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Counterclockwise Circulation in the Pacific Subantarctic 
Sector of the Southern Ocean 

Abstract. The distribution of isohalines in the upper 500 meters of Pacific 
subantarctic waters can be interpreted as evidence for an endemic counterclock- 
wise circulation, the westward component of which is at 40 to 45 degrees south 
latitude. The distributions of a number of lanternfish species (family Myctophidae) 
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subantarctic waters can be interpreted as evidence for an endemic counterclock- 
wise circulation, the westward component of which is at 40 to 45 degrees south 
latitude. The distributions of a number of lanternfish species (family Myctophidae) 
lend support to such an interpretation. 

A recently completed analysis of the 
distribution of the oceanic fish family 
Myctophidae (lanternfish) in the World 
Ocean south of 30?S (1) required a 
detailed description of the hydrology 
of the Southern Ocean. An important 
part of that task included locating 
dominant hydrographic boundaries in 
the Southern Hemisphere, particularly 
the Subtropical Convergence (STC) 
and the Antarctic Polar Front (APF). 
Extensive published studies and knowl- 
edge of the APF (2, 3) facilitated its 
relatively precise location on a refer- 
ence map. The region of the STC, how- 
ever, has received less attention, and 
its extent and dynamics are poorly un- 
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derstood. Deacon (2), in his classical 
study of the Southern Ocean, defined 
the STC on the basis of surface temper- 
ature gradients and most subsequent 
workers have referred to his "line" as 
the Subtropical Convergence. The fact 
that the convergence between the south- 
ern anticyclonic gyres and the West 
Wind Drift is a broad and transitional 
region characterized by temporal and 
spatial variability, particularly in sur- 
face layers, makes such a line unrea- 
listic. Inspection of a number of sources 
(2, 4-6) for more comprehensive pa- 
rameters to identify the STC region 
resulted in selection of the isohalines 
of the 34.6 and 34.8 per mil at 200 m, 
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Fig. 1. Salinity distribution in Pacific subantarctic waters. (A) Isohalines at 200 and 
500 m. (B) Profile at 0 to 1000 m, 125?W to 127?W. (C) Profile at 0 to 1000 
m, 145?W. Salinity values are per mil. Vertical hatching indicates the region of 
relatively low salinity. Cross-hatching indicates the region of relatively high salinity. 
Abbreviation: LGO Sta., Lamont Geological Observatory Station. Based on data in (6). 
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Fig. 2. Distribution of Symbolophorus sp. 
a and Electrona paucirastra. Shaded areas 
represent the Subtropical Convergence 
(STC) and the Antarctic Polar Front 
(APF). Modified from (1). 

a region which includes the STC as de- 
fined by Deacon. The particular iso- 
halines were chosen because they gen- 
erally approximate the southern region 
of sharpest gradient between warm 
saline subtropical waters and fresher 
subantarctic waters, and because 200 m 
is deep enough to avoid most seasonal 
changes. 

Of interest here is the apparent south- 
eastward extension of the transitional 
region southeast of New Zealand. This 
tongue of saline water has been noted 
previously and attributed to the exten- 
sion of the South Pacific subtropical 
gyre into the West Wind Drift (4). Its 
existence raises a question about the 
origin of the complementary tongue of 
less saline water to its north. 

Although water movement is gener- 
ally regarded to be eastward in the sub- 
antarctic latitudes, the salinity distribu- 
tion in this sector indicates that the 
flow at 40?S to 45?S may be to the 
west. The 200-m isohalines near 50?S, 
between 165?W and South America, 
have higher salinity values than those 
in adjacent northern and southern 
waters; at 500 m relatively high salini- 
ties extend east of at least 100?W (Fig. 
1A). Meridional profiles at 125?W and 
145?W reveal that the tongue of rela- 
tively saline water near 50?S is isolated 
vertically and meridionally from more 
saline water and that its salinity is 
higher in the western profile than in the 
eastern one (Fig. 1, B and C). Con- 
versely, the tongue of low-salinity water 
in the upper 200 m at 40?S to 45?S is 
isolated vertically and meridionally 
from more dilute water, and it is 
fresher in the eastern profile than in 
the western one. These features indi- 
cate that the core layers of high and 
low salinity are flowing in opposite 
directions, the more saline southern 
water to the east and the more dilute 
northern water to the west, and that 
each is mixing with adjacent waters. 
Significantly, Deacon (2, p. 55) re- 
marked that subantarctic water at 40?S 
in this area may flow to the west, but 
his remark has evidently gone unnoticed 
by subsequent authors. 

The existence of what would essen- 
tially be a counterclockwise flow of 
surface and subsurface oceanic water 
between the STC and the APF in the 
Pacific sector would account for the dis- 
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tributions of a number of lanternfish 
species in the Southern Ocean. Several 
major zonal patterns of lanternfish dis- 
tribution have been defined south of 
30?S (1). The distributions of certain 
species within two of the patterns are 
of particular interest. 

1) Of ten species whose distributions 
are essentially restricted to subantarctic 
waters between the APF and the STC, 
only four are circumglobal. Four addi- 
tional subantarctic species are widely 
distributed in the Atlantic, Indian, and 
Pacific sectors, but are generally ex- 
cluded from oceanic subantarctic 
waters of the east-central Pacific sector. 
Disjunct populations of two of these 
species occur between 40?S and 55?S 
near the coast of Chile, a third species 
is found only near the APF in the east- 
central Pacific sector, and the fourth 
species is not found east of about 
120?W. The two remaining subantarc- 
tic species are endemic to oceanic sub- 
antarctic waters of the east-central 
Pacific sector: for example, Symbolo- 
phorus sp. a (Fig. 2). 

