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FOREWORD 


Since inception in 1984, the Fisheries and Oceanographic Research Vessel 
 Sagar Sampada, with sophisticated modern facilities onboard, has undertaken more 
 than 140 cruises all over the Indian Ocean primarily in our Exclusive Economic Zone 
 for fishery and oceanographic survey. Scientists from many institutions have made 
 use of this facility to explore the resource potential in our sea and to understand its 
 correlation with the environmental parameters. These survey and exploration efforts 
 are continuing. 


This volume contains many papers which are the outcome of research work carried 
 out onboard 'Sagar Sampada' during last five years (1989-1993) and presented in a 
 Workshop to evaluate the scientific work. About 60 papers, included in this volume, 
 bring out the results pertaining to environmental assessment, hydrology, productivity 
 estimates, fishery resources availability, fishing technology, pollution monitoring etc. 


These relate mainly to the Arabian Sea, Bay of Bengal and Lakshadweep, Andaman 
 and Nicobar Islands groups in the EEZ of India. These efforts along with other 
 mission-oriented cruises have yielded valuable information on the fishery resources 
 and their distribution in space and time. 


I am sure that the continued efforts of our scientists and researchers and the use of 
 sophisticated facilities onboard Sagar Sampada will enhance our understanding of 
 the fisheries resource potential, and its sustained exploitation for the socio-economic 
 benefits of our society. 


A.E. Muthunayagam 
Secretary 
Department of Ocean Development 
New Delhi Mahasagar Bhavan 
11 June 1996 New Delhi-110 003 
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PREFACE 


Fishery and Oceanographic Research Vessel (FORV) Sagar Sampada was 
 acquired by the Department of Ocean Development in December 1984 with the 
 objective of assessment of the living resources in the EEZ of India. With the associa-
 tion of many institutions, mainly CMFRI, CEFT, FSI, etc. FORV Sagar Sampada 
 ventured into our waters in January 1985 and the studies are being continued to date, 
 making more than 140 cruises of multi-disciplinary character. With all the modem 
 facilities onboard, variety of studies/observations were made all these years. Achieve-
 ments of the voyages during 1985-89 were discussed at a Workshop held at Cochin 
 and brought out as a publication entitled 'Proceeduigs of the First Workshop on 
 Scientific Results of FORV Sagar Sampada' by CMFRI, Cochin. 


Similarly, achievements of the mission oriented cruises during next five years 
 (1989-93) were discussed at the Second Workshop, held during 15-17 February 1994 
 at Cochin. The Second Workshop highlights the additional information obtained on 
 the fishery resources in relation to environmental factors. A variety of papers were 
 discussed in the Workshop and the present volume is continuation of the earlier 
 publication as 'Proceedings of the Second Worlcshop on Scientific Results of 
 FORV Sagar Sampada'. About 60 papers included in this volume pesent results on 
 physical oceanography (waves, currents, mixing processes etc.), microbiology, hy-
 drology, productivity, plankton distribution and fishery resurces (finfish, catfish, 
 carangids, perches, ribbopfish, squids, etc.), trawling methods, gear technology, 
 resources processing and utility, pollution monitoring etc. The above studies indicate 
 the availability of rich resources in the Arabian Sea, Bay of Bengal and around the 
 islands' groups in EEZ of India. 


Many people helped particularly from CMFRI, Cochin and CIFT, Cochin to make 
 the Workshop a success and PID [CSIR], New Delhi to bring out this Proceedings in 
 good shape. 


V.K. Pillai 
S.A.H. Abidi 
V. Ravindranathan 
New Delhi K.K. Balachandran 
Date: 11 June 1996 Vikram V. Agadi 
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Studies of fisheries with the causative environmental  factors - optimum utilisation of FORV Sagar, 



Sampada*s capabilities 


A.V.S. Murty* 


Science House, 58-Girinagar, Cochin-682 020 
 ABSTRACT 


Retaining the multidisciplinary character of research, FORV Sagar Sampada 
 cruises got evolved into species-wise and sector-wise investigations to obtain com-
 plete cyclic pictures of species and sectors over seasons round the year for the EEZ 
 waters of India. The paper aims at further transformation of the system of her cruises 
 into problem-oriented investigations. Specific problems in pelagic fisheries of the 
 waters around India are reasoned out for effective utilization of the unique sea-lab, 
 the FORV Sagar Sampada. A rethinking is needed in planning and implementation 
 of cruise programmes towards achieving reahstic synthesis of studies of fisheries 
 with the causative environmental factors. 


INTRODUCTION 


Fisheries of various species and the physical, chemical and biological aspects of the 
 waters around India, particularly off the west coast of India were thoroughly studied 
 by conducting exploratory cruises of various vessels of different organisations from 
 the dawn of independence of India. Valuminous information was added by multina-
 tional fleet of research vessels during the IIOE Programme during early sixties. 


