per station and with no 
significant correlation between dominant species and 
diversity apparent. Stations and their diversities are, 
respectively: 2—12; 4—14; 5—18; 8—17; 9—13 
13—14; 16—14; 18—21; 19—17; 21—16; 26—14 
28—15; 29—17; 32—18; 34—15; 36—15; 38—18 
40—14; 42—17. 

Many species are ubiquitous, but only six represent 
10 or more percent of total populations. These are 
Globigerinoides ruber, Globigerina incompta, G. 
quinqueloba egelida, new subspecies, G. inflata, G. 
bulloides, sensu lato, and Globigerinella aequilateralis. 
Figure 3 shows the number of specimens of these 

species per 1,000 cubic meters of sea water at each 
station. G. aequilateralis is excluded because it is only 
fairly well developed at three stations (Figure 4 ) . 
These species' maximum-development areas, percent­
ages, and numerical abundances may be summarized 
as follows. 

Globigerinoides ruber is maximally developed in the 
western area, parallel to or in the path of the Gulf 
Stream, at stations 5, 8, 9, 13, 18, 19, and 2 1 ; it 
reaches a maximum percent of the fauna of 55 at 
station 21 and a maximum abundance per 1,000 cubic 
meters of 20,000 at station 9. Globigerina incompta is 
maximally developed in the eastern area at stations 
32, 34, 36, 38, 40, and 42; it reaches a maximum 
percent of 72 at station 36 and a maximum abun­
dance of 70,000 per 1,000 cubic meters at station 34. 
Globigerina quinqueloba egelida, new subspecies, is 
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maximally developed at northern stations 16, 26, and 
28, reaches 55 percent at stations 16 and 26, and shows 
a maximum abundance of 25,000 per 1,000 cubic 
meters at station 28. Globigerina inflata is maximally 
developed at far western stations 2, 4, and 5, reaches 
35 percent at station 4, and shows a maximum abun­
dance of 5,500 per 1,000 cubic meters at station 5. 
Globigerina bulloides, sensu latio, is maximally devel­
oped at eastern stations 32 and 34, reaches 29 percent 
at station 32 and a numerical abundance of 15,000 per 
1,000 cubic meters at station 34. Globigerinella aequi­
lateralis is best developed at western stations 5, 8, and 
13, reaches 23 percent at station 5 and a numerical 
abundance of 2,500 per 1,000 cubic meters at station 
13. 

STATIONS 2-13, 18, 19, 21 

Stations of the western part of the traverse share a 
common distributional pattern. Stations 2-13 are close 
to the Gulf Stream's mean path or its meanders. 
Stations 18, 19, and 21, located beyond the 
Gulf Stream path, are still within the influence of its 
southern branch. Except for station 4, all show high 
relative frequencies of the dominant warm-water form, 
Globigerinoides ruber, with respect to Globigerina in­

compta and G. quinqueloba egelida, new subspecies 
(Figure 3 ) . Frequencies of Globigerinoides ruber and 
other species indicate a boundary fauna occurring 
adjacent to the Gulf Stream. G. ruber strongly domi­
nates at stations 18, 19, and 21, and 9 and 13, decreas­
ing westerly. This decrease is not unexpected, as the 
Gulf Stream mean path, swinging from the southwest, 
does not reach the latitudes of Atlantis II-13 stations 
until about 55°W longitude, closest to stations 9 
and 13. 

Gulf Stream meandering could account for the 
variability in species frequency relationships at stations 
2-8. Good overall agreement exists in faunal composi­
tion between these stations and those previously oc­
cupied during fall in the slope waters close to, but at 
varying distances from, the Gulf Stream (Cifelli, 1965, 
p. 6 ) . The principal Globigerina species is G. inflata, 

previously seen 'best developed in western slope waters 
during fall and closer to the Gulf Stream than other 
Globigerina species. 

The fairly numerous globigerinas and relatively few 
Globigerinoides ruber at stations 2 and 4 (Figure 4) 
suggest their farthest removal from the Gulf Stream. 
Station 4 being farthest removed from the Gulf Stream 

can explain what we previously (Cifelli and Smith, 
1969) thought an instance of patchiness. Although 
station 4 is no farther from the mean Gulf Stream path 
than 2 and 5, meandering may have placed 2 and 5 
closer to Gulf Stream water. Patchiness in that region 
might be due to mixing of slope and Gulf Stream 
waters. 

