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ABSTRACT

Measurements of primary production, chlorophyll a and particu-
late organic carbon were made at 33, 43 and 44 stations respectively
during August-September of 1978. The average surface production,
chlorophyll a and particulate organic carbon values were 69.4 mg
C/m3/day, 0-23 mg/m?3 and 472 mg/m3. Average column primary
production, chlorophyll a and particulate organic carbon values of the
euphotic zone were 0-98 g C/m?/day, 9+.81 mg/m? and 19+7 g/m?. The
integral mean concentrations of inorganic phosphate phosphorus and
nitrate nitrogen (p.g-at/1) from the euphotic zone were 1421 +0.:55 and
2+80+2-46. Nitrite nitrogen was below the detectable level in almost
all the stations. The thickness of the surface layer ranged from 5 to 75
m- Surface salinity was less than 30%, at the head of the Bay and
about 18%, at the river mouths. Surface current in the northwestern
Bay was found to vary from southwesterly to southerly. Along the
coast, alternating features of convergences and divergences have been
found. A comparison of primary production value obtained during
similar seasons of the previous two years and also with those of the
Arabian Sea indicated that the average production value obtained dur-
ing 1978 was the highest of all the values.

INTRODUCTION

Measurements of primary production inthe Bay of Bengal were made for the first
time during Galathea expedition (Steemann Niclsen end Jensen, 1957). Later during the
International Indian Ocean Expedition (ITOE), similar measurements were made from
many parts of the Bay of Bengal (Woods Hole Oceanographic Institution, 1964; Kaba—
nova, 1964; Krey, 1973; Prasad, Benerji and Nair, 1970). Recently, Qasim (1977 and
1978) has revicwed the data on primary production and phytoplankton pigments of the
Indian Ocean bascd mostly onthe datacollected during IIOE. Besides, the 2uthors have
made measurements of primary production during the southwest monsoon period of 1976
and 1977 (Radhakrishna, Bhattathiri and Devassy, 1978; Devassy, Bhattathiri and
Radhakrishna, in press). This communication deals with primary production and other
related parameters measured during August--September of 1978 (37th to 40th cruises of
R. V. Gaveshani, 13th August to 9th September, 1978). The values have been compared
with earlier observations.

MATERIALS AND METHODS

Station position§ are shown in Fig- 1. Measurements of primary production,
chlorophyll a(Chl a) and particulate organic carbon (POC) were carried out from 33, 43
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and 44 statiors. Samplings were done from surface and four other depths (60, 30, 16 and
1% light depths). Primary production was measured by simulated in situ incubation of
samples fer 24 hours, after additicn of (4 w Ci) ¥C. Dark bottles were filtered immedi-
ately after addition of radiocactive carbon. Samples were filtered on to Sartorius Memb—
rane filters (0-45p.m porosity)- Photosynthetic uptake of radioactive carbon was estimated
by counting the filter in a liquid scintillation system with 15ml of NE 220 scintillation
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Fig. 1. Station positions
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cocktail- Chla was measured by extraction of pigment in 90%, 2cetone z2nd by fluorometry
(Strickland and Parsons, 1968). POC was determined by wet acid digestion and
colorimetry (Swrickland and Parsons, 1968).

RESULTS AND DISCUSSION

Primary producticn at the surface varied considerably from station to station.
Of the 33 stations, 15 werc from inshore arcas (depth <200 m)and the rest from offshore
areas. Productionatthe inshore and offshore regions varied from 2.6 to 403.1 and 2.0 to
143.1 mgC/m3/day (Tablc I)- Ratio between the highest and the lowest values of produc-
tion atbothareas were155 and 72 respectively.- The average production values for the
inshore, offshore and entire region were 113.2, 32.9 and 69-4 mgC/m3/day. At many
inshore staticns, the surface production was high (Table I).

Chl a at surface varied from 0.02 to 0.93 mg/m?® (average 0-34) at inshore stations
(Table I)- Many stations where chl @ was found. to be high had higher productionas well.
The lowest and highest values of chl a observed at offshore region were 0.0land 1:01mg/
m? respectively. Average valuesof chl g at the offshore and for the entire region were 0.15
and 0-24 mg/m3. Phaeophytin varied from 010 0.20 (average 0-07) at the inshcre areas
and from 0.01 to 0.11 mg/m3 at the offshore areas (average 0.03).