Indian fishery oceanography gained status in marine sciences ever since the 
 introduction of/?. V. Varuna in 1960s under the Indo-Norwegian Project. Later it had 
 a considerable boost during FAOAJNDP/IFP programmes in 1970s along the west 
 coast of India. The introduction of the fishery oceanographic vessel FORV Sagar 
 Sampada in the Indian waters in the middle of 1980 with modern equipments, brought 
 a dramatic change in the scenario of methodology of investigations at sea. 


•Present address- c/o Prof C.Ayyanna, MIG -19, H.B. Colony, Visakhapatnam-530022. 
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Starting with multidisciplinary cruises extended to EEZ, the cruise progranunes 
 were reoriented to species-wise and sector-wise cruises to cover the EEZ waters in all 
 the seasons of the year, both along east coast and west coast of India. The present 
 workshop consolidates the additional knowledge obtained on the living resources and 
 the concerned environmental factors from the mission-oriented research cruises un-
 dertaken by the vessel for the last 4-5 years (1989-'93). The present paper is a 
 visionary into the near future programmes of the vessel by defining the problem-ori-
 ented cruises of the fully equipped FORV Sagar Sampada: the areas are envisaged 
 where a synthesis could be achieved of the studies of pelagic fisheries with the largely 
 causative factors of the aquatic environi .ent aiming at rational utilisation of this 
 unique sea-lab. 


SPECIFIC ASPECTS OF INVESTIGATIONS 


It has been shown that large annual fluctuations in the pelagic fisheries of oil 
 sardine, mackerel and tuna like fisheries are due to environmental factors only 
 (George, 1970; Banerji, 1973). The cumulative knowledge of fisheries from Indian 
 coasts clearly shows the behavioural pattern of fish schools of different categories off 
 the coasts of India. And the behaviour of fish schools suggests the areas of specific 
 scientific investigations to be carried out as a follow-up action. 


Oil sardines 


In the past, oil sardine fishery was confined to the west coast of India concentrating 
 the Kerala coast. In recent years, some schools of the species entered the conventional 
 fishing grounds off the east coast of India. Ten years data of oil sardine catches 
 (1975-'84) indicated that the catches crossed 1000 tonne mark off Tamil Nadu coast 
 in 1984, whereas there were no recruits of the species in the fishing grounds of Andhra 
 Pradesh (Dharmaraja et al. 1987; Alagaraja et al. 1987). However, in the recent years, 
 there has been an increase of this species in landings from the east coast (Luther, 
 1988). Even on the west coast of India, sardine fishery would not start from the tip of 
 the continent (Cape Comorin). The fishery skips off certain coastline from the tip and 
 starts somewhere from Quilon and gradually extends further north along the west 
 coast. This is a regular feature of oil sardine fishery along the west coast of India. 


Since the oil sardines are fast moving migratory fishes confining to the surface and 
subsurface waters above the thermocline (the mixed layer), and since one cannot 
expect any drastic changes of water characteristics of temperature, salinity, oxygen or 
plankton conditions of the mixed layer, some eddy current system in the mixed layer 
must be single largest causative factor responsible for such a pattern of oil sardine 
fishery (Murty, \99'i). rhestrcie, tiie iiTuriedlately required scientific attempt is to 
tackle the migratsrrs of the species from th • point of view of distribution of currents 
at the surface aru, - '-snruice depths. 
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Anchovies 


Anchovies concentrate in the waters of the Gulf of Mannar and Cape Comorin 
 during southwest monsoon season (June-August), as if the fish schools are taking 
 shelter in those waters in order to avoid the vagaries of southwest monsoon along the 
 west coast of India; and as soon as the monsoon ceases, the anchovies move towards 
 west coast of India and spread up to Ratnagiri in the north and Quilon in the south 
 during the rest of the year. Venkataraman (1956) working on anchovies that were 
 recruited to the fishery at Calicut observed from length frequency studies that the 
 fishery was mainly constituted by the first and second year classes and that the same 
 stock is absent from fishing grounds from July to September and then reappeared from 
 October onwards. Relatively stable conditions of the sheltered waters of the Gulf of 
 Mannar during monsoon period are attributed for migration of anchovies to those 
 waters (Narayana Pillai, 1982). 


The exact cause of their migration to the Gulf of Mannar waters during the 
 southwest monsoon period requires to be established. The upwelling process along the 
 west coast of India during southwest monsoon period no doubt brings certain amount 
 of instability or turbulence in the waters. Lowered temperatures and oxygen defi-
 ciency are also the effects of upwelling. 


The FORVSagar Sampada investigations, during July-August 1987 in the Quilon 
 Bank and the Gulf of Mannar (Murty et al. 1990), showed a lot of contrast in the T-S 
 diagrams. The Gulf of Mannar waters were found warmer (26°- 27°C) and more saline 
 (about 35.5%) than the Quilon Bank waters where the temperature ranged from 26 to 
 21°C and the salinity from 34 to 34.6 xlO" . Moreover, the Gulf of Mannar waters also 
 showed thermal instability having thermal inversions in the subsurface depths of 
 water. Therefore factors other than instability appear to be causative factors for the 
 migration of these fishes to the Gulf of Mannar waters during monsoon period. 