2) As with the subantarctic species, 
relatively few of 21 species essentially 
restricted to the transitional region of 
the STC appear to be circumglobal. Of 
particular interest are seven species dis- 
tributed in the Atlantic, Indian, and 
western Pacific sectors, which are ab- 

sent from oceanic waters of most of the 
.east-central Pacific sector. Five of these 
seven species are represented by dis- 
junct populations in the nearshore 
waters of Chile: for example, Electrona 
paucirastra Bolin (Fig. 2). Eleven 
species of another group of widely dis- 
tributed transitional water species do 
occur in oceanic waters of the east- 
central Pacific sector. Many of these 
species reach their southernmost occur- 
rence relative to the STC in this sector, 
and inconclusive data suggest that they 
live at greater depth than the former 
groups of species. 

The absence of a significant number 
of rather widely distributed subantarctic 
species and transitional region species 
from oceanic waters of the east-central 
Pacific sector of the Southern Ocean 
and the presence of the same area of 
endemic species would be difficult to 
explain if, as is widely accepted, the 
dominant flow of water is to the east. 
Myctophids are small organisms (vary- 
ing in maximum standard length from 
about 23 to 250 mm) that are plank- 
tonic during a substantial fraction, if 
not all, of their life spans. It is improb- 
able that lanternfish would be capable 
of maintaining discrete distributions by 
actively responding to environmental 
cues in the presence of diffuse and un- 
directional flow. In general, however, 
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the distribution of lanternfish popula- 
tions suggests that they are maintained 
and integrated by patterns of circula- 
tion (1). Although more rigorous physi- 
cal analysis is required to either con- 
firm the existence of the proposed west- 
ward current at 40?S to 45?S or pro- 
vide a more parsimonious explanation 
for the observed distribution of iso- 
halines, the existence of counterclock- 
wise circulation in Pacific subantarctic 
waters would provide a mechanism for 
the maintenance of endemic species as 
well as the eastward attrition of a sig- 
nificant number of more widely dis- 
tributed subantarctic and transitional 
region species. The fact that additional 
widespread subantarctic as well as tran- 
sitional-region lanternfish species do 
occur in this region might be attributa- 
ble to differences in physiological tol- 
erances or vertical distribution. 

It would be worthwhile to closely 
examine other pelagic taxa for similar 
patterns of distribution in Pacific sub- 
antarctic waters. The appearance of 
such patterns in planktonic protists, for 
example, might affect paleoceano- 
graphic conclusions based on the dis- 
tribution of protistan microfossils in 
subantarctic sediments. On the other 
hand, it seems possible that myctophid 
fossils might be common enough in 
pelagic sediments to at least provide an 
additional reference for paleoceano- 
graphic studies. Not only are the lan- 
ternfish very abundant and the most 
speciose group of oceanic fish, they are 
frequently present in exposed Cenozoic 
and Pleistocene fossil deposits and are 
known to occur (especially otoliths) in 
pelagic sediments. The approximately 
200 Recent species, the distributions of 
which appear to dramatically reflect 
hydrology, represent a remarkable radi- 
ation of low-level carnivores in the 
World Ocean pelagic environments. It 
seems probable that the Myctophidae 
could become increasingly important 
for deciphering the evolution of oceanic 
ecosystems. 

Should the existence of the proposed 
westward current at 40?S to 45?S be 
confirmed by more rigorous physical 
analysis, it could appropriately be 
named the Deacon Current, in honor 
of Sir George Deacon, who first sug- 
gested its possible existence and who 
gave oceanography a model of the 
Southern Ocean which has withstood 
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Gamma-Aminobutyric Acid Effects on 

Pituitary Gonadotropin Secretion 

Abstract. Gamma-aminobutyric acid (GABA) injected into the third ventricle 

of male rats promotes the release of pituitary luteinizing hormone (LH) but not 

follicle-stimulating hormone. When GABA was injected directly into the pituitary 
it was ineffective in promoting LH release. This evidence suggests that GABA 

may play a role in controlling the discharge of hypothalamic luteinizing hormone 
releasing factor. 
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t is generally accepted that neuro- hormone (LH) and follicle-stimulating 
monal substances (releasing and in- hormone (FSH), and this effect is pre- 
ting factors) elaborated by the hy- sumably mediated by a hypothalamic 
lalamus control hormone secretion releasing factor (1). 
n the anterior pituitary gland. How- For several years certain amino acids 
r, the neural pathways and neuro- within the central nervous system have 
ismitters that regulate neurohormone been found to produce alterations in 
:etion have not been completely neuronal function, possibly acting as 
blished. Recently, considerable in- neurotransmitters (2). Gamma-amino- 
st has focused on putative neuro- butyric acid (GABA), for example, is 
lsmitters that may alter the secre- found in high quantities in the rat brain 
t of these hypothalamic neurohor- and may account for transmission at a 
aes. For example, certain biogenic large number of synapses (3). This acid 
nes appear to promote secretion of has also been detected within nerve 

pituitary gonadotropins, luteinizing terminals in various brain regions, with 
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