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Abstract
It is well established that small-sized live feed with sufficient DHA, EPA and ARA as
starter feed is the key factor for the success in larviculture of marine fishes with altricial larvae
having limited yolk, which are in an undeveloped state at hatching. Copepods form a major
component of the natural diet of many fish larvae and the wide range of body sizes of copepods
both within and between species is extremely useful for employing the early stage nauplii and
copepodites as starter feed for very small larvae with small mouth opening. Improved survival,
growth and normal pigmentation have been documented in the larviculture of several marine
finfishes reared with the early stage nauplii and copepodites. This is generally attributed to the
levels of DHA, EPA and or arachidomic acid (ARA) in the diet and particularly to the DHA:
EPA ratio in the diet. Two species of copepods viz. Euterpina acutifrons, a harpacticoid copepod
and Pseudodiaptomus serricaudatus, a calanoid copepod were selected and cultured. They
were employed as starter feed for the larviculture of three species of damsel fishes viz. the three
spot damselfish, Dascyllus trimaculatus, the humbug damselfish, Dascyllus aruanus and the
blue damselfish, Pomacentrus caeruleus. It was found that co-culturing of copepods in greenwater
in the larviculture tank is the most effective method for initiating the exogenous feeding of the
species studied. Initially greenwater was developed in the larval rearing tanks by adding sufficient
quantity of the culture of microalgae Nannochloropsis sp. so as to get a cell count ranging from
1 x 105 cells / ml to 6 x 105 cells / ml. Adults of copepods E. acutifrons and P. serricaudatus were
introduced into the greenwater. When the copepods started their growth phase, newly hatched
larvae were introduced into the tanks. The number of egg bearing copepods and nauplii per 50
ml in the larviculture tanks upto 20-25 days of post hatch is presented. The larval survival in
relation to abundance of nauplii and egg bearing copepods is also given. The utility of copepods
in the larviculture of damselfishes is discussed in the light of the results of the study.

Introduction
Copepods constitute a first vital link in the marine food chain leading from primary
producers to fish. The rapid expansion of hatchery production of seed for marine
aquaculture and increasing interest in new species and the culture of ornamental species
to replace wild fisheries, necessitate development of suitable larval feeds which could
not be met by conventional species of live feeds such as rotifer and Artemia. Thus
*Corresponding author. Tel.: +98 917 705 1248
E-mail address: drggopakumar@gmail.com
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interest in copepods has been generated and the use of copepods as live feed in aquaculture
gained momentum. They are employed mainly because they are the only prey of
acceptable size for small larvae of ornamental fish species or the only type of live feed
that will support the rearing of many species of marine finfish with altritial type of
larvae. Marine copepods, the principal diet for most marine fish larvae in nature, contain
high levels of DHA and other PUFA, either obtained through their phytoplankton diet
or accumulated despite low PUFA levels in the diet. Copepods are also an important
source of exogenous digestive enzymes and are thought to play an important role in fish
larval digestion.
The newly hatched larvae of marine ornamental fishes of the family Pomacentridae
(other than clownfishes) are very small and hence they cannot be reared by employing
rotifers as live feed for first feeding. Three species of damselfishes viz. the humbug
damsel Dascyllus aruanus, the three spot damsel D. trimaculatus and the blue damsel
Pomacentrus caeruleus have been successfully reared by using copepods.