Therefore, a thorough investigation is necessary to identify the responsible factors. 


Island group ecosystems 


The Lakshadweep group of islands consist of 27 islands in the Arabian Sea and the 
 Andaman and Nicobar group of islands consist of about 300 islands. It was evident 
 from the records of measurements of phytoplankton concentration, pigment and 
 primary productivity that the coral reef waters are not so productive. The remarkable 
 transparency of coral waters is sufficient testimony to the dearth of phytoplankton 
 (Tranter & George, 1972). 


Vast areas of seas around the islands of Lakshadweep and Andaman and Nicobar 
 Islands are lying virtually unexploited. In almost all the inhabited islands, except a 
 few, only subsistence fishing is carried out (Jones & Banerji, 1973; Alagaraja, 1987). 


The waters around the group of islands are pollution-free with possible multi-ranged 
scale of eddy currents. There is an urgent need of exploring the island ecosystems with 
a stress on coral reefs, reef fishes, fishery and the eddy circulations of the island 
waters. Inclusion of Maldive group of islands would compliment such exploratory 



(14)Murty 


investigation of these island ecosystems. Such a step would provide a sound data base 
 for exploitation of the untapped marine living resources and the ecosystems of the 
 islands around India. 


Tagging programme 


CMFRI scientists gained some experience in tagging experiments on sardine and 
 mackerel in the later half of 1970s (Prabhu & Venkataraman, 1970). While the 
 released number of oil sardine was in hundreds and thousands from different centres 
 along the coast, the recoveries were very poor, counting only in units. The system of 
 tagging requires to incorporate and adopt modern methods. Moreover, the time and 
 place of tagging should suit to the exact purpose of releasing tagged fishes. Tagging 
 for the sake of experimentation was over. It requires a new phase of approach of 
 tagging suitable to the specific environmental conditions which are assumed to govern 
 the movement of fishes. If few fishes are selected from their school and released later 
 into the water after tagging, the moveinent of such fishes differs from the track of 
 movement of their own group. It is therefore ideal to find out, if not already put into 
 practice elsewhere in other seas, species-appropriate method of tagging a major 
 portion of a school of fishes at a time from a place. Methods should be evolved to 
 follow the tagged fishes at sea instead of recovering the tagged fish from the fishermen 
 later on land. 


FORV SAGAR SAMPADA'S CAPABILITffiS 


FORV Sugar Sampada is the ideal research vessel for conducting such specific 
 problem-oriented cruises. Vessel's endurance at sea is long, exceeding 30 days at a 
 stretch, well equipped with modern gadgets for environmental data collection and 
 analyses on board. However, as the vertical draught of the vessel is 5.6 m with gross 
 tonnage of 2661 tons and with huge super structure, it is risky to cruise in the nearshore 
 waters especially during monsoons. Two or more cadalmin-type of vessels or the 
 medium vessels of Fishery Survey of India can work in succession in the shallow 
 waters in liaison with FORV Sugar Sampudu. This type of fleet arrangement is 
 necessary for the specific investigations connected with fishes living in shallow waters 
 such as anchovies (10-15 m depth) and the aquatic ecosystems of the islands. 


Perhaps the facilities of aquarium tanks on board FORV Sugur Sampudu can best 
 be utilized for conducting pilot projects of various live fishes. The preferential 
 behaviour of anchovies for the Gulf of Mannar waters than for the Quilon B ank waters 
 during monsoon period can be studied by suitably designing the experiment on board. 


The maximum size of the anchovie fish is about 100 mm only (UNDP/FAO, 1976). 


It is relatively easy to handle the live anchovies in aquria, as they are small in size. 


Physiological factors of anchovies responding to specific conditions of waters can 
thus be identified in such preliminary observations on board. Scientists at times may 
overstay at sea, if their new findings in the cruise demand. 
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Short term variability of ocean responses at the outer  shelf off Cochin under a heating regime 


M.G.Joseph, P.Madhusoodanan & V.V.James 


Naval Physical and Oceanographic Laboratory, BMC P.O, Thrikkakara, Cochin-682021 
 ABSTRACT 


The synoptic oceanic variability of the thermohaline fields in response to the 
 surface forcing and currents at the shelf break (9°44'N, 75°42'E and -100 m depth) 
 off Cochin over a 7 day period (168 hr) during 10-17 April 1991 was documented 
 utiUsing 3 hourly data ( micom-STD, meteorology and Aanderaa current meter) 
 collected onboard FORV Sugar Sampada. The significant ocean response mani-
 fested in the progressive increase in the magnitude and range of the sea surface 
 temperature (SST) (30.6° - 32.3°C), peaking higher during 13-15 April (maximum 
 on 13 April) due to increased day heating at low wind forcing. An initial gentle 
 increase in the negative gradient (0 to 0.15°C m" )of upper 10 m of the ocean due to 
 afternoon effect reached high during 13 - 15 April (maximum on 13 April). Corre-
 spondingly, the surface layer positive gradient (0.001 to 0.004°C m" ) due to 
 nocturnal cooling reached maximum on 12 April. Perturbed by the diurnal shoaling 
 and deepening, the mean progression of the mixed layer depth (MLD) (1 - 26 m) 
 showed an initial decrease to the minimum on 13 April and a following increase to 
 the maximum on 17 April in response to the respectively decreasing and increasing 
 wind stress. Surface salinity (34.57 - 34.67 x 10") varied with a mean progressive 
 increase, while the depth (68 - 95 m) and salinity (35.5 - 35.9 x 10' ) of the subsurface 
 salinity maximum decreased to the minimum in response to a probable offshore 
 recession of the shelf waters during 13-15 April as suggested by an increase in the 
 offshore flow near bottom. 


