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ABSTRACT 

Studies on the vertical and monthly distribution of sea water temperature, salinity, dissolved 
oxygen and some other oceanographic parameters carried out at eight stations in the Arabian Sea oflF 
Manjeswar revealed some interesting features. Generally, the waters off Manjeswar within 50 m 
depth were found to be more or less isothermal during January, February and December. In May, 
September and October, vertical temperature gradients in the 50 m depth water column were Com
paratively high. The studies indicated the presence of the top of the thermocline between 10 and 15m 
depths during September. The increase of salinity with depth was more pronounced during the period 
from March to November probably due to the occurrence of salinity stratification in these months. 
Near isohaline conditions were present together with a deep thermal mixed layer during January, 
February and December perhaps due to the mixing associated with strong winds. 

Of all the important oceanographic parameters, water temperature and salinity of columnar waters 
appeared to have direct effect on the pelagic fisheries of oilsardine and mackerel in the area. Any 
deviation from their respective optimum values of columnar water temperature and salinity appeared 
to be responsible for the low catches of oilsardine and mackerel. Rainfall, pH, dissolved oxygen and 
transparency were found to have indirect effect on the pelagic fishery of oilsardine and mackerel. 

INTRODUCTION several attempts were made to find out the 
relationship between oceanographic parameters 

HYDROGRAPHIC conditions of the upper mixed ^^^ oilsardine and mackerel fishery along the 
layer in the sea play a dominant role in the ^^.^ coast in order to explain the observed 
behaviour of the pelagic fishes and hence their fluctuations in their landings CPrabhu and 
fisheries. The Kamataka-Kerala Coast on the ohulkhed. 1970 ; Venkataraman and Narayana 
west coast of India supports a rich fishery R^O. 1973 ; Murty and Vishnudatta, 1976 • 
contributed by the oilsardine and Indian Suresh and Reddy. 1980). 
mackerel. The coastline near Manjeswar 
bordering Kamataka and Kerala is located in In the present study, an attempt is made for 
one of the most productive fishing zones. It is the first time to tmderstand the vertical and 
well known that the fisheries of oilsardine and monthly distribution of certain oceanographic 
mackerel are fluctuating from month to month, factors in the Arabian Sea off" Manjeswar and 
season to season and year to year. In the past, their possible influence on oilsardine and 

mackerel fisheries in area. 
* Presented at the * Symposium on Tropical Marine 

Living Resources' held by the Marine Biological The authors wish to acknowledae their 
Assocation of India at Cochin from January 12,16, ^ e t ^u i ^ r> r- ^ " " ' » ^ " « « ' "-"cir 
J988. grateful thanks to Prof. H. P. C. Shetty, 
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Director of Instruction for facilities. The first 
two authors (T.V.R. and D.E.N.) are grateful 
to the Indian Council of Agricultural Research 
for providing fellowships during the tenure of 
which the work was carried out. 

MATERIAL AND METHODS 

Data on sea water temperature and salinity 
against depth were obtained in the Arabian Sea 
at eight stations along two sections, one off 
Someswar and one off Manjeswar (Fig. 1) 

to December 1984 except in the southwest 
monsoon months of June. July and August, 
during the cruises of the fishing vessel M.F.V. 
DOLPHIN of the College of Fisheries. 

RESULTS AND DISCUSSION 

Sea water temperature 

Vertical temperature values in the waters oflf 
Manjeswar showed monthly and seasonal 
variations. In the winter period i.e., January, 

Fig. 1. Sampling stations in the Arabian Sea along two sections, 
one oflf Someswar and another off Manjeswar. 

using Environmental Engineers STD recorder. 
Water samples for dissolved oxygen estimation 
were collected using Nansen reversing water 
bottles. Later in the laboratory, dissolved 
oxygen was estimated following Strickland and 
Parsons (1972). The pH of the water sample 
was determined immediately after collection 
using a Lovibond color comparator with 
thymol-blue disc. The extent of vertical sim-
l i^ t penetration in the water was measured 
with the help of a Secchi disc and later they 
were converted to extinction coefficient values. 
Monthly landings of oilsardine and Indian 
mackerel in the region between Someswar and 
Manjeswar were obtained from the Assistant 
Director's Office (Fisheries), Mangalore. 
Oceanographic collections were made at 
monthly intervals for one year from January 