The general identity of the western faunal pattern 
continues east and north of the Grand Banks at sta­
tions 18, 19, and 21. Globigerinoides ruber dominates 
and has frequencies from 45 to 55 percent. Globigerina 
frequencies are low, but with G. inflata still the princi­
pal slope-water representative. T h e high frequencies of 
Globigerinoides ruber correlate with high surface tem­
peratures at those stations (Figures 5 and 6 ) . Thus , 
faunal patterns of the western North Atlantic may ex­
tend east and north of the Grand Banks, at least to 
longitude 46°W. Yet, stations 18, 19, and 21 waters 
may be isolated eddies or a continuation of part of the 
Gulf Stream. Bathythermographs from this area reveal 
unusually rapid lateral changes in surface and subsur­
face temperatures. 

STATIONS 16, 26, 28, 29 

Stations 16, 26, and 28 reveal a distinct distributional 
pattern, reflecting their low surface temperatures 
(13.5CC to 16.1 ° C ) . Globigerina quinqueloba egelida, 
new subspecies, dominates and has frequencies between 
51 and 55 percent, more comparable to past records 
of winter rather than fall distribution in the slope 
waters (Cifelli, 1965, p. 7 ) . Likewise, the relatively 
low frequencies of G. inflata (5-11 percent) resemble 
winter more than fall distribution in slope waters. 
Moreover, during summer, G. quinqueloba egelida 
maxima were found in the subarctic region (Be and 
Hamlin, 1967, pp. 90, 96) . Distinct populations, then, 
appear between stations 16, 26, and 28 and those of 
western slope waters. These populations probably were 
stocked mostly from cold Labrador waters. 

Frequencies of Globigerinoides ruber (8-16 percent) 
and occurrences of other Sargasso Sea-Gulf Stream 
species suggest some southern mixture. Yef, mixing ap­
pears relatively minor considering proximity to warm-
water stations. In particular, station 16 is very close to 
a boundary found between relatively cold and warm 
bodies of water. As revealed by bathythermographs, a 
strong thermal gradient marked the front, apparently 
isolating the water bodies and allowing only minimal 
faunal mixing. (Note that we speak of the time of 
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FIGURE 6.—Relationship between percentage of combined species of Globigerina (exclusive of 
G. inflata) and surface temperature from Atlantis 77—13 stations. 

collection of the Atlantis 77-13 stations, as the local 
hydrography varies within limits seasonally and prob­
ably also over greater time spans. Thus, conditions at 
particular geographic points are subject to change.) 

The traverse's northernmost station, 29, appears to 
represent an area of effective mixing. The frequency 
relationships of Globigerinoides ruber and Globigerina 
quinqueloba egelida, and also G. inflata, indicate a 
transitional fauna (Figures 3, 4 ) . The 17.1°C surface 
temperature is intermediate between cold-water G. 
quinqueloba egelida stations and those at previously 
discussed warmer-water stations. Further, bathy­
thermographs reveal no steep thermal gradients nor 
marked cold fronts in the vicinity of station 29. 

STATIONS 32-42 

Stations 32-42, from east of longitude 40°W, reveal a 

third distributional pattern. Like the previous group of 

stations, slope-water elements make up the bulk of the 

populations, but Globigerina incompta rather than G. 

quinqueloba egelida, new subspecies, dominates. Nu­

merous Sargasso Sea-Gulf Stream species occur, but 
their frequencies are consistently low. Of the latter, 
Globigerinoides ruber is the chief representative, as at 
the previous stations. Globigerina bulloides, sensu lato 
is more abundant than elsewhere. G. inflata appears in 
relatively low percentages. Overall, stations 32-42 com­
pare best with outer slope stations during fall (Cifelli, 
1965, p. 6 ) . The great spatial separation, however, with 
the distinct faunal pattern of stations 16, 18, and 19, 
and 29 in between, rules out a direct relationship be­
tween the water bodies represented by these groups of 
stations. The stations 32-42 faunal pattern strongly 
suggests a water regime distinct from those to the west. 