INTRODUCTION 


Recent observations near the southwest coast of India have confirmed the existence of 
complex variability of ocean parameters like temperature, salinity and currents in 
response to the changes in the major monsoon and flow regimes and the intervening 
transitional adjustments. The mean thermohaline and hydrographic variability in the 
coastal waters of the southwest coast are greatly controlled by the northerly (Novem-
ber - February) and southerly (March - September) currents and the respective 
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undercurrents in the opposite directions (Darbyshire, 1967; Banse, 1968; Shetye, 
 1984; Shetye & Shenoi, 1988). The short period/intra-seasonal and diumal/intra-diur-
 nal perturbations over these seasonal patterns have been related earlier to the forcings 
 by vertical and lateral fluxes of heat, momentum and mass due to synoptic scale air-sea 
 interaction and tidal flows (Joseph ef a/. 1992,1993; Murthy & Hareesh Kumar, 1991; 


Shenoi & Antony, 1991; Sanil Kumar et al. 1993). Off Cochin and Calicut, the nature 
 of the short period oceanic variability during December (Basil Mathew et al. 1991) 
 and February (Madhusoodanan et al. 1993) showed significant influences from 
 dominant convective mixing, influx of low saline Bay of Bengal / Equatorial Surface 
 Waters, brought by the prevailing currents and associated thermal inversions. This 
 paper attempts primarily to analyse and describe the short period variability in the 
 atmospheric forcing and responses of the continental shelf waters off Cochin during 
 the spring heating. 


MATERIALS AND METHODS 


Time series observations were made onboard FORV Sagar Sampada near the 
 continental shelf break off Cochin at 9° 44'N, 75°42'E and 100 m depth (Fig. 1) during 
 10- 17 April 1991. Three hourly data of temperature and salinity against depth (TSK 
 micom-STD, accuracy: ±0.05°C, ±0.04 x lO''' and ± 3 m or ±0.3 % of full scale), 
 surface meteorological parameters of pressure (PR), wind speed (WS), direction (WD) 
 (TSK anemometer, accuracy: ±0.5 m s" and ±5°), dry (DB), wet bulb (WB) and sea 
 surface (SST) temperatures and currents at 2 m and 80 m (Aanderaa current meter, 
 accuracy: ±0.01 m s" or 2% and ±7.5°) during this period were utilised for the 
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analyses. Radiative and turbulent heat fluxes were estimated using standard proce-
 dures (Joseph et al. 1992). Mixed layer depth (MLD) was analysed from the STD 
 profiles as the shallowest depth with 0.2°C drop in temperature from surface. 


RESULTS AND DISCUSSION 
 Prevailing meteorological conditions 


Semidiurnal fluctuations in PR (1007 - 1013 mb) (Fig.2a) were found to be 
 superimposed on a long period variation reaching minimum on 12 April and maxi-
 mum during 14-15 April. Wind was predominantly westerly (Figs.2b and 4), with 
 northerly and southerly components, while daytime shifts to easterly/northeasterly 
 components peaked during 13-15 April. Variation in the moderate WS (0 - 6 m s' ) 
 (Fig.2c) showed a decrease to the minimum coinciding with the maximum in PR 
 during 13-15 April and a following increase up to 17 April. Relatively low cloudiness 
 (CL,2 - 5 octa) (Fig.2d) during the period, showed a slight increase during 11-15 
 April, reaching maximum on 14 April. Diurnal ranges in DB (27.1° - 31.6°C) (Fig.2e) 
 became more during 13-15 April, possibly from increased cloudiness and decreased 
 wind forcing. 


Net heat flux and surface layer thermal response 


The nature of day-to-day variations in the net surface heat flux (QN) (Fig.3a) 
 indicates the prominent influence of wind speed on the latent heat fluxes. As a result, 
 the maxima in day heating (850 - 897 W.m"l peaked during the days of relatively low 
 winds (13-15 April), while nocturnal cooling (-73 to -275 W.m'^ peaked during the 
 windy days 10, 11, 12, 16 and 17 April (maximum on 12 April). Response to the 
 surface layer heating was apparent in the march of SST (30.6° - 32.3°C) (Fig.3b) 
 during the period. Earlier observations of higher SST (30° - 31.5°C) in the deep and 
 shelf waters of the east central Arabian Sea during April (Rao et al. 1974) and 
 May/June ( Ramesh Babu et al. 1991) were also related to net surface heat fluxes only. 


