SEASONAL CHANGES IN THE TEMPERATURE, SALINITY
AND PLANKTON VOLUME AT PORT BLAIR, ANDAMANS

, K. RANGARAJAN! AND R. MARICHAMY?
Central Marine Fisheries Research Institute; Unit, Port Blair

ABSTRACT

The seasonal changes in the temperature, salinity and plankton volume
at Port Blair, Andamans, during the period 1964 to 1970 have been investigated
and thes changes correlated with the meteorological conditions of the locality.
The atmospheric temperature exhibited a clear double oscillation in a year, the
maxima occurring in April and November, The range of fluctuation was gen-
erally less than 10°C. The surface temperature closely followed the atmospheric
temperature and exhibited a clear double oscillation. The surface temperature
was invariably lower than the atmospheric temperature. The- temperature of
the surface water steadily increased from January to April registering a sharp
fall in May due to the onset of the south-west monsoon. The surface salinity
increased steadily from January to April registering a fall in May which coin-
cided with the onset of the monsoon, Higher values were restored during the
post-monsoon period. The surface water was fairly rich in plankton during the
colder months. An inverse relationship was noticed between the abundance of
plankton and temperature/salinity.

INTRODUCTION

The study of the distribution and seasonal variations of temperature and
salinity in the marine environment is of great importance since these factors
have a pronounced impact on the gemeral distribution and relative abundance
of marine organisms. Though much literature is available on the physical
conditions of seawater along the cast and west coasts of India (Jayaraman,
1951; Prasad, 1952, 1957, Ramamurthy, 1953; Chacko er al, 1954; Varma
and Reddy, 1959; La Fond, .1957,1958), very little information is available

about the Andaman Sea (Sewell, 1928, 1929) probably because of the remote-
ness of the area from the mainland.

The present paper deals with the observations made on the surface tem-
perature, salinity and plankton volume at Port Blair, Andamans, during a per-
iod of seven years from 1964 to 1970 and correlates the seasonal changes
occurring in the marine environment with local meteorological conditions.

Present address: 1. Central Marine Fisheries Research Insiitute; Sub-station, Madras-8,
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MATERIAL AND METHODS

The station selected for this study is situated in the entrance channel to
the Port Blair harbour (Lat. 11° 41' N, Long, 92° 45 E.) and the depth of
water at the station is about 45 metres. Regular observations have been made
at weekly intervals on the surface temperature and salinity of the seawater,
usually between 0600 and 0700 hours. The temperature of the surface water
was recorded on board with a centigrade thermometer with an accuracy of 0.1° C,
The salinity of the seawater was estimated in the laboratory by the Harvey
method using standard seawater as reference. The surface plankton was col-
lected by towing a net of half-metre diameter made of organdie silk for fifteen
minutes. The sample of plankton was preserved immediately in formalin and
the volume of plankton noted after allowing the sample to settle down for 24
hours in a tall measuring cylinder. The meteorological data like the maximum
and minimum atmospheric temperature and rainfall at Port Blair for the period
1964 to 1970 have been taken from ‘A Statistical Outline of Andaman and
Nicobar Islands’ published by the Andaman Administration.

RESULTS

Atmospheric temperature

The average maximum and minimum atmospheric temperature recorded at
Port Blair during various months are given in Table 1. The highest atmos-
pheric temperature of 35.4° C was recorded in April 1970 and the lowest of
28.6° C in August 1967. The annual range in maximum atmospheric tem-
perature for the seven years was more or less steady being about 4-5° C,

During most years three peaks in the average maximum atmospheric tem-
perature were noticed (Fig. 1). The first major peak invariably occurred in
the month of April. The second peak, which was not pronounced, occurred
during July-August and the third during October-November. However depar-
ture from this general trend was noticed during 1967, 1969 and 1970 when
the secondary peak during July-August was not noticed.