Particulate organic carbon at the surface was found to vary from 88 to 704 and 220
to 924 mg;m3at the nearshore and the offshore areas (Tablel)- The respective averages
were 523 and 433 mg/m?®. - The average for all the stations together was 472 mg/m3.

The column primary production varied much from station to station. The ranges
in the preduction values at the inhore and offshore region were from 0-12 to 3.41 and 0.18
10 2.20gC/m2/day (Table I). The average values of production for the inshore, the offshore
and the entire region were 1.28, 0.74 and 0.98 gC/m?/day respectively. Production at
stations 987 and 998 were slightly more than 3 gC/m?;day-

The values of column chla for the entire area2 varied from [.11 to 50.55 mg/m?
(Table I). The veriation in chl @ values from the offshorc region was much less (1-28 to
33.72 mg/m?)- Average values at the inshore, the offshore and entire area were 11.78, 8.25
and 9-81 mg/m?. Phaeophytin concentration varied from 0.46 tc 9.43 mg/m? (average
2.76) at different stations. The average values at the inshore and offshorc a2reas were 2.38
and 3.05 mg/m?.

POC concentration was found to vary from 2.04 to 46.1 g/m? in the euphotic
column (TableI). Adirect comparisonof POC values from inshore and offshoreregions
may give misleading informaticn since the values have been integrated over greater depths.
at offshore stations. Hence integral mean concentration (IMC) over the euphoctic zone
have becen used for comparing the inshore 2nd offshore values which was from 209 to 631
(average 479) and 254 to 610 mg/m3 (average 404)- Thus, IMC values from the inshore
areas were more than that at the offshore area.

The concentrations of nutrients from the euphotic zone only have been considered
here. In the inshore regions, the IMC values of nutrients have been calculated for 50 m
column while that for offshore for 100 m column- However, when the actual depth was
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Table I. Primary production, chlorophyll a, phaeophytin and POC of the Bay of Bengal
during August-September, 1973.

SURFACE COLUMN

&  Primary Phaeo- Primary Phaeo- POC POC
Z production Chla  phytin POC production Chla  phytin aMmQ)
& mgC/miday mg/m* mg/m3 mg/m3 gC/m2/day mg/m2  mg/m? gim?  mg/m?3
94t 42.8 0.09 0.04 445 0.42 4.07 1-93 10.32 344
943 2.7 0.06 0.01 264 0.25 2.98 1.41 19.97 399
944 20.7 0.18 0.02 528 0.82 4.74 2.44 21.78 435
945 8.9 0.10 0.02 286 0.42 3.62 0.96 12.71 254
946 4.5 0.08 0.01 924 0.48 10.62 6.96 46.10 610
947 — 0.07 0.02 594 — 5.89 8.34 24.32 324
948 83.3 0.05 0.02 572 2.20 9.31 5.40 36.61 438
949 33.7 0.44 0.16 484 0-12 1-85 0-46 2.59 431
950 — 0.20 — 440 — 23.81 0.88 14.93 597
951  403.1 0.68 0.14 704 1.08 6.32 1.37 5.04 630
953 55.8 0.25 0.08 396 0.75 12.48 3.36 22.83 507
v54 5.5 0-05 0.03 286 0.30 3.52 1.44 24.25 539
956 50.5 1.0l 0.11 406 0.50 11.21 2.51 9.22 307
957 —_ 0.47 0.04 572 — 10.72 2.56 18.15 454
958 — 0-13 0.03 506 —— 9.50 2.00 23.65 591
959 174.4 0.27 0.02 418 1.78 2-39 2.03 6.27 209
962 77.0 0.16 0.02 682 1.36 10.21 1.31 21.07 527
963 — 0.17 0.04 396 - 5.09 3.35 17.82 356
964 17-7 0.06 0.01 330 0.55 8.49 4.76 20.27 405
966 13.7 0.06 0.03 308 0.31 6.38 2.96 16.54 331
968 — — — 418 — — —_ 21.40 428
269 22.2 0.04 0.02 264 0.76 1.67 1.7G 16.78 336
970 83-7 0.16 0.01 440 0.99 5.63 1.39 13.06 435
973 50.3 0.33 — 374 0.24 2.34 0.77 371 371
974 107-1 0.21 0.14 484 ,0.20 12-05 0.49 2.04 407
977 227.9 0.93 0.20 88 1.75 18.39 1.47 3.45 230
978 — 0.24 0.04 418 —_ 18.60 1.13 27.83 557
979 60.5 0.22 0.01 434 0.90 10.44 0.93 5.83 291
983 23.0 0.08 0.06 594 0.78 9.40 1.28 18.61 465
984 —_ 0.16 0.01 572 — 15.17 1.09 13.57 631
986 210.6 0.88 0.10 616 1.83 17.47 1.64 7.96 531
987 73.5 0.50 0.14 860 3.41 50.55 9.37 23.88 477
990 2.0 0.03 0.01 550 0.18 1.50 0.67 23.56 507
991 — 0.02 0.03 308 — 1.28 0.74 13.65 273
992 4.0 0.01 0.02 220 0.28 3.85 1.34 26.18 349
995 2.6 0.05 0.02 792 0.22 1.11 0.46 18.94 473
997 74.0 0.34 0.05 440 0.96 6.84 1.47 7.77 388
Y998  175.9 0.52 0.09 506 3.23 13.66 5.20 21.50 430
1000 10.2 0.06 0.03 382 0.68 5.60 1.57 39.37 525
1002 — 0.09 0.01 792 — 10-83 2.55 45.50 607
1005 9.6 0.05 0.02 308 0.69 4.30 3.13 39.71 529
1006 — 0.01 0.02 264 — 11.57 4.82 15.84 316
1007 143.1 0.50 0.03 440 1.85 33.72 9.42 17.54 438
1008 16.7 0.02 0.06 5%4 2.17 22.56 9.43 14.52 434