However, apart from a progressive day-to-day increase in the diurnal mean tempera-
ture, the unusual peaking of the afternoon maximum to extremely high values 
(>31.5°C) during 13-15 April (highest on 13 April) can only be related to a possible 
spurt in heat absorption due to a plankton bloom or inqrease in other suspended 
sediments for correlating which relevant data were not available. Heating rate in-
creases with decreasing thickness of the mixed layer. The thin surface layer with high 
temperature as observed on these dates was conducive to rapid growth of plankton 
causing increase in the heating rate (Zaneveld et al. 1981) and the resulting higher 
surface layer temperature. This has also influenced the time variability of surface 
transients (positive and negative) as assessed from the difference in temperatures 
between surface and 10 m (SST - Tio) (Fig.3c). Transient thermoclines (negative 
gradients) (0 - 0.15°C m" ) were indicated between 1400 and 1500 hrs on all days, 
peaking during 13 - 15 April (maximum on 13 April). Surface thermal inversions 
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Fig.2 - Time series of: a) pressure (PR),b) wind direction (WD), c) wind speed (WS), 
d) cloud amount (CL) and e) air temperature (AT) 
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Fig.3 - Time series of: a) net surface heat flux (QN), b) sea surface temperature (SST), 
 c) transients (SST - Tio) and d) mixed layer depth (MLD) 
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Fig.4 - Time series vector plots of surface wind and currents at 2 and 80 m 
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(positive gradients) (0.001 - 0.004°C m" ) due to nocturnal convections were apparent 
 during 0000 - 0600 hrs on all days except during 14 -16 April. The resulting variations 
 in MLD (1 - 26 m) (Fig.3d) shows the diurnal ranges to be maximum during 10 - 12 
 April during which heating/cooling played a dominant role, while extreme shoaling 
 and reduction of diurnal ranges in MLD occurred during  1 3 - 1 5 April as a result of 
 heating under low wind forcing and increased cloudiness respectively. However, 
 MLD increase after 15 April resulted from the dominant influence of the increasing 
 wind stress. 


Surface and bottom currents and thermohaline responses 


Surface current (at 2 m) (5 - 35 cm s' ) varied between westerly/southwesterly and 
 northerly/northeasterly/southeasterly directions (Fig.4) with period of rotations 
 greater than semidiurnal / diurnal ranges. Current speed was greater (up to 50 cm s" ) 
 at 80 m where tidal rotations were absent and the dominant current component was 
 northerly, indicating the influence of the northerly undercurrent to be present during 
 this period (Shetye & Shenoi, 1988). At 2 m, U component of current ( Fig 5a ) was 
 weaker  ( 0 -10 cm s" ) and varied with semidiurnal / diurnal / long period oscillations 
 and dominant presence of westerly components. V component at 2 m (0 - 20 cm s' ) 
 (Fig.5b) was dominantly southerly with northeriy components peaking on 12 and 16 
 April. Variation of U component at 80 m (Fig.5c) indicated dominant semidiurnal 
 oscillations, being superimposed on a long period trend, which showed an initial 
 increase in westerly components from 13 April onwards. V component at 80 m 
 (Fig.Sd) varied with an increase in northerly speed up to 13 April and a following 
 decrease. 


Superimposed by the intradiumal/diurnal fluctuations of tidal periods, the mean 
 variation of the surface salinity (SS) (34.57 - 34.67x 10 ) (Fig.6a) suggested a 
 progressive increase from 10 to 17 April with maximum on 13 April and minimum on 
 15 April corresponding to respective increases in the observed onshore and offshore 
 flows across the continental shelf edge (Fig.5a). Variation in the magnitude of a 
 subsurface salinity maximum (SSM) (35.50 - 35.90 xlO'^) (Fig.6b) due to the intru-
 sion of Arabian Sea High Salinity Water (ASHSW) (Wyrtki, 1971) and the depth of 
 subsurface salinity maximum (DSSM) (68 - 95 m) (Fig.6c) suggested possible influ-
 ences by the near - bottom current during the period. This was apparent from the fact 
 that a mean decrease in SSM and DSSM during 13-15 April possibly resulted from 
 an increase in the offshore component of the near bottom flow (Fig.5c), carrying less 
 saline nearshore waters. 


Progressive thermohaline transformations in response to the surface forcing and 
currents during the period are depicted in Fig.7. The changes in the vertical thermal 
structure (Fig.7a) reflect the influence of diurnal heating and decreased wind stress 
especially during 13 -15 April. During this period, higher SST(>31°C) was associated 
with the shoaling of MLD/thermocline. The continuous presence of a secondary 
mixed layer (30 - 50 m) of 10 - 30 m thickness, possibly resulted from the internal 
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Fig.5 - Time series of U and \ ..umponents at 2 and 80 i 



(23)14  Joseph et al. 