Materials and Methods
Two copepod species viz. Euterpina acutifrons and Pseudodiaptomus
serricaudatus were selected based on their small size and isolated from wild plankton
collections. Mixed culture experiments of the two species were done in 5 tonne FRP
tanks. Initially greenwater was produced by the microalga Nannochloropsis oculata at a
cell count range of 1 x 105 cells-ml to 6 x 105 cells -ml . The two species of copepods
selected were isolated from the wild collection and inoculated to the culture tanks at a
density of about 20-25 adults per 50ml. When the copepods started their growth phase,
daily counts of adults, egg bearing ones, copepodites and nauplii were recorded. The
microalgal cell count was maintained by adding fresh cultures throughout the period of
experiment.
Freshly hatched larvae of three species of damselfishes viz. Dascyllus aruanus,
D.trimaculatus and Pomacentrus caeruleus from the hatchery were employed for
larviculture experiments. Larval rearing was carried out in 5 tonne FRP tanks of light
blue colour. Initially green water was produced in the larviculture tanks using
Nannochloropsis occulata at a cell count range of 1 x 105 cells-ml to 6 x 105 cells-ml and
the same was maintained during the entire period of experiment. The mixed culture of
the two selected species of copepods from the culture tanks was filtered and inoculated
to the larviculture tanks at a density of 20-25 adults per 50 ml. When the copepods
started their growth phase, as was observed by counting the number of egg bearing
copepods and nauplii per 50 ml, about 2000 numbers of the newly hatched larvae of
each species of fish were introduced into the respective tanks. The experiment was
conducted upto 25th day of post hatch (dph) for Dascyllus aruanus and D. trimaculatus
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and upto 20th (dph) for Pomacentrus caeruleus. Three replicates were carried out for
each species and the average values were taken. The control experiments were done by
employing the rotifer Brachionus rotundiformis as live feed instead of copepods.

Results
Measurements of copepod species employed
Pseudodiaptomus serricaudatus: Freshly hatched nauplii : length 65 - 70 µ, width 45 50µ; Size range of different naupliar stages: 65 - 190 µ; size range of copepodites: 200
- 700µ; Size range of adults: 700 - 850 µ.
Euterpina acutifrons: Freshly hatched nauplii: length 50 - 60 µ, width 40 - 45µ; size
range of different naupliar stages: 50 -180µ; size range of copepodites: 190 - 500µ; size
range of adults: 500 - 600 µ
Mixed culture of P.serricaudatus and E.acutifrons
The culture could be maintained in healthy condition for nearly 25 days. The
daily counts of adults (non-egg bearing), egg bearing copepods, nauplii and copepodites
in 50ml of culture is presented in Figs. 1- 4. The culture was in the productive phase for
about 12 days from 5th day to 16th day.

Figure 1. Daily count of adult (non-egg
bearing copepods)

Figure 3. Daily count of nauplii

Figure 2. Daily count of egg bearing copepods

Figure 4. Daily count of copepodites
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Larviculture of D.aruanus
The daily counts of egg bearing copepods and nauplii per 50 ml of the larviculture
tank are given in Fig.5. The egg bearing copepods and nauplii in 50 ml ranged from 1109 and 3-273 respectively. The larval survival on 25 dph ranged from 3-8%. In the
control tanks total mortality was noted on 4 dph.

Figure 5. Daily counts of egg bearing
copepods and nauplii per 50 ml in
larviculture experiments of Dascyllus
aruanus employing mixed culture of
copepods.

Larviculture of D.trimaculatus
The daily counts of egg bearing copepods and nauplii per 50 ml of the
larviculture tank are given in Fig.6. The egg bearing copepods and nauplii in 50 ml
ranged from 7-97 and 35-203 respectively. The larval survival on 25 dph ranged from
3-4%. In the control tanks total mortality was noted on 4 dph.

Figure 6. Daily counts of egg bearing
copepods and nauplii per 50 ml in
larviculture experiments of Dascyllus
trimaculatus employing mixed culture of
copepods.

Larviculture of P.caeruleus
The daily counts of egg bearing copepods and nauplii per 50 ml of the larviculture
tank are given in Fig.7. The egg bearing copepods and nauplii in 50 ml ranged from 741 and 23-132 respectively. The larval survival on 20 dph ranged from 3-4%. In the
control tanks total mortality was noted on 4 dph.

