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ABSTRACT

The paper presents the estimation of physico-chemical parameters of scawater samples collected from 28 stations between
07°50"and 13 ° 00’ N and between 70°00' and 75°00" Eonboard FORV Sagar Sampada in February, 1987. Water samples drawn
from selected depths of 0, 100, 200,300, and 500m were anal ysed for dissolved oxygen and nufrients {phosphate, nitrate and
nitrite). In general, lower concentration of nutrients was recorded at surface and 100m depth at all stations. Higher con-

centrations of nutrient components were encountered at deeper depths with low values

of dissolved oxygen. Lowest

nutrient values at surface and highest at bottom (500 m) recorded, in microgram-at/l, were PO-P: 0.14-7.17; NO,-NO. 08-
27.35 and NO,-N: Trace - 1.48 except with 1.65 microgram-at/l at 300 m. Probable factors governing the distribution of

analysed parameters in Lakshad weep waters are discussed.

INTRODUCTION

Detailed studies dealing with the distribution,
cycles, and inter-relationship of the nutrients in the
Indian scas have been carried out by many workers
viz, Rytheretal.(1966), Sankaranarayananand Reddy
(1968), Viswanathan and Ganguly (1968), Reddy and
Sankaranarayanan (1968a and 1968b), Sankaran-
arayanan (1973), Sen Gupta et al. (1975, 1976, 1977,
1979), Deuscretal . (1978), Devassy etal. (1978), Nagqvi
and Qasim (1983), Sankaranarayanan ef al. (1 983),
Sen Gupta and Naqvi (1984) and De and Singbal
(1986).

It is understood from the available literature
that only limited information is available on the
distribution of nutrients in the Lakshadweep Sea. In
the present study an attempt has been made to inves-
tigate the pattern of distribution of the nutrients such
as PO,, NO, & NO, in relation to temperaturce and
dissolved oxygen in the Lakshad weep waters based
on samples collected onboard FORV Sagar Sampada.

MATERIAL AND METHODS

Atotal of 28 stations covering anarca between
08° and 13° N and between 70° and 75°E near to the
Lakshadweep Islands were sclected and divided
into six transects (I to VI) cach transect 1° apart
covering 4 to 5 stations. Transccts and station posi-
tions are given in Figure 1.

Water samples were collected by using Ro-
sette sampler from standard depths of 0, 100, 200, 300

* Present add}c'ss : Indian Agricrl;lutu'rz»xlr ‘Rdc;e;rc.hﬂlnstitut;, N_e\:v Dclh}.

and 500m for nutrients estimation. Water samples
were analysed immediately after collection onboard
the vessel using the Digital Spectrophotometer GS:
5600 (ECIL make) for nutrients following standard
methods  of Strickland and Parson (1968) for dis-
solved oxygen. Temperature values were recorded
by automatic temperature recorder attached with the
rosctte sampler. Mean value of cach parameter for
cach transect and each depth was calculated (Tables
Tand 2).

RESULTS AND DiscussioN

Hydrographic factors

Temperature and dissolved oxygen showed
significant variation with depth and little variation
among transects.

From the composite average values (Table 1) it
was found that waters in southern transects were
warmer than that of the northern. Vertical tempera-
turevalues(Table 2) ranged between 27.9and 10.20°C
with an average of 18.0°C.

Dissolved oxygen

Oxygen concentration (Table 2) ranged from
5.0 to 0.1 ml/I (Ave. 1.5) Vertical distribution of
dissolved oxygen showed a sharp decrease from
surface down to 200 m and thereafter values re-
mained almost constant. Composite average values
with respect to south and north transects revealed
that Lakshadweep waters of southern area were
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higher in oxygen level than that of the northern
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region (Table 1).
FORV SAGAR SAMPADA Nutrient distributions
CRUISE No. 28
Y STATION POSITIONS " The possible rcasons for the depthwise and