Jess than 50 m, the entire column has been considered to calculate IMC- Table IT gives the
surfaceand IMCvelues of nutrients and the corresponding standard deviations for August-
September periods of 1978, 1977 and 1976. During 1978, IMC values of PO,4-P ranged
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from 0-14 to 2:36 pg-at/ 1 (average 1.21+ 0.55) while that of NO,-N from 0.35 to 11.95-
{average 2.80+ 2.46). Nitrite nitrcgen was below detectable level in almost all the stations.
‘The wide fluctuation in the values isevident from the high standard deviation.- Concen—
tration of PO,-P and NO;-N near surface (10m) ranged from 0.06to 2.38and 0-13t0 5.10
g-at/l. The respective averages were 0-83 (+0-64) and 1.04 (& 1-17) pg-at/I-

Surface salinity was< 30°/,, atthe head of Bay. At river mouths it was about 18%f,o-
In general, the surface salinity increased southwards. At most of the stations & at the
-surface was found to vary between 18 and/21 except at locations nearthe mouths of the
rivers: At the offshore stations = ranged from 20 to 25 in the upper 100 m.

The thickness of the surface layer ranged from 5to 50 min the inshcre region and
from20to 75m inthe offshore areas- Wyrtki (1971) reported that the thickness cf the
:surface layer wasabout 60 minmost of the areas of the Bay. However, in the northern
Bay, it was less than 40 m.

Based on the sea surface temperature data, it was found that the surface currents
varied from southwesterly to scutherly in the northwestern Bay. A clockwise gyre was
present in the north Central Bay. Offthe river Godavari, the flow is northwards. South
-of Godavari, the flow was complicated with several eddies and the circulation was clock—
wise- Thesecddiesinturnlead to convergences and divergences (i-e- sinking and upwelling)-
Along the coast, these alternating features have been found- This feature in turn results
1n alternating situation of lower. and higher” production. Because of the lower salinity at
the top layer, the subsurface water perhaps may not reach the surface. However,
-another factor which helps the subsurface nutrient rich water to get mixed up with the
:surface layer is the intense cyclonic activity during the post southwest monsoon-

Based on the data collected during IIOE, it was found that during southwest
monsoon, a huge clockwise cell cxist at the central Bay of Bengal (Wyrtki, 1971)- According
to Varadachari, Murty and Das (1968), ‘“‘the circulation is characterised by two anti-

-cyclonic cells centred at 11°N, 83°E and 16N°, 85°E with a zone of strong cyclonic shear
between them extending towards the southeast from the regions of Godavari and Krishna
river mouthstoabout 87°E longitude”. The surface waters move across the Bay to the

-eastern and northeastern, which pile up in the coastal regions- This causes cyclonic circu—
lation at the head of the Bay till September. West of Andaman Islands, however, the circu-
lation is anticlockwise. Surface water moves southwards during northeast monsoon. The
-anticlockwise gyre, formed at the head of the Bay during this season, persists till April
(Wyrtki, 1971).