Discussion
Copepods are nutritionally suitable for marine fish larvae (Stottrup, 2000; Stottrup
2006; Stottrup and Norsker, 1997) and constitute a large percentage of the natural diet
of fish larvae (Mc Kinnon et al., 2003). When compared to Artemia nauplii and rotifers,
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various species of copepods offer
different size ranges of nauplii
suitable for the first feeding of many
marine finfish larvae, which have
small mouth gape. Copepods are the
only acceptably sized prey for small
larvae of ornamental fish species or
the only type of live feed that will
support the rearing marine fish
species with very small larvae (Doi
et al, 1997a; Doi et al., 1997b; Naess
Figure 7. Daily counts of egg bearing copepods
and nauplii per 50 ml in larviculture experiments of
and Lie 1998; Toledo et al., 1999;
Pomacentrus caeruleus employing mixed culture of
Payne and Rippingale 2000b; Payne
copepods
et al., 2001). Improved growth,
survival and rates of normal pigmentation have been documented for several marine
fish species fed copepods alone or as supplement to the traditional diets of rotifers or
Artemia nauplii. (Heath and Moore 1997; McEvoy et al., 1998; Naess and Lie 1998;
Nanton and Castell 1999). The improvements in larval growth, survival and rates of
normal pigmentation are generally attributed to levels of DHA, EPA and or arachidonic
acid (ARA) in the diet (Castell et al; 1994; Reitan et al. 1994; Sargent et al. 1997;
Nanton and Castell 1998).
Production of high-density cultures of copepods is the major bottleneck for the
seed production of marine finfishes. It has been noted that feeding mixed culture of
suitable sized copepods is advantageous for the survival of larvae since a variety of size
ranges of nauplii will be available as larval feed. The copepods selected for mixed
culture in the present study viz. the calanoid P.serricaudatus and the harpacticoid
E.acutifrons have the required sized nauplii suited for the initial feeding of the larvae.
The adult P.serricaudatus occupied the water column of the culture tank whereas the
adult E. acutifrons were mostly at the bottom of the tank. But the naupliar stages of both
the species were spread throughout the water column, which facilitated larval feeding.
However maintaining a high-density mass culture of copepods similar to rotifer culture
is not easy since the multiplication rate of copepods cannot be compared to rotifers.
The low density of copepods in the mixed culture experiments indicates the same.
The larvae of the three species of damselfishes employed in the present study are
very small larvae at the time of hatching. The mouth gape of the newly hatched larvae
ranged from 150-200µ. The newly hatched nauplius of the two species of copepods
employed ranged from 50-70 µ and is suited for the first feeding of the larvae of the
damselfish species studied. Co-culturing of the copepods in green water in the
larviculture tanks is congenial, since regular availability of nauplii to the larvae can be
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assured by this method. The comparatively low percentage of larval survival can be
attributed to the lower density of egg bearing copepods and newly hatched nauplii in the
medium. It is felt that the larval survival can be increased if a higher density of egg
bearing copepods and nauplii could be maintained in the larviculture system. Total
mortality of the larvae in the control tanks with rotifers as live feed can be attributed to
the larger size (around 150 µ lorica length) and poor nutritional quality of rotifers.
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Abstract
Broodstock nutrition is one of the most important research areas in aquaculture. In this
study, sebae clownfish was used to find out the influence of diet on reproductive performance
parameters like egg production, fertilization rate, hatchability, and larval quality. The feeds used
were of marine origin such as squid, cuttlefish, deep sea prawn, immature and mature mussel.
The diets were analyzed for their proximate composition, amino acids profile, fatty acids profile
and astaxanthin. The sub-adult fishes were collected from wild and conditioned prior to
experiment. Data were collected after initial three spawning to achieve stability in egg production
and quality. The egg production was found to be significantly influenced by diet and those fed
cuttlefish meat gave the highest number of eggs per clutch (1520±260 eggs). The fertilization
rate and hatchability were found to be unaffected by the tested diets. The highest larval survival
(62.3±7%) after 12 days post hatching was obtained for fish groups fed deep sea prawn. The
dietary carotenoid content was also found to influence the egg and larval pigmentation. The
result also indicates the importance of dispensable amino acids in egg production. The role of
protein, lipids, and essential fatty acids in the broodstock diets for sebae clownfish are also
discussed.