The general trend of atmospheric temperature based on the total monthly
averages for the entire period, however, exhibited a clear double oscillation ia
the course of a year (Fig. 2). The two maxima were noticed in April and
November and the two minima in September and December. It may be stated
that April was the hottest month of a year,

The amount of precipitation in the locality appeared to exert an influence
on the general trend of atmospheric temperature. After the peak in April, just
before the onset of the south-west monsoon, the sharp fall in atmospheric tem-
~ perature in May coincided with the onset of the monsoon rains. The slight

increase in atmosphéric temperature noticed during July-August in certain years



TABLE 1. Average maximum and minimum temperature recorded at Port Blair during 1964-1970

1964 1965 1966 1967 1968 196% 1970

Months Max Min Max Min Max Min Max Min Max  Min Max Min Max Min
Jénuary 30.1 22.0 30.1 20.9 30.7 22.9 30.0 22.8 304 21.9 303 220 321 17.6
February 319 232 31 220 317 227 312 240 311 215 308 207 332 202
March 32.7 229 319 220 323 21.9 320 222 328 23.6 26 22.6 34.1 206
April 340 24.¢ 3.0 23.3 333 24.2 33.2 23.5 332 24.1 337 25.0 354 222
May 30.5 234 31.3 23.5 30.8 24.3 30.8 239 31.2 24,0 31.8 24.5 339 20.9
June 29.5 23.2 29.3 23.7 30.2 24.5 300 243 29.9 238 298 244 314 21.6
July 298 233 294 23.7 29.1 23.6 289 236 2990 23.8 29.5 24.1 Mo 217
August 29.2 23.3 29.1 229 29.7 23.7 28.6 237 - 296 244 29.5 236 30.6 21.2
September 28.9 229 28.7 22.9 293 231 293 23.4 29.1 234 294 23.3 30.9 207
October 29.8 227 299 231 303 229 296 229 30.5 235 309 232 313 212
November 295 225 30.5 231 302 230 308 233 31.2 239 30.3 23.¢ 31.8 20.7
December 29.9 222 298 23.7 259 23.0 30.2 233 30.9 23.5 31.1 237 31.3 20.3
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coincided with the slight slackening in the monsoon activity noticed generally
during this period. - As will be shown subsequently there is an outburst of
heavy rainfall during September before the south-west monsoon retreats from
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Fig. 1. Relationship between atmospheric temperature and surface temperature at Port
Blair, Andamans during 1964-1970.

the Islands. Correspondingly a decline in atmospheric temperature was noticed
during this month. Since the rainfall in the Islands during the north-east mon-
soon was not heavy the amount of precipitation after September gradually tap-
pered off resulting in an increase in atmospheric temperature during this period.
The second peak in atmospheric temperature occurred in November.

Temperature of surface water L _

The temperature of the surface water fluctuated between 26.2° and 31.6°
. The maximum temperature was recorded on 1-5-64 and 30-4-69 and the
minimum on 20-1-65 and 27-1-65.

The monthly mean surface temperature ranged from 27.48°C in Janu-
ary to 30.55°C in April.  The temperature steadily increased from January
to April (Fig. 2) and registered a fall in May due to the onset of the south-west
monsoon. The surface temperature continved its downward trend till July.
A slight increase in average temperature was noticed in August which coin-
cided with the slight slackening in the monsoon activity during this month.
As a result of heavy rainfall during September a slight decrease in surface tem-
perature was noticed in this month. The secondary peak in the surface tem-
perature was noticed in October followed by a gradual decline in the following
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months. From this it is clear that the surface temperature was influenced by
the atmospheric temperature which in turn was influenced by the amount of
precipitation in the locality.

Surfuce salinity

The salinity of the seawater in a locality, as is well known, is influenced
by many factors like tides, currents, mixing, evaporation, precipitation, upwell-
ing etc. It is indeed a very complex phenomenon and no single factor could
be attributed to the changes in the salinity. With this limitation in mind only
a broad picture of the seasonal changes in the salinity of the surface water at
Port Blair is presented here.