February and December months, the surface 
temperature was low and the mixed layer was 
deep and extended to the entire water column 
ranging from 20 to SO m depth depending 
upon the depth of the water. Inversion of 
temperature was noticed at certain depths 
during the months of January and February, 
otherwise, the waters were well mixed thermally 
(Figs. 2 to 5). This may be the result of strong 
winds associated with these months (Table 1). 
Varma et al. (1980) observed a deep mixed 
layer dtiring February in the northern Arabian 
Sea. From March to May. the temperature 
at the surface gradually increased due to 
absorption of solar energy. A rapid decrease 
in temperature within a short range of depth 
was noticed particularly in September and 
October. After October, a net loss of heat 
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Fig. 2. Vertical profile of temperature and salinity for stations SM 1 and MJ 1. 
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TABLE 1. Wind direction and wind speed (mimin) at the different stations located along the section I and II in 1984 

Section 

Station 

Jan, 

Di Sp D 

Feb. 

i Sp 

Mar. 

Di Sp 

Apr. 

Di Sp Di 

May 

Sp 

Sep. 

Di Sp Di 

Oct. 

Sp Di 

Nov. 

i Sp 

Dec. 

Di Sp 

I SMI ENE 230 ENE 285 E 70 E 45 N E 100 SE 90 SSE 60 E N E 140 N N E 195 

SM2 NNW260 N E 270 Calm SE 70 SE 85 S 120 E N E 82 ENE 170 N 194 

SM3 NNW270 E N E 250 W 120 E 46 WSW 86 SSW 150 E 145 NE 256 NNE 96 

SM4 NW 190 ENE 220 W 130 Calm W 160 S 170 NE 140 ENE 160 NE 152 

II MJl NE 200 NE 220 E 20 W 55 NE 105 WSW 60 W 70 E 160 N 168 

MJ2 NE 195 NE 190 W 145 Calm ENE 96 WSW 210 W 80 E 220 NNE 106 

MJ3 NW 196 ENE ISO W 100 Calm SE 120 WSW 120 WNW 80 E 140 N 96 

MJ4 WNW 180 ENE 170 W 80 E 29 WNW 146 SW 170 WNW 125 E 151 NNW132 

Di '= Direction : Sp = Speed. 

energy from the sea together with mixing were 
probably responsible for the small vertical 
temperature gradients. Panikkar and 
Jayaraman (1966) observed that Aith the 
progress of the summer monsoon, there would 
be a gradual ' upward migration' of the 
thermocline. reaching 20-30 m and even 
surfacing in some areas towards the later of 
the summer monsoon and early postmonsoon. 
Observations on vertical temperature in the 
Arabian Sea off Manjeswar in present study 
showed broadly these features. Even though 
the observations were confined to a depth of 
50 m only, the upper limit of the zone of 
sudden decrease of temperature which could be 
considered as the top of the thermocline was 
found between 10 and 15 m depths during 
September. This feature was noticed in 
October also in the area of investigation. 

Salinity 

In general, salinity increased from surface to 
bottom at all the stations in the sea off 

Manjeswar throughout the period of study 
(Figs. 2 to 5). However, the range of salinity 
from surface to bottom was not same in all 
the months. The vertical salinity range was 
lowest in the month of January in the entire 
area of observation. The salinity ranges were 
smaller comparatively in February and 
December months also. Mixing of waters due 
to winds could be the probable reason for 
the near isohaline condition and for the smaller 
vertical salinity gradients in these months. 
It is interesting to note that near isohaline 
condition was present with a deep thermal 
mixed layer during this period. Such features 
might also be brought about by sinking pheno
mena prevailing along the coast of Manjeswar 
during the winter season. Higher salinity 
variations from surface to bottom were found 
from March to November, with maximum 
ranges being generally in September and April. 
Narayanaswamy and Sarma (1982) observed 
increase in salinity from surface to bottom in 
the coastal waters along Gujarat Coast during 
October and November. Salinity stratification 



TABLE 2. Vertical distribution of dissolved oxygen (mill) at the different stations located along section I and II in the fishing grounds off Manjeswar in 1984 

Section Station Level Jan. Feb. Mar. Apr. May Sep. Oct. Nov. Dec. 