Introduction
Broodstock diet has considerable influence on the success of hatchery operations
directly by affecting the fecundity, fertilization rate, egg quality, embryo development,
and larval quality (Bromage 1998; Furuita 2000; Izquierdo et al. 2001). Nutrition of
brood fishes critically influences the breeding success and is vital during early larval
stages, especially during yolk nourishment stage. Despite the remarkable advances in
the field of fish larval and juvenile nutrition, new frontiers have to be explored regarding
the nutritional requirements of broodfish. This dearth in information is affecting the
*Corresponding author. Tel.: +91 9447501644
Email address: bvargheseb@gmail.com
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diversification and development of potential mariculture technologies.
In fishes with short vitellogenic period, the gonadal development and fecundity
can be manipulated by giving diets shortly before or during spawning (Izquierdo et al.
2000). In fishes like sea breams, broods continue to feed during spawning and the nutrient
composition of egg and the larvae are greatly influenced by the diet within this short
duration (Watanabe et al., 1985; Tandler et al., 1995). However, in salmonids the process
of reproduction generally involves a dramatic decrease in food intake and a substantial
mobilization of nutrients from various body stores into the developing oocytes (Aksnes
et al. 1986), with vitellogenic period extending upto six months (Fremont et al. 1984).
The necessity of suitable indoor or outdoor culture facilities for maintaining large
groups of adult fishes and the consequent high cost of running and conducting extended
trials are critical factors hindering the progress in broodstock nutrition (Izquierdo et al.
2001). Most of these difficulties can be effectively tackled by using smaller test specimens
with minimal space and culture requirement. Clownfishes hold several vital
characteristics required to be a test specimen for broodstock studies like their continuous
spawning nature, (it spawns two to three times a month), early maturity, easy to maintain
and manage fairly large groups of individuals in small area, acceptance of formulated
diets etc. These fishes expressed the influence of changed dietary carotenoids within a
short span of 48 hrs (Binu Varghese 2004).
The objective of the present study is to suggest small continuous spawners with
predictable reproductive performance as test specimens for marine fish broodstock
nutrition studies. Further studies in similar species can provide the importance of various
nutrients in broodstock development and spawning much faster than the conventional
aquacultured species.

Materials and Methods
The fishes (60 - 70 mm TL) were collected from the Gulf of Mannar (Lat. 790
09′E and Long. 90 16′N) using hand nets. The host anemone, Stichodactyla haddoni
was also collected from the same location. The fishes were packed individually in
oxygenated polythene bags with filtered seawater and transported to the Marine Aquarium
at the Vizhinjam Research Centre of Central Marine Fisheries Research Institute.
Broodstock experiments were carried out for six consecutive spawning by
maintaining three replicates for each treatment. As the numbers of eggs spawned were
considerably low in the initial spawning, data were collected after three successive
spawning. The FRP tanks (2.0 m x 1.0 m x 0.5 m) were equipped with a sub-gravel filter
system. An air-water lift system was established by erecting PVC tubes at the corners of
filter plate. Clay pots were provided as spawning substrate and the continuous aeration
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supplied from air blowers. Apart from indirect sunlight, tanks were individually
illuminated with fluorescent tubes (40 W) hung 50 cm above the water surface to provide
a constant photoperiod of 12L: 12D. Each tank was provided with two individuals having
5- 8 mm length variation to hasten pair formation; two sea anemones were also included
in each of the tank. Filtered seawater was supplied and the water quality in the
experimental system was regularly monitored. The mean seawater parameters observed
during the experimental period were: salinity (33.8 ± 1.6 â), temperature (27.9 ± 0.90C),
pH (8.1 ± 0.1), ammonia (0.005 ± 0.002 mg L-1) and nitrite (0.008 ± 0.004 mg L-1).
The fishes were fed ad libitum twice daily, at 10.00 hrs and 15.30 hrs. The natural
diets used were the brown mussel, Perna indica (MSM), brown mussel with ripe gonads
(MGD), squid Doryteuthis sp. meat (SQD), cuttlefish Sepiella inermis meat (CUT) and
deep sea prawn Heterocarpus sp. meat (DSP). The brown mussels were steamed for Ω
hr and the shucked meat was used. The proximate composition, amino acid profiles and
fatty acid profiles of natural diets were determined.
Larval rearing
Rearing was done in triplicate, each glass aquarium (3′ x 2′ x 2′) was stocked
with 250 newly hatched larvae and the experiment lasted for 12 days. Larvae were fed
with rotifers as first feed, followed by a combination of rotifers and Artemia from 4 dph
(days post hatching) to 12 dph. No water exchange was done during the first three days
and later 25% daily exchange was done.
Biochemical analysis
The feed moisture, crude protein and crude fibre were determined following AOAC
(1990). Crude lipid was estimated by soxhlet extraction with petroleum ether and the
ash content was determined from the residue remaining after incineration of the samples
at 5500C in a muffle furnace. The nitrogen free extracts were computed by difference.
The extraction of carotenoids was carried out by using Weber and Davoli (2003)
method. The extracted polar carotenoids was dissolved in 0.5 ml ethyl acetate and used
for astaxanthin estimation. Astaxanthin was estimated using spectrophotometer at 480
nm, the absorption peak of astaxanthin in visible light. The amount of astaxanthin was
estimated by the following equation.
x