34.S 


^  3 5 . 8 
 in 


10 
 n 



in  to 



o 


C . 35.6 


35.A 
 60 
 70 
 80 
 90 
 100 



t - t - H 



I I ' I ' I I I ' I I I I I ' I 



- <c) 


I • I  I I I I I I I I II 
 10 n 12 13 \t. IS 16 17 18 



DATE  APRIL1991 


Fig.6 - Time series of: a) surface salinity (SS), b) subsurface salinity maximum (SSM) and 
c) depth of subsurface salinity maximum (DSSM) 
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Fig.7 - Time sections of: a) temperature and b) salinity 


wave or shear mixing at the top of thermocline. Though such cases of secondary 
 layer(s) have been reported earlier off Bombay in June (Sanil Kumar et al. 1993), a 
 different reason was attributed. The influence of wind relaxation, enhanced by the 
 currents is also apparent in the changes of vertical salinity structure (Fig.7b), evident 
 by the decrease in SSM and the shoaling of DSSM during 13-15 April (Fig.6). 


CONCLUSION 


Analysis of surface forcing and oceanic thermohaline responses at the outer shelf 
break off Cochin during 10 - 17 April 1991 reveals the following. 
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Semidiurnal oscillations were superimposed on long period variation in surface 
 pressure, reaching maximum during  1 3 - 1 5 April during which the strength of the 
 predominant westerly wind slackened to minimum with easterly/northeasterly com-
 ponents. Day heating (afternoon) peaked (QN > 890 W.m""! under decreased wind mixing/ 


cooling during 13-15 April, while nocturnal cooling increased (QN > -270 W. m" ) under 
 enhanced wind forcing/cooling during 10-11 and 16 - 17 April. 


The consequent oceanic subsurface responses were significant by the decreasing 
 magnitudes/diurnal ranges of SST, increased magnitudes of thermal inversions and the 
 increased diurnal range of MLD under the windy, less cloudy period of 10 -12 and 16 
 - 17 April. Increase in transient thermoclines, reduction in diurnal range/shoaling of 
 MLD under reduced wind forcing/increased cloud conditions characterised the inter-
 vening period during 13-15 April. 


While surface current (2 m) was weaker and variable/rotary, near-bottom (80 m) 
 current was stronger and dominated by northerly components. A progressive increase 
 in SS observed during the period is perturbed by a maximum on 12 April and 
 minimum on 15 April, possibly due to increase in the onshore and offshore flows. 


Observed decrease in SSM and DSSM during 13- 15 April resulted from the increase 
 in offshore flow near bottom, carrying less saline shelf waters. The transformations in 
 the thermohaline structures clearly reflected dominant influence of wind stress, en-
 hanced by diurnal heating and currents. A secondary mixed layer due to possible 
 internal wave/shear mixing, existing below 30 - 50 m also varied in response to the 
 wind forcing. 
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Premonsoon current structure in the shelf waters  off Cochin 


C.V.K. Prasada Rao, P.V.Hareesh Kumar & N.Mohan Kumar 
 Naval Physical and Oceanographic Laboratory, Cochin - 682021 


ABSTRACT 


Premonsoon variability of currents in the shelf waters off Cochin (9° 43'N and 
 75° 44'E; depth 90m) were studied utilizing the time series data. The surface currents 
 were southerly whereas northwesterly currents were noticed at deeper levels during 
 the premonsoon season. However, the flow was weaker in April compared to that in 
 May. After 27' May a substantial increase was noticed in the current speed below 
 the surface homogeneous layer. The dissolved oxygen concentration in the lower 
 layers showed a decreasing trend. Increase in the suspended particle concentration, 
 as revealed from turbidity measurements, is mainly due to offshore transport of the 
 sediment rich coastal waters. All these factors suggest the occurrence of upwelling in 
 this region. 


INTRODUCTION 


It is well-known that the shelf waters off southwest coast of India experience up-
 welling which commences during premonsoon (March) and continues till the end of 
 the summer monsoon season (September). During this period the nutrient rich sub-sur-
 face waters march upwards which in turn enhance the zoo plankton productivity. To 
 understand the phenomenon of upwelling it is necessary to know the underlying 
 physical processes, viz, the prevailing wind and current systems. Apart from up-
 welling, knowledge on surface and sub-surface currents are very important for 
 navigation, offshore engineering structures, disposal of wastes, pollutants etc. Infor-
 mation on currents is considered very vital for ocean mixed layer and surface wave 
 modelling, acoustic propagation and tomographic studies. Information on current 
 structure is much lacking for Indian waters and only few observations were reported 
 for the west coast of India (Shenoi et al. 1988; Mathew et al. 1991; Joseph et al. 1993). 


The monthly mean data available from atlases and ship drift data (Wyrtki, 1971; Cutler 


& Swallow,1984) were averaged over large grid sizes and hence do not provide the 
 finer details. In this paper the results of the analyses of time-series data on surface and 
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sub-surface current velocities obtained in the shelf waters off Cochin during premon-
 soon (April 1991 and May 1992) are presented. Data on turbidity, dissolved oxygen 
 and surface waves which were obtained in the same period are also used. 