SMI S 
M 
B 

5.13 
5.03 
4.63 

4.92 
4.69 
4.43 

4.65 
4.62 
4.24 

4.56 
4.43 
4.15 

4.03 
3.91 
3.74 

3.97 
3.62 
3.35 

4.54 
4.29 
4.23 

4.93 
4.85 
4.44 

5.03 
4.88 
4.75 

II 

SM2 

SM3 

SM4 

MJl 

MJ2 

MJ3 

MJ4 

S 
M 
B 

S 
M 
B 

S 
M 
B 

S 
M 
B 

S 
M 
B 

S 
M 
B 

S 
M 
B 

4.85 
4.61 
4.58 

4.69 
4.49 
4.49 

5.15 
4.69 
4.69 

5.15 
4.90 
4.82 

4.91 
4.89 
4.85 

4.86 
4.64 
4.45 

4.79 
4.62 
4.49 

4.83 
4.65 
4.43 

4.58 
4.44 
4.25 

4.18 
4.62 
4.15 

4.92 
4.89 
4.68 

4.90 
4.68 
4.57 

4.69 
4.62 
4.59 

4.84 
4.58 
4.36 

4.65 
4.55 
4.38 

4.43 
4.15 
4.15 

4.51 
4.15 
3.92 

4.68 
4.40 
4.25 

4.61 
4.38 
4.15 

4.38 
4.15 
4.15 

4.38 
4.15 
4.15 

4.53 
4.23 
4.17 

4.26 
4.01 
3.96 

4.26 
3.92 
3.69 

4.46 
4.28 
4.28 

4.41 
4.26 
4.17 

4.31 
4.09 
4.02 

4.26 
3.88 
3.46 

4.01 
3.64 
3.55 

3.95 
3.52 
3.28 

3.71 
3.44 
3.06 

4.11 
4.02 
3.83 

4.03 
3.61 
3.47 

3.89 
3.46 
3.35 

3.56 
3.37 
3.12 

3.84 
3.54 
3.09 

3.80 
3.74 
3.22 

3.70 
3.06 
2.92 

3.85 
3.63 
3.56 

3.78 
3.37 
3.19 

3.62 
3.22 
3.05 

3.30 
3.08 
2.96 

4.63 
4.43 
4.22 

4.63 
4.34 
4.19 

4.55 
4.17 
4.03 

4.45 
4.43 
4.34 

4.44 
4.23 
4.08 

4.52 
4.23 
4.13 

4.46 
4.33 
4.18 

4.93 
4.69 
4.46 

4.88 
4.74 
4.67 

4.83 
4.65 
4.55 

4.96 
4.65 
4.58 

4.74 
4.58 
4.44 

4.74 
4.56 
4.45 

4.64 
4.63 
4.45 

5.03 
4.85 
4.74 

4.95 
4.86 
4.85 

4.89 
4.74 
4.74 

5.04 
4.95 
4.83 

4.93 
4.85 
4.65 

5.04 
4.87 
4.62 

4.93 
4.84 
4.57 

S = Surface water; M = Mid-depth water; B = Bottom water. 



OCEANOGRAPHIC FACTORS ON OILSARDINE AND MACKEREL FISHERIES 15 

TABLE 3. Extinction co-efficient values of the waters of the Arabian Sea off Manjeswar region during 1984 

Section 

I 

II 

Station 

SMI 

SM2 

SMS 

SM4 

MJl 

MJ2 

MJ3 

MJ4 

Jan. 

0.78 

0.57 

0.24 

0.20 

0.57 

0.45 

0.23 

0.19 

Feb. 

0.34 

0.17 

0.14 

0.11 

0.31 

0.21 

0.17 

0.13 

Mar. 

0.24 

0.13 

0.11 

0.08 

0.40 

0.13 

0.07 

0.12 

Apr. 

0.27 

0.19 

0.14 

0.10 

0.27 

0.13 

0.15 

0.08 

May 

0.29 

0.23 

0.19 

0.12 

0.30 

0.16 

0.17 

0.13 

Sep. 

0.31 

0.33 

0.31 

0.23 

0.34 

0.34 

0.25 

0.24 

Oct. 

0.31 

0.14 

0.14 

0.17 

0.23 

0.23 

0.19 

0.16 

Nov. 

0.45 

0.35 

0.37 

0.37 

0.44 

0.43 

0.35 

0.36 

Dec. 

0.68 

0.21 

0.20 

0.18 

0.85 

0.51 

0.89 

0.19 

occurred in these months, because in the sea 
sufficient energy to mix the waters was probably 
not avttilable as opined by Trites (1956). 