=

(A480 x Y x 1000) / (A 1%/1cm x 100)

Where x = astaxanthin (mg), A480 = absorbance at 480 nm, Y = volume of sample
(2 ml + crude extract added), and A1%/1cm = specific absorption coefficient of astaxanthin
for a 1% solution in a 1 cm cell, in methanol it is 2100. The x value obtained was
multiplied with total volume of crude extract for further calculations.
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Amino acid was analysed by using Waters reversed-phase PICO.TAG amino acid
analysis system. Samples were injected in triplicates and the output was analyzed using
Breeze software. Tryptophan was estimated by the spectrophotometric method as
described by Sastry and Tummuru (1985) after alkali hydrolysis of the sample. Lipid
extraction was carried out by Folch et al. (1957) method and the fatty acid analysis was
performed on a Perkin Elmer AutoSystem XL, Gas chromatograph. A secondary reference
standard of cod-liver oil FAME was used to confirm the peaks. Samples were injected
in triplicate and the data acquisition was done with TotalChrome 6.X.X software.
Data analysis
Data are presented as mean ± standard deviation and analysed using one way
ANOVA. When a significant difference was found, the mean differences between
treatments were tested for significance (p<0.05) by Duncanís multiple range tests.
Statistical analyses were performed using the SPSS 7.5 version for WINDOWS and
results were treated statistically significant at the 5% level.

Results
Pair formation and spawning: The establishment of breeding pair took place within
two months after introduction into the experimental system and spawning started about
one to two months after pairing. A cascade of events like clearing of nesting site, biting
the substratum and parallel swimming by the pairs occur during spawning. The study
reveals that the spawning took place usually between 09.00 hrs and 13.30 hrs. Pairs
exhibited parental care by guarding and fanning the eggs and by removing unfertilized
and unhealthy eggs. The spawning interval remained unaffected between the various
diets tested.
Nutrient profiles: The proximate compositions of the tested natural diets are given
in Table 1. The crude protein varied from 50 - 70% and the lipid 5 - 16%. The cuttlefish
meat with about 60% protein and 11% lipid gave highest egg production; followed by
the deep sea prawn with 56% protein and 9.5% lipid. Amino acid profile showed
significant difference between the diets (Table 2). Among the essential amino acid lysine
content in mussel meat was found to be significantly higher whereas, the arginine content
was high in cuttlefish meat. The total essential amino acids content was high in mussel
meat and the least value was recorded in the deep-sea prawn (Table II). However, the
ratio of essential to non essential amino acid showed a significant relation to the egg
production.
Fatty acid profile showed significant difference between the diets (Table 3). The
total n-3 and n-6 fatty acid levels also significantly varied among the diets, with higher
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Table 1. Proximate composition (% dry matter) of diets fed to broodstock
Diet

Crude protein
(%)

Crude lipid
(%)

NFE
(%)

Crude ash
(%)

Deep sea prawn meat
(DSP)

56.03

9.45

9.23

22.59

Mature mussel meat
(MGD)

55.96

16.71

15.60

8.86

Cuttlefish meat
(CUT)

59.50

10.70

9.26

19.54

Squid meat
(SQD)

70.06

5.30

5.58

15.99

Mussel meat
(MSM)