Figure 6 shows the frequency relationship between 
combined Globigerina species and surface temperature. 
It further indicates the distributional pattern's unique­
ness in the eastern waters. (G. inflata is here excluded 
because of its uncertain generic placement (Cifelli, 
1965, p. 14).) The Globigerina frequency-surface tem­
perature correlation allows projection of a line through 
stations 2-29 showing a remarkably good general in-
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verse relationship (Figure 6 ) . Stations 32-42, however, 
cluster above the line; Globigerina frequencies are 
significantly higher than expected from the relatively 
high surface temperatures, using the western stations 
(2-29) as a reference. Interestingly, though, stations 
32-42 tend to cluster such that a line showing an 
inverse relationship in the North Atlantic Current can 
be drawn through them also. The relationship differs, 
however, not only in showing higher temperatures but 
also in showing more variation among the eastern 
stations. Further, deviation from western-stations rela­
tionships appears to increase with distance from west­
ern stations. 

Further to the south, stations 2 and 3 of Chain 
cruise 21, about 12° due south of Atlantis 77-13 sta­
tion 42 (Figure 1) had yielded typical Sargasso Sea 
assemblages (Cifelli, 1967, p. 122). These contrast 
sharply with those from stations 32^-2. Although these 
Chain stations were occupied in December, assemblages 
contained one or less percent Globigerina, with Globi-
gerinella aequilateralis and Globigerinoides ruber 
dominant. 

The anomaly shown by stations 32-42 has im­
portant implications. Slope-water species of Globige­
rina, particularly G. incompta, thrive in the North 
Atlantic Current at surface temperatures favoring 
flourishment of Globigerinoides ruber or other Sar­
gasso Sea—Gulf Stream forms in the western North 
Atlantic. This implies the existence of a peculiar dy­
namic structure in the North Atlantic Current that 
strongly influences the composition of plankton popu­
lations. Therefore, in the fossil record, an increase in 
"cold-water" forms (such as slope-water species of 
Globigerina) need not necessarily imply a decrease in 
temperature of surface waters. A hypothetical explana­
tion of the Globigerina anomaly will be given in the 
following section. 

Summary of Atlantis 77-13 Distributional Patterns 
and North Atlantic Circulation 

WESTERN STATIONS 

West of 50° W, where circulation is best known, dis­

tributional patterns relate closely to the broad aspects 

of the circulation. Planktonic foraminiferal assemblages 

from stations 2-13 show frequency relationships char­

acteristic of inner slope waters relatively close to the 

Gulf Stream during fall. Allowances for distances from 

the mean position of the Gulf Stream and its meander-
ings can account for variations in species frequency 
relationships among these stations. Stations 18, 19, 
and 21, near the North Atlantic Current, show similar 
faunal patterns. These stations are southeast of the 
Grand Banks, near where the North Atlantic Current 
is formed, suggesting a dynamic continuity with the 
waters farther west. Slope-water assemblages char­
acterize stations 16, 26, and 28 and the dominance of 
Globigerina quinqueloba egelida, new subspecies, in­
dicates the influence of cold Labrador water. Roughly 
equal frequencies of slope-water and Sargasso Sea-
Gulf Stream elements at station 29 indicate water mix­
ture there. 

EASTERN STATIONS 

East of 50°W a marked change in distributional pat­
tern occurs and we believe this change is associated 
with the dynamics of the circulation. Stations 32^-2 
are at the edge of and within the eddy formed by the 
North Atlantic Current (Figure 1) . While the Gulf 
Stream partly feeds the North Atlantic Current, the 
water regime is distinct because the North Atlantic 
Current is not a border of the Sargasso Sea as is the 
Gulf Stream. Bathythermographs reveal that the waters 
around stations 32-42 lack the homogenous layer of 
18°C water that characterizes the Sargasso Sea 
(Worthington, 1959). The North Atlantic Current is 
fed by both slope water and the Gulf Stream. No dra­
matic boundary exists between two major hydro-
graphic provinces with different endemic faunas as 
is seen crossing the Gulf Stream. Under these circum­
stances, one might expect a distinct communal struc­
ture in the waters associated with the North Atlantic 
Current. The high frequencies of Globigerina species 
at stations 32-42, therefore, probably indicate the in­
dividuality of North Atlantic Current communal struc­
tures, where the water regime cannot be directly com­
pared with those to the west. 

The North Atlantic Current, however, is not a 
closed system. I t forms a devious path of the North 
Atlantic gyre that eventually blends with the Canaries 
Current to the east and the Sargasso Sea to the south, 
at about latitude 35°N. Therefore, the continuity of a 
single clockwise gyre is maintained, and the North At­
lantic Current is a Gulf Stream extension as a trans­
port medium. The circulation continuity is evidenced 
by drift bottles released from eastern North America 
and recovered in the Azores and the transoceanic oc-