N TRANSECTS No. T TO VI regional variation of nutrientscontentin the Arabian

Sca and in Lakshadwcep waters particularly have
been discussed by Red Field et al. ( 1963), Reddy and
7 Sankaranarayanan( 1968 a, 1968 b), Sankaranaraya-
nan (1973), Sen Gupta et al . (1975, 1979), Devassy et
al. (1978) and De and Singbal (1986). 1tis assumed
that the distribution of nutrients and hydrographic
paramcters in Lakshadweep waters appeared to be
more dependent on the dilution, general current
pattern and source of origin of water masses.
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The lowest and highest values observed were
j 0.76 pg-at/1 at surface and 5.76 pug-at/1 at 300 m in

s e T T e T T e N transects V and VI respectively. PO, values showed
anincreasing trend fromsurfaceto bottomin transects
Fig. 1. The positions of stations and transects chosen for the study l, IV & V whercas intransects 11, 1lland VI the valucs
in the Lakshadweep Sea. increased upto 300 m and then gradually decreased
down to 500 m. The observed mean (3.78 pg-at/1)

TasLi 1. Transectwise mean and compositeaverage values of nutrientand hyd rographic parameters of Lakshadweep waters
during February , 1987

e

Regions Parameters
Phosphate Nitrate Nitrite Temp. Dissolved
(ug-at/l (ng-at/b (ng-at/D O oxygen
(ml/1)
Southern I 4.11 13.17 o 17.6 1.56
region 11 3.63 14.28 0.21 18.3 1.74
11 3.56 11.62 0.14 18.3 1.54
Composite
average (1-1ID 3.76 13.02 0.15 18.1 1.61
Northern IV 3.76 12.03 0.14 179 1.44
region \Y 3.58 11.08 0.12 18.0 1.60
VI 4.14 12.68 0.42 154 1.36
Composite
average (IV-VD 3.87 11.93 0.23 17.4 147
Range of average
values (1-1V) 0.76 - 5.76 0.57 - 21.66 0.03-0.70 27.4-107 430 -0.40
Mean values 3.78 - 12;45 019 _ }8.0 15
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Fig. 2. Depth-wise pattern of distribution of nutrients and hydrographic parameters in

was almost similar to those reported earlier by
Viswanathan e al. (1967) in west coast of northern
Indian Ocean and by Sen Gupta et al. (1976a and
1979) in the Arabian Sca. Later Devassy et al. (1978)
reported higher PO, range (2.00-13.15 ug-at/l) from
oceanic waters in the presence of bloom conditions
than those of normal oceanic waters. Composite
average values observed were 3.76 and 3.87 ug-at/l
in south and north transccts respectively. This re-
vealed that PO, content was higher in waters of
northern transects and hence an increasing trend
from south to north was noticed (Fig. 2 and Table 1).
High amount of phosphate content in deeper waters
may be due to absence of photosynthetic activity.

1
OVER ALL AVERAGE

the Lakshadweep waters.

Another reason for depth-wise increase of PO, in
oceanic conditions may be that due to oxidation of
organic matter in intermediate depths, depletion of
oxygen takes place with concomitant release and
increase of PO, (Red Field et al., 1963).

Nitrate

NO; contentshowed an increasing trend with
depths in all transects except I & VI where it de-
creased at 300 m and then increased down to 500 m
depth (Fig. 2). Lowest and highest values (Table 2)
recorded were 0.57 ug-at/I at surface and 21.66 pg-
at/lat 500 m in respect of transects V and II. Com-
posite average values (Table 1) were 13.02 and 11.93
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TABiE 2. Depth-wise analysis for nutrients and hydrogra
Depth R — -
(m) Phosphate Nitrate
(ug-at/D (pg-at/b
0 0.76 - 1.8 0.57 -2.36
(141) (1.00)
100 2.18-3.96 712-11.77
(2.98) (9.55)
200 4.00-5.09 14.26 - 20.56
(4.45) (16.55)
300 4.47-578 15.55 - 20.90
(5.00) (16.95)
500 4.49 -5.37 15.24 - 21.66
(4.90) (17.52)
Range 0.14-7.17 0.08 - 27.35
(0-5000 (3.78) - (1245)

ug—at/l in southernand northern transects whichre-
vealed a decreasing trend from south to north.
Obscrved average values in the present study were
slightly lower than those reported by SenGupta et al.
(1976) for the same depth range along 9° -14° N Lat.
innorthwestern IndianOccan. Ovecrallaverage(12.45
pg-at/1) was also lower (16 pg-at/1) than that re-
ported carlier by SenGuptaet al. (1976a) from north-
castern basin of the Arabian Sca. Low NO, valucs
may arise first froma high rate of denitrificationand
sccondly due to the net cffect of the bio-chemical
processes (Deuscr et al., 1978).

