
SCIENTIFIC CORRESPONDENCE 

Oxygen in the Arabian Sea 
SIR- Variations in the oxygen isotope 
content (6 1'0) of planktonic foraminifera 
from the Arabian Sea have been cited as 
evidence for a stronger northeast mon
soon current at the last glacial maximum 
(LGM), about 18 kyr ago, than during the 
present day 1

• Only by mapping spatial 
patterns of the detailed isotope and faunal 
variations can one truly resolve the salin
ity and temperature controls of foramini
feral tests in this region, but I suggest that 
the existing data support an alternative 
interpretation. 

The northern Bay of Bengal receives a 
freshwater influx of 1.5 x 103 km1 yr- 1 (ref. 
2), whereas several smaller rivers drain 
only 0.3 x 103 km3 yr- 1 into the southern 
Bay of Bengal3

• Thus the Bay of Bengal is 
less saline than the Arabian Sea, and also 
results in a north-south salinity gradient. 
Extensive palaeo-oceanographic studies 
suggest that the LGM was marked by a 
weak Indian southwest monsoon'-"'. As 
the salinity of the Bay of Bengal is linked 
directly to the southwest monsoon-driven 
freshwater runoff, it is likely that salinities 
were similar in both seas during the LGM. 
Moreover, the combined runoff from the 
rivers fed by the northeast monsoon is 
much less than that of the Himalayan riv
ers. Therefore the reported 1 6 180 shift at 
the LGM could be due to the changes in 
the surface conditions at the core locality. 

The ecological constraints on the spe
cies G. sacculifer and G. ruber are known 
in greater detail'". Based on their modern 
distribution pattern in the Bay of Bengal, 
it can be argued that G. sacculifer abun
dance peaks during late summer and early 
autumn, and G. ruber during the summer'. 
A similar pattern seems to exist in the 
Gulf of Aden on the western Arabian 
Sea8

• One can evaluate the Holocene 
surface conditions using the top three 
samples, covering the past 7-8 kyr. One 
finds average values of -1. 59%o and 
-2.1l%o for 6180'", and 6180,0 , respectively. 
From the known relationships between 
temperature, salinity and 6 180 for this 
region", 6180", and 6180'"" are predicted to 
be -3%o and -2.99%o, respectively. Thus 
there are enrichments of 1.41%o for G. 
sacculifer and 0.88%o for G.ruber. But 
Duplessey et al." have noted depletions 
from equilibrium values of 0.6%o for G. 
sacculi fer and 0. 7%o for G. ruber; so 6 180," 
can still be taken to represent surface con
ditions, but 6 180,, has an unexplained 
enrichment of about 0.8%o, perhaps 
because this species secretes calcium car
bonate further down in cooler waters. In 
most depth intervals for this core 6 1'0,, is 
greater than 6 180""' similar to cores from 
the Bay of Bengal and elsewhere"·'. As the 
deduced surface conditions in which these 
two species secrete their shells do not 
differ significantly, this difference must be 
due to the reasons suggested above. 
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Complications from partial dissolution 
could also cause this behaviour9

• 

The figure shows this difference 
expressed as ~ 180 (6 180,, -6 180,"6 ). The 
difference stays fairly constant at about 
0.5%o, except during two periods: a 
minimum around the LGM and a maxi
mum around 12 kyr BP. The latter period 
also coincides with a major climate change 
in the Northern Indian Ocean and the 
Arabian Sea''-'11111

• The LGM was marked 
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The o180 difference between the planktonic 
forams G.sacculifer and G.ruber in the core 
SK-20-185 as a function of depth. Data from 
ref. 1. 

by reduced upwelling in the Arabian Sea, 
resulting in the weakening of the south
west monsoon; higher sea-surface tem
perature (SST) in the Arabian Sea and 
higher salinites in the Bay of Bengal. The 
change of sign in ~ is also significant, 
although individual 6 1'0 values are more 
negative than the pre-LGM values, sug
gesting a reversal in the present-day tem
perature pattern. This is not surprising, 
because the SST pattern of the eastern 
Arabian Sea is influenced by the south
west monsoon: SSTs increase steadily 
from February, decrease from June and 
then reach another maximum in October. 
During a weak southwest monsoon at the 
LGM, the region would have behaved like 
middle and high latitudes, where SSTs 
increase steadily through the summer. 
The G. ruber isotope shift indicates a 
warming of the Arabian Sea surface by 
-2 °C, whereas the shift in 6180," suggests 
an increase of about 4 oc while its abun
dance peaks. This is consistent with previ
ous studies which suggest that the Arabian 
Sea SST during the LGM was higher by 
about 2 oc, especially during August'. 
The~ 180 anomaly at 12 kyr before pres

ent is in the right sense 6 180", > 6180"'6 • 

This time period, the middle termination, 
was characterized by the return of a per
haps even stronger southwest monsoon'. 
It is also recorded in the sediments from 
other Arabian Sea coresw. The isotope 
record in this core 1 shows very little 
change in 6 180", but a negative excursion 
of about 0.5%o in 6180,0 • As 6 180,6 is sup-

posed to reflect pre-monsoon surface con
ditions, it appears that during the middle 
termination, the pre-monsoon SSTs rose 
by about 2 oc. This may also have meant 
higher land temperatures, and, when 
coupled with the re-establishment of the 
Arabian Sea upwelling, a stronger south
west monsoon. The combined 6180 and 
6180,"6 records therefore suggest th~t, at 
the LGM the seasonal pattern of the 
Arabian Sea SST was reversed, whereas 
around 12 kyr before present it was much 
like the Holocene but with a larger 
amplitude. 
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Role of nerves in 
hypertension 
SIR-Although the cause of essential 
hypertension is unknown, our present 
knowledge suggests that sympathetic 
nerves have a key role in the development 
and/or maintenance of hypertension. The 
most compelling evidence for this has 
come from studies on the spontaneously 
hypertensive rat, an animal model in 
which a marked increase in blood pressure 
develops between one and three months 
of age. It has been shown that procedures 
used to prevent the development of 
sympathetic nerves can also prevent the 
development of hypertension12

• In inves
tigating a functional role of the sympathetic 
nerves in this disorder by studies on 
mesenteric resistance vessels in this rat 
model, we have found evidence for 
markedly enhanced excitatory junction 
potentials in these nerves. 

Sympathetic neural control of the small 
resistance arteries incorporates various 
mechanisms involving the primary trans
mitter noradrenaline and co-transmitters 
A TP and neuropeptide Y. Generally, the 
principal mode of constriction is activation 
of a-adrenoreceptors by noradrenaline 
causing constriction through release of 
calcium ions from intracellular stores via a 
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