MATERIALS AND METHODS 


Time-series data collected in two cruises of FORV Sugar Sampada during 9-20 
 April 1991 (cruise # 88) and 22 May to 3 June 1992 (cruise # 101) at 9°  4 3 ' N and 75° 


4 4 ' E in the shelf waters off Cochin (Fig.l) are utilised for the present study. The depth 
 at the time-series location is around 90m. In both the cruises Aanderaa current meter 
 (Model RCM4 and RCM7) moorings were laid at the stationary position (Fig. 1). The 
 CTD and marine meteorological data were collected from FORV Sagar Sampada. 


The ship was anchored close to the mooring location. During the cruise # 101 a 
 Datawell wave directional buoy (WAVEC) was alsomoored at this location. Wave 
 phase velocity (derived from peak period) and wave (swell) direction from WAVEC 
 data and dissolved oxygen and total beam attenuation coefficient, which is a measure 
 of the suspended particle concentration from 3 hourly CTD casts pertaining to cruise 


# 101 are used as supporting information fcfr explaining the prevailing current struc-
 ture. 


RESULTS AND DISCUSSION 


Figure 2 shows time series of hourly averaged cross-shore (U) and along-shore (V) 
 components of the current vectors at  1 0 , 2 0 , 4 0 , 6 0 , and 80 m depths. It is seen that the 
 currents observed during April 1991 are very weak (< 25 cm/s) compared to May-
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Fig. 2- Hourly time series of- A) cross-shore, U and B) along shore components of currents 
in cm/s at 10, 20,40,60 and 80 m depths during April'Ql and May-June'92 
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June 1992. During the latter period the magnitude of currents ranged between 50-100 
 cm/s in the near-surface (10 m and 20 m) and exceeded 100 cm/s in sub-surface (40 
 m and 60 m). At 10 m and 20 m depths the southerly flow (-ve values of V) was noticed 
 whereas north-westerly flow prevailed in the lower layers (40 m, 60 m, 80 m). An 
 increase in current velocity (V at 40 m and 60 m) is conspicuously seen below the 
 surface homogeneous layer after 27 May 1992. Figure 3 presents 1-h averages of 
 current speed (CS) and direction (CD) at 10 m, wind speed (FF), wind direction (DD), 
 wave phase speed (WS) and wave (swell) direction (WD). WS was computed from 
 peak period following linear wave theory. It is seen that the near surface flow is against 
 the swell direction. Further.the correlations between current vs wind and current vs 
 wave are weak (<0.1). Relatively better correlation (0.5) is seen when daily (24 h) 
 averages are used suggesting that high frequency components in the current field are 
 not controlled by the local winds. Figure 4 presents 3-h time-series of total beam 
 attenuation coefficient (ext.coeff) and dissolved oxygen content at current meter 
 depths. Dissolved oxygen in the sub- surface waters (40, 60 and 80 m) decreased 
 during this period. This is mainly due to the northward flow (Fig.2) which brings low 
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oxygen content water from the equatorial region. The time series of total beam 
 attenuation coefficient at all depths suggests the increase in the suspended particle 
 concentration which might be due to offshore transport (-ve U values) of sediments 
 from the coastal region. The large fluctuations in the oxygen content and total beam 
 attenuation coefficient in the thermocline (40 m) indicate the influence of internal 
 waves. 
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CONCLUSION 


Southerly currents in near-surface and north-westerly currents in sub-surface are 
 observed in the shelf waters off Cochin during premonsoon. Currents in April are 
 generally weak compared to May. The observations made in May indicate strong 
 currents at 40 m and 60 m depths (more than 100 cm/s) when compared to near-
 surface and bottom waters. The northwesterly subsurface currents are responsible for 
 the decrease in the oxygen concentration and increase in the suspended sedim'-nt. Low 
 frequency oscillations (24 h mean) in the current field are not correlated with the local 
 winds and waves. The current structure as well as the other features observed suggest 
 the occurrence of upwelling . 
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 ABSTRACT 


A typical case study of the intradiurnal variability in the thermohaline features 
 of the continental shelf waters (-100 m) off Cochin in response to the surface forcing 
 was made utilising the hourly data (meteorology and micom-STD). The analysed 
 response of the shelf waters indicated an initial moderate deepening (23 m) in the 
 morning (08(X)-10(X) hrs), subsequent shoaling and progressive afternoon and early 
 morning (16(X) hrs on 16 April to 0300 hrs on 17 April) deepening of the mixed layer 
 (ML) due to the respective increase/decrease in the wind forcing and unimodal net 
 surface heating. A secondary mixed layer observed between 40 - 70 m from 1(XX) hrs 
 on 16 April might be the result of internal wave mixing above the permanent 
 thermocline (60 - 80 m). The variations in the salinity field indicated a progressive 
 increase in the surface salinity (34.60 - 34.66 xlO ), possibly from advective 
 influence and the presence of a subsurface high saUnity core (35.56 - 35.90X 10"^), 
 whose depth variation (75 -'95 m) was bimodal over the diurnal cycle, implying the 
 possible semidiurnal tidal influence. 