Dissolved oxygen 

Generally higher values of dissolved oxygen 
were recorded during December and January 
(Table 2). The oxygen values showed a 
decreasing trend from January and reached the 
lowest during September. Later, these values 
increased from October and registered higher 
values in December. The lowering of dissolved 
oxygen in September during the present study 
could be attributed to the upwelling efifect of 
subsurface waters with low oxygen content 
along Manjeswar Coast at this time. The 
oxygen values in the surface layers for all the 
stations exceeded the corresponding subsurface 
oxygen concentrations. 

pH 

The pH values in the area of study fluctuated 
from 8.0 to 8.6, with lowest values occurring 

generally during September. The possible 
reason for the reduction in September was the 
dilution of sea water due to the influx of fresh
water from land. In general, the surface 
waters showed more pH values than sub-surface 
waters. Similar variations of pH of coastal 
waters ofif Madras were observed by Rao 
et al. (1982). 

Extinction coefficient 

In the present study, relatively high extinction 
coefficient values w^re observed during January 
and December (Table 3). Extinction coefficient 
values were lowest in March and April. 
Comparative increase in the extinction 
coefficient values was noticed in September, 

Oceanographic factors and oilsardine and Indian 
mackerel fisheries 

The oilsardine and mackerel are well known 
to occur in the nearshore waters along the west 
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coast of India in the upper 20 m depth water 
column. In the area of investigation, the oil-
sardine and mackerel catches are obtained 
mostly by the purse seines which usually cover 
the top 20 m depth water column. Hence, 
the average values of temperature and salinity 
for eight stations in the two sections for 
columnar waters from 0 to 20 m depth were 
calculated for each month in order to find out 
the possible relationship -f any, between these 
oceanographic parameters and oilsardine and 
mackerel landings. 

As can be seen from Fig. 6 the oilsardine 
catches were maximum in the month of 
September with relatively high catches in 

value i.e. 29.16°C. Similarly the salinity 
values during March to May showed increasing 
trend from the optimum value of 34.08 %o. 
In the months of October, January, May and 
February temperature values showed decreasing 
trend from the optimum value i.e. 28.83°C-
The higher temperature and higher salinity 
values during the period from March to April 
coincided with decrease in fish landings. In 
January and February the low fish landings 
coincided with relatively low temperature and 
low salinity values observed during that period. 
During May, the oilsardine landings were 
lower, because the temperature was lower than 
the optimum value and the salinity was higher 
than the optimum. In the month of October 

31-2 

29-6' 

29-2-

2S-0' 

J f M A M J J i S O N O 

M O N T H S 

Fig. 6. Oilsardine landing in relation to temperature and salinity during different months of study. 

December and November. The average colum
nar temperature and salinity ranged between 
28.83 and 29.16°C and 33.53 to 34.08 %» 
respectively for the period of high fish landings. 
The temperature values during March and April 

the catches were low comparatively, because 
temperature was lower than the optimum 
value, while the salinity was within the optimum 
range. 

From Fig. 7, it can be noticed that the 
showed increasing trend from the optimum catches of mackerel were maximum in the 
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month of September with relatively high values 
during October. The temperature range was 
from 28.37 to 28.94°C and the salinity range 
was from 33.70 to 33.89%^ during the period 
of better catches. These ranges are comparable 
with optimiun values of earlier studies. When
ever the temperatures and salinities were lower 

A i Sjl inily 

o o Ttrnpcrnture 

water or rise into the surface (Laevastu and 
Hela. 1970). In the present study dissolved 
oxygen was generally low throughout the water 
column in September. This could be one of 
the possible reasons for the maximum catches 
of oilsardine and mackerel during September 
in the sea off Manjeswar. 

30''.4 

3 0 - 0 

23'2H 

i«-0 

•0 j 

0 ^ 

• b -

0 ^ 

5 " 

0 ^ 
< 

5 

0 

M O N T H 

Fig. 7. Mackerel landing in relation to temperat 

or higher than the corresponding optimum 
ranges, the catches of oilsardine and mackerel 
were relatively low. Thus, the sea water 
temperature and salinity appear to play vital 
role in the availability of oilsardine and 
mackerel in the waters between Someswar and 
Manjeswar. 

The dissolved oxygen in the water when it is 
in deficiency, will influence the availability of 
fish in the sea. When the oxygen minimum 
layer starts to rise due to the seasonal start of 
upwelling. fish migrate in front of it in shallow 

2 

ure and salinity during diflferent months of study. 

The effect of transparency on fishery depends 
on the type of material which is responsible for 
its increase or decrease. In the present study, 
during the period of good landings of oilsardine 
and mackerel, transparency of water was 
considerably lower in general as indicated by 
the relatively high values of extinction 
coefficient. 

The fluctuations in rainfall in the region from 
month to month cause variations in salinity, 
temperature afld many other hydrographic 
factors. So, the effect of rainfall on the 
fluctuations of oilsardine and mackerel would 
be indirect in the area of study. 
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