Nitrite

Figure 2 shows that NO, content has ‘an
irregular trend of incrcasing and decreasing with
depth in all transects though the values increased
gradually from surface to lower layers in transccts V
& V1. The composite values recorded (0.15and 0.23
ug-at /1) (Table 1) for south and north transccts
rovealed an increasing trend from south to north.
Nitrite values were very low at surface and found to
increase gradually with intermediate  depths.
Obscrved average values varied from 0.03 to 0.70
pg-at/1 with an overall average of 0.19 ug-at/1

22

phic parameters for Lakshadweep waters during February, 1987

Paramecters
Nitrite Temp. Dissolved
(ug-at/D Q) oxygen
(ml/D
0.03-0.15 263-27.4 40-43
(0.07) (27.1) 4.1
0.08 - 0.22 23.3-26.8 14-26
(0.13) 24.2) .1
0.10 - 0.44 144 -155 03-07
0.17) (15.0) 0.5)
0.10-0.58 12.3-13.0 0.25-0.8
(0.22) (12.6) (0.5)
0.17 - 0.70 10.5-10.8 04-08
(0.30) (10.8) (0.49)
Trace - 1.48 279-10.2 50-01
(0.19) 18.0 (1.5)7

(Table 1). Sen Gupta et al. (1976a) observed a range

of 038 to 1.56 pg-at/1 of NO, for the waters from
surface to 900 m depth of the castern Arabian Sca.
Sen Gupta et al. (1979) found a range of NO, valucs
(0.16-0.20 pg-at/1) for the surface layers of the La-
kshadweep waters  which are comparable to the
values of the present study (0.03-0.22). Since the
concentrations and differences of ni trite values were
of low orders, no special emphasis could be madeon
the factors governing nitrite content variation. In-
crease innitrite contentat surface layers results from
denitrification as well as by air-sca interaction of
exchange of chemical elements. 1t is interesting to
note that below the depth of about 200 m the nitrates
were steady whereas nitrite content increased with
depth (Fig. 2). The increase of nitrite in the deeper
layers (200 m) may be attributed to the presence of
bacteria favourable for the denitrification. The re-
leasc of oxygen in the process of denitrification might
have been used by bacteria for their survival, reduc-
ing the oxygen content very much (De and Singbal,
1986). The process of denitrification involves the use
of NO, ions as the next source of energy when ail
oxygen from the system has been utilized. During
this process NO, ions arc formed as the intermediate
product and gascous nitrogen as the end product.



ConcLusions

In general, phosphate and nitrate showed a
regular trend of distribution whereas nitrite showed
anirregular pattern of distribution with depth. The
intensity of their depth-wise increase was in the
orderas NOa, PO,, NO2. The distribution ofPO4a11d
NO, showed an increasing trend whereas NGO, indi-
cated a decreasing trend from south to north. The
low nutrient, mightbe related to the denitrification
process and diffusion of currents contributing to the
nutrient depleted waters. And also high level of
nutrients could be resulted from the mineralization
of organic material through bacterial oxidation and
chemical decomposition.

ACKNOWLEDCEM ENTS

Theauthors wish to acknowledge their sincere
thanks to Dr. PS.B.R. James, Director, CM.FR.,
Cochin for encou ragement. They are grateful to Dr.,
A.D. Diwan, Scientist for going through the manu-
scriptand Dr. A.G. Ponniah, Scientist for his holp in
analytical work onboard the vessel. The authors also
acknowledge their thanks to Mr., M. Srinath and Mr.
M. Karthikeyan, Scientists for their help in statistical
analysis using the computer facility of the institute,

REFERENCES

Dx Sousa, SN, anp S.Y.S. SinciaL 1986, Cheniical oceanography
of the Arabian Sea. Part VI- Rolati()nship between nutri-
ents and dissolved oxygen in the central basin. Indian |.
mar. Sci., 15: 153-161.

Deustr, W.G., 11.D. Ross ann ZJ. Muiovzinska 1978, Evidence for
andrateofdenitrifcation inthe Arabian Sea. Deep Sea Res,,
25:431-445,

Divassy, V.P, PM.A. Buarrarug axp S.7. Qasim 1978, Tricho-
desmium phenomenon. Indian [ mar. Sci., 7: 168-186.