INTRODUCTION 


Intradiurnal scale variability of ocean responses, especially at a coastal site, affect a 
 number of maritime operations of diurnal interest, like fisheries, anti-submarine 
 warfare or salvage operations to note a few. Unlike the short-term or long-term 
 variability, past investigations on the intradiurnal scale features based on close time 
 series data from the seas around India are very few (Rao, 1960; Rao & Rao, 1962; Rao 


& Hareesh Kumar, 1987; Hareesh Kumar & Rao, 1989, Murthy & Madhusoodanan, 
 1987) and dealt with the diurnal ranges in temperatures and inversions in the surface 
 layers off Visakhapatnam, eastern Arabian Sea and off Quilon. Off the southwest coast 
 of Cochin, apart from the diurnal heating and wind mixing, additional effect of tidal 
 advection causing a secondary warming during night has been observed earlier in 


25 



(34)26  Joseph & Madhusoodanan 


February (Vijayarajan & Santha Devi, 1987) and November (Vijayarajan et al. 1992). 


This paper attempts to examine a typical diurnal case for accounting the observed 
 intradiurnal atmospheric forcing by the air-sea fluxes and the resulting oceanic 
 responses in the thermohaline fields off Cochin during the heating season in April. 


MATERIALS AND METHODS 


Time series (hourly) observations on hydrographic and meteorological parameters 
 were made on board FORV Sagar Sampada from 0600 hrs on 16 April to 0600 hrs 
 on 17 April 1991 at 9°44',N, 75°42'E (depth -100 m) (Fig.l) near the edge of the 
 continental shelf off Cochin. The hydrocasts were made using TSK micom-STD 
 [accuracy: ± 0.05°C, ±0.04 (x 10"^) and ± 3 m or 0.3 % full scale]. Hourly data from 
 records of surface, dry and wet bulb temperatures and of wind ( TSK anemometer, 
 accuracy:! 0.5 m s' and ± 5°) were also utilised. Standard procedures (Joseph et al. 


1982) were followed to compute the radiative and turbulent fluxes of heat. 


RESULTS AND DISCUSSION 
 Surface meteorology and air/sea fluxes 


The surface pressure (PR) variation (1008 - 1013 mb) (Fig.2A) was bimodal 
 (semidiurnal) with occurrences of maximum, minimum, secondary maximum and 
 secondary minimum at 1000, 1700 and 2300 hrs on 16 April and 0500 hrs on 17 April 
 respectively. Northwesterly/westerly wind (Fig.3A) was dominated by the northerly 
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component during the diurnal part of 16 April and by westerly component during the 
 early morning hours of 17 April. Multimodal fluctuations in the wind speed (3 - 7 m 
 s" ) (Fig.2B) showed maximum in the afternoon(1700 - 2000 hrs) and minimum in the 
 forenoon (0700 hrs and 1200 - 1400 hrs respectively) of 16 April. With a moderate 
 cloud cover (2 - 4 octa, Fig.2C), ranging between maximum during 1200-1800 hrs 
 on 16 April and minimum during the rest of the duration, the air temperature (DB) 
 (28.7° - 31.5°) followed a bimodal fluctuation (Fig.2D), reaching maximum at 1000 
 hrs, secondary maximum during 1900 - 2300 hrs, minimum at 0600 hrs and secondary 
 minimum at 1600 hrs. The effect of dominant response to the changes in evaporation 
 rate resulting from wind forcing was apparent in the multimodal variation of wet bulb 
 temperature (WB) (26.0° - 27.8°C, Fig. 2E). Unlike the observations in February 
 (Vijayarajan & Santha Devi, 1987) and November (Vijayarajan et al. 1992), a 
 secondary nocturnal surface warming was not evident and the diurnal cycle of sea 
 surface temperature (SST) (30.9° -31.3°C, Fig.2F) indicated the presence of afternoon 
 (1400 hrs) maximum and early morning (06(X) hrs) minimum. 


The unimodal cycle of net short wave flux (Qi) (0 - 875 W.m'^) (Fig.4A) had the 
 maximum at 1200 hrs, whereas the multimodal long wave flux (Qb) (-40 to -60 W.m'^) 
 (Fig.4B) reached a minimum at 0900 hrs and maximum at 1500 hrs. The changes in 
 the turbulent fluxes depended on dominant influences by wind speed as in the case of 
 latent heat flux (Qe) (-60 to -100 W.m'^) (Fig.4C) and by air-sea temperature differ-
 ence as in the case of sensible heat flux (Qs) (2 to -7 W.m"^) (Fig.4D) with the 
 maximum 9f heat gain at 1200 hrs and loss at 1800 hrs. The variation in the net surface 
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Fig.2 - Hourly march of: A) surface pressure (PR),B) wind speed (FF), C) cloud cover (CL), 
 D) air temperature (AT),E) wet bulb temperature (WB) and F) sea surface 


temperature (SST) during 16-17 April 1991 
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