The lowest salinity récorded during the period of this investigation was
18.32°,, on 27-9-67 and the highest 35.39°/,, on 14-4-65 and 21-4-65. The
monthly mean surface salinity ranged from 29.73 to 32.81°/,, over the year.
The surface salinity steadily increased from January to April (Fig. 2), and fell
at the onset of the south-west monsocon in May. The decline continued from May
to July corresponding to the period of heavy rainfall. The slight increase in Aug-
ust coincided with the slight decrease in rainfall during this month. The sur-
face salinity was again lowered in September as a result of very heavy rainfall.
Generally low salinity values occurred during the period of heavy rainfall and
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Fig. 2. General trend of atmospheric temperature, surface temperature and surface sali-
nity at Port Blair, Andamans during 1964-1970,
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high salinity during the period of low rainfall, However, departure from this
general trend was noticed -during October and November when the salinity
continued to decline although there was a sharp decline in rainfall during this
period. The retreat of the north-east monsoon from the Islands generally
occurred during December resulting in further decrease in rainfall and conse-
quent” increase in salinity.

Wide fluctuations in surface salinity were noticed during the months of
May to September roughly corresponding to the periods of heavy rainfall. A
maximum fluctuation of 13.31°/,, in the surface salinity was recorded during
September 1967. Very little fiuctuation in salinity was noticed during Febru-
ary to April corresponding to the dry season. On the basis of salinity trend
the seasonal changes occurring in the surface waters at Port Blair can be broad-
ly divided into (1) a period of high salinity with very little fluctuation during
February to April, the pre-south-west monsoon period, (2) a fairly long period
of comparatively low salinity with greater fluctuations during May to Novem-
ber, the period of the two monsoons and (3) a period of recovery durmg Decemn-
ber and JYanuary, the post-north-east monsoon period.

Rainfall

The normal and actual rainfall and the percentage departure from normal
“at Port Blair during the period 1964 to 1970 are given in Table 2. The rain-
fall was above normal during 1964, 1965 1967 and 1970 and below normal
during the rest of the period. :

TabLe 2. Normal and actual rainfall at Port Blair

Normal rain- Actual rain- Percentage departure
Period fall em fall cm from normal
1964 31328 33238 4+ 6.11
1965 318.05 321.57 + LIi
196_6 318.05 C292.77 ’ —. 795
1967 318.05 360.46 + 1333
1968 318.05 - : 262.00 - 17.62
1969 318.05 268,95 — 15.44
1970 318.05 366.32 + 15,18

The month-wise rainfall and average number of rainy days during the
period are given in Table 3. Maximum precipitation occurred during May to
September, which thus forms the period of south-west monsoon. Generally a
slight slackening in the monsoon activity (rainfall) was noticed in the month of
August Before the south-west.monsoon retreats from the Islands usually there
. is a heavy outburst of rainfall in September.
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TABLE 3. Month-wise average number of rainy days, rainfall and volume of plankton
at Port Blgir '

Months Number of rainy Rainfall Volume of plankton
days mm ml
January 3 51.14 95
Febrvary 1 2.47 68
March 0.3 9.99 62
April 4 - 3933 46
May 19 436.24 48
June oo 18 419.37 65
July 24 s5id.11 44
August _ 20 415.19 67
September 20 53196 59
October 16 282.07 80
November 14 268.36 82
December 8 169.99 85

Although the Andaman Islands receive rains during both the south-west
and north-east monsoons the maximum precipitation occurs during the south-
west monsoori. There is no complete cessation of rainfall after the retreat of
the south-west monsoon and before the setting in of the north-east monsoon,
and the long period of rainfall extends from May to December. This has a
marked influence on the temperature and salinity conditions of the locality, as
shown already. '

Plgnkion volume

Only a brief mention is made here about the seasonal fluctuations in vol-
ume of plankton. Full details about the composition of plankton, and the
abundance and seasonal fluctuation of the various components will be dealt
with elsewhere. ' '

The volume of plankton for a fifteen minutes surface haul varied widely
during the course of -this study., The lowest volume of 4 ml! was recotrded on
14-5-69 and the highest volume of 790 ml on 28-9-66. The month-wise aver-
age volume of plankton for the entire period is given in Table 3. The aver-
age volume varied from 44 ml to 95 ml, the highest being in Januvary. High
volumes were noticed during May-June, and October to January roughly cor-
responding with the ‘period of decreasing rainfall. Generally an inverse rela-
tionship was noticed between ‘the volume of plankton and temperature /salinity.
During the period of high temperature and salinity the volume of plankton was
generally low, while it was high during the period of moderate salinity and low .