Naovi, SW.A. anp 5.2, Qasim 1983, Inorganic nitrogen and
nitratereduction in the Arabian Sca. Indian |. mar, Sci., 12
21-26.

Rep Fien, A.C, BI1L. Kercrium anp FA. Rl(‘HARI).S 1963. Chap. 2.
In: The Sea, Vol. 2, 11l M.N. (Ed.), Inter Science Publish-
ers, New York, 26 Pp.

Repwvy, C.V.G. ann V.NL SANKARANARAYANAN 19682, Distribution
of phosphates and silicates in the central western north
Indian Ocean, in relation to some hydrographic factors.
Proceeding of the Symposium on Indian Ocean, Natl. [nst. Sci.
India , 38: 103-122.

VERTICAL DISTRIBUTION OF NUTRIENTS IN LAKSIADWEEP WATERS

Rebvy, CV.G. anp V.N. SANKARAN ARAY AN AN 1968b. Distribution
of nutrients in the shelf waters of the Arabian Sea along
the west coast of India, Proceedings of the Symposium on
Indian Ocea n Natl |, Inst. Sci. India, 38: 206-220.

Ryrigr, J K., LR Pow, AK. Pease, A. Bakum AND M.M. NEeans
1966. Primary production in relation to the chemistry and
hydrography of the western Indian Ocean. Limnol, and
Oceanogr‘, 11: 371-380.

SANKARANARAYANAN, V.N. 1973. Chemical characteristics of wator
around Kavaratti Atoll (Laccadive). Indian J. mar. Sci., 2:
23.26.

S/\NKARAN/\RAYANAN, V.N. anp CV.G. Reppy 1968, Nutrients of
the north-western Bay of Bengal. Proceedings of the Sympo-
stum on Indian Ocean, Natl. Inst. Sci, ,India, 38: 148-163.

S/\NKAR/\NARAYANAN, V.N,, S.N. D& Sousa aND S.P. Fonpekar
1983. Nitrite maxima in the north Arabian Sea. Indian ]
mar. Sci., 12: 181-182.

Sin Gurra, R, ann SSW.A. Naovi 1984, Chemical occanography
of the Indian Ocean, north of equator. Deep Sea Res., 31
671-706.

SiN Gurra, R., V.N. SANKARANARAYANAN, S.N. Dk Sousa anp S.p,
Fonpakak 1976. Chemical oceanography of the Arabian
Sea. Part 1] - Studies on nutrient fractions and stoi-
chiometric relationship in the N & E basins. Indian |. mar.
Sci., 5: 58-71.

SN Gurra, R, MDD, Rajacorar ann S.Z. QasimM 1976, Relationship
between dissolved oxygen and nutrients in N-W Indian
Ocean. Indian J. mar. Sci,, 5:201-21 1.

SN Gurra, R, S.N. Dy soUsA AND T. Josepn 1977, On nitrogen and
phosphorous in the western Bay of Bengal. Indian J. mar.
Sci., 6: 107-110.

SEN Guirra, R, S.C. Moras, T.W. Kuresiy, V.N. SANKARANARAYA-
NaN, T.K. Jana, SW.A. Naowvi anp MLD. Rajacorar 1979,
Chemical occanography of the Arabian Sca. Part IV .
Laccadive Sea. Indian |- mar. Sci., 8:215-221.

SN Gurra, R, 8., Fonpakagr, V.N. SANKARANARAYANAN AND S.N.
Di Sousa 1975, Chemical oceanography of the Arabian
Sea. Part | -Hydrochemical and hydrographica! features
of the northern basin. [ndian J. mar. Sci., 4: 136-140.

SrRICKLAND, |.DUIL AND T, R. Parson 1968. A practical hand book
of sca water analysis. Bull, Fish. Res, Bd. Canada., 167:311.

VISWANATHAN, R, aND ALA. Gancuiy 1968. The distribution of
phosphorus in northern Indian Ocean, 1962-'63. Proceed-
ings of the Symposium on Indian Ocean. Natl . Inst. Sci. India,
30: 350-362.

VISWANATHAN, R, C. SREEKUMARAN, .M. A. Buarrathm anp CK.
Unni1967. Distribution of inorganic phosphate in north
Indian Ocean, 1962-'63. Report No. BARC/F 1P/PM-9,BARC,
Bombay.

23