It has been reported earlier that upwelling occurs at some places off the east coast
-of India during premonsoon and southwest monsoon seasons(Lafond,1954;Anand,Murty,
Jayaraman and Aggarwal, 1968 ; Murty and Varadachari, 1968). The wind distribution is
-conducive to generate upwelling on the east coast since winds blow parallel to the coast
.during southwest monsoon. Anand, Murty, Jayaraman and Aggarwal (1968) reported
intense subsurface upwelling off the mouths of the rivers Godavari and Krishna during
-southwest monsoon periods- It is not manifested at the surface due to the river and
-coastal run off- The features mentioned above have been found during August-September

-of 1978 as well.
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Primary production along the coast shows alternating high and low values. This is
perhaps duc to the convergences 2nd divergences occurring near mouths because of eddies-
The results obtained during August-September 1978 indicated that average surface

"production of inshore waiers was 3.5 times higher than that of offshore waters. Simi-
larly, chl- @ and POC were also found to be higher at the inshore stations as compared to
offshore stations- The average ghosphate—phosphorus concentrationdid notdiffer much
inthe two zones although nitrafe-nitrogen was higher in the nearshore regions.

Column production during 1978 was highest at the inshore waters despite a lower
cuphotic depih- Table I11 gives the value of primary production, chl @, phaecopigments and
POC at the inshore, offshore and entire areas for the periods of August-September 1978,
1977 and 1976.- A comparison will show that the production was highest during 1978 al-
though chl @ was not so- Production was lowest during 1976. POC was, however, highest
during 1978. The respective average values of production during 1978,1977and 1976 were
0.98, 0.64 and 0. 28 gC/m?/d2y. Surface values of production and POC were also higher
during 1978. Chla did not showtheabovetrend. Acomparisonoftheinshore and offshore
values of productien 2nd chl @ showed that they were higher at the inshore areas
{Tablc 1II). )

The dztz zveilzeble cnthe primary production of Bay of Bengal have been compiled
in Table IV. Thus, during April-May 1957, April-May 1963 2nd March-April 1975, the
average productioninthe Bay of Bengal was 0-60,0-82and 0.18 in the inshore areas,0-21,
0.14and 0- 1 7inthe offshore areas and 0-28, 0.18 and 0-17 gC/m#/day for the entire area.
Compared to the above values and those reported by the authors for August-September
1976, the values obtained during 1978 and 1977 were much higher. TItisdifficult to pin—
point the reasons for such higher production- '

The average primary productionof Bay of Bengal during August—September 1978
was found to be higher thanjthat (0-13 to 0.-70 g C/m2/day) of many areasof the Arabian
Sea such asnorthern Arabian Sea, northeastern Arabian Seaand Laccadive Sea (Radha-
krishna, Devassy, Bhargava and Bhattathiri, 1978; Radhakrishna, Devassy, Bhattathiri
and Bhargava, 1978; Bhattathiri and Devassy, 1979). It was about 3.8 times the average
value of 0.26 ¢C/m?/day computed forthe entire Indian Ocean (Qasim, 1977)- [t ismore

Table IV. Primary production in the Bay of Bengal. The unit of production is gC{m?/day.
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Inshore 0.60 0.82 0.18 0.295 0.98 1.28
Offshore  0.21 0.14 0.17 0.265 0.57 0.74
Entire 0.28 0.18 0.17 0.275 0-64 0.98

(a) Steemann Nielsen and Jensen, 1957;  (b) Woods Hole Oceanographic Institution, 11964,
{¢) Radhakrishna, 1978; (d) Radhakrishna, Bhattathiri and Devassy, 1978; (e) Devassy;

Bhattathiri and Radhakrishna (in press).
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than the production value of 0.27 gC/m?/day found during February 1979 (Bhattathiri
and Devassy, 1980) inthe Andaman Sea. i

 The account given above jndicates that the primary production of Bay of Bengal
is not less than that reported for the Arabian Sea.

.
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