~
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temperature. During the colder months the surface water was rich in plank-
tonic organisms and often phytoplanktonic blooms consisting of species of Thal-
“lassiosira, Thallassiothrix, Biddulphia, Bacteriasirum, Ceratium, Chaetoceros,
Rhizosolenia etc. were observed during this period.

DiscussioN

Sewell (1929) has stated that the air temperature over the open waters of
the Indian seas exhibited a clear double dscillation in the course of the year,
there being two maxima (one in April and the other in September-October)
corresponding to the two dry hot seasons and two minima during the periods
of south-west and north-east monsoons. The temperature of the surface water
also follows a similar course and exhibits a clear double oscillation. A similar
double oscillation in surface temperature has been observed by Chidambaram
and Menon (1945) off West Hill, Calicut, Ramamurthy (1953) along the Mad-
ras coast, Chacko et al. (1954) in the Kundugal Gut, Gulf of Mannar, and
Prasad (1957) at Mandapam, Guif of Mannar.

During the present investigation also the same pattern has been observed.
The first major peak of air temperature was in April and the second minor peak in
November. A slight increase in atmospheric temperature noticed during July-
August in some years was not a constant feature. Similarly the trend of sur-
face” water temperature alsc exhibited a double oscillation. The slight increase
noticed in August might be due to the proximity of the station to the land and
in the open sea this feature is quite likely to be absent.

An interesting feature that emerged from this investigation was that the .
average atmospheric temperature was always higher than the mean surface tem-
perature.” Prasad (1957) has observed that the average atmospheric temper-
atures were above the mean surface temperatures mostly in the months of May,
June and July at Mandapam. During most months the atmospheric temper-
ature was below the surface temperature and the longest continuous period
wheﬁ such' a situation existed was about ten months, The atmospheric temper-
ature sl Mandapam was, however, never above the surface temperature continu-
ously for more than four months. Such a phenomenon was not noticed at
Port Blair, possibly due to the markedly different meteorological conditions
prevailing at Port Blair.

In the course of this investigation a close relationship was noticed between -
the surface temperature and salinity, the peaks in the surface temperature gen-
‘erally coinciding with the peaks in the surface salinity (Fig. 2). However, a
deviation from this general trend was noticed during the month of December
when the surface temperature registered a decline but the surface salinity exhi-
bited an increase. This increase was probably due to the transport of high
salinity water towards the Andaman coast during the post-north-cast monsoon
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period. An examination of the current chart of Bay of Bengal during Dece-
mber revealed that there was a strong north-westerly current from the Straits
of Malacca flowing towards the Andaman coast. The retreat of the north-cast
monsoon from the Islands and the changed pattern of circulation during the.
- month of December probably accounted for the increase in surface salinity
during this period.

Regarding the seasonal changes in the volume of plankton it should be
borne in mind that quantitative calculations based on tow net catches, as pointed
out by Bigelow and Sears (1939), can only be approximation to the truth and
great reliance cannot be placed on these data. However it is reasonable to
assume that the fluctuations in the volume of plankton from a tow net may give
a general picture of the gross changes that take place from month to month.

Information on the plankton production in the Bay of Bengal has becn
mainly confined to the inshore waters along the east coast of the muainland
(Prasad, 1956; Ganapati and Murthy, 1955). Recently some observations
have been made on plankton production in Andaman Sea during the Inter-
national Indian Ocean Expedition.  During the 33rd cruise of R. V. Vityaz
in October 1960 to April 1961 maximal total quantity of phytoplankton was
observed in the Andamans Sea (Zernova, 1962). Zernova and Ivanov (1964)
have found that the Andaman Sea is a region of highest production of phyto-
plankton in the northern Indian Ocean. Prasad (1966) has also mentioned
that moderately high plankton production is found in the Andaman Sea. The
present study has also revealed moderately high plankton production in this area.
1t may be generally stated that the plankton production at Port Blair is high dur-
ing the colder months and low during the period of high temperature and high
salinity. - oy :
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