49.54

11.28

23.82

13.32

levels of n-3 in mussel meat, whereas the n-6 content was high in deep-sea prawn. The
polyunsaturated fatty acid levels also showed significant variation between diets with
the highest level in mussel meat (41.12%) and relatively low levels in deep sea prawn
and cuttlefish, wherein it accounted for less than 30%. The docosahexaenoic acid level
was high in squid and cuttlefish and low in mussel diets; however, eicosapentaenoic
acid was significantly higher in mussel diets.
Astaxanthin concentration was found to be high (42.77µg g -1 wet weight) in the
deep-sea prawn. The mature mussel meat (MGD) had 23.25 µg g -1 of astaxanthin followed
by the mussel meat (MSM) with 17.42 µg g -1 wet weight. Cuttlefish gave the least value
of 5.13 µg g -1 wet weight astaxanthin. The mussel diets had the predominance of
carotenoids other than astaxanthin as the peak absorption was observed well below 480
nm during survey scan.
Influence on egg production and quality: The number of eggs spawned by the
fish was found to be significantly influenced by the diets. The results showed that the
cuttlefish meat fed group gave the best performance with an average clutch size of 1521
± 264 eggs followed by those fed with the deep sea prawn (1300 ± 445), mature mussel
gonad (1150 ± 141), and squid meat (1025 ± 232). Those fed mussel meat yielded the
least with an average clutch size of 885 ± 55 eggs. The clutch colouration distinctly
varied from pale yellow (MSM), pale pink (SQD and CUT), orange (MGD) to pinkish
red (DSP).
The egg capsule length did not vary significantly between the tested diets (Table 4).
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Table 2. Amino acid profile (g/100g protein) of diets used for the broodstock
experiments
Amino acid

DSP

MGD

c

CUT

4.69

10.16d

2.08ac

1.84ab

1.73b

2.30cd

2.62d

ILE

4.14a

4.14a

4.12a

4.65b

4.80b

LEU

8.24a

7.84a

7.56a

9.02b

8.90b

LYS

9.88a

8.67a

15.79b

8.93a

4.48a

MET

2.50a

2.54a

2.55a

3.26b

2.93c

THR

4.23a

5.47c

5.39c

4.72b

4.42a

TRY

1.25a

1.74b

1.67b

1.26a

1.77b

PHE

4.22ab

4.40bc

4.50c

3.94a

3.56d

VAL

4.69a

5.04b

5.23b

4.67a

4.62a

ALA

8.28b

6.24a

5.80a

9.18c

8.13b

ASP

7.11a

9.17b

9.95b

7.86a

7.42a

CYS

0.47a

0.78c

0.64bc

0.71bc

0.60b

GLU

10.43a

9.93ab

9.74b

11.24c

10.45ab

GLY

11.85a

9.98c

7.46d

10.47bc

12.09ab

PRO

5.38a

4.92b

4.23c

5.50a

5.64a

SER

6.48a

5.68b

5.06bc

4.83c

4.70c

HIS

a

SQD

5.29

5.48

b

MSM

8.18

ARG

a

Values with same superscript in the row are not significantly different from each other (P<0.05)
DSP- deep sea prawn, MGD- mature mussel meat, MSM- mussel meat, SQD- squid,
CUT-cuttlefish
ARG- Arginine, HIS- Histidine, ILE- Isoleucine, LEU- Leucine, Lys- Lysine, MET- Methionine,
THR-Threonine, TRY- Tryptophan, PHE- Phenylalanine,VAL- Valine, ALA- Alanine, ASPAspartic acid, CYS- Cysteine, GLU- Glutamic acid, GLY- Glycine, PRO- Proline, SER- Serine,
TYR- Tyrosine
”EAA- Total essential amino acids
”NEAA- Total non-essential amino acids

However, the capsule width exhibited significant variations among the treatments. The
capsule width was high when fed with mature mussel's meat (914 µm) and was least
when fed with immature mussel's meat (845 µm).
Fertilization rate and hatchability: The test diets have no significant effect on the
fertilization rate and hatchability of the eggs in the present study.
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Table 3. Amino acid profile (g/100g protein) of diets used for the broodstock experiments
Fatty Acids

DSP

CUT

SQD

MGD

MSM

C14:0

3.62b

2.24a

2.25a

6.65c

6.9c

C16:0

19.4b

17.01a

18.95ab

29.18c

26.77c

C16:1 n7

2.52b

2.85b

0.32a

2.89b

3.97c

C18:0

n.d

14.95b

3.31a

n.d

2.97a

C18:1 n9

21.86d

0.19b

10.12a

14.47c

9.96a

C18:1 n7

4.33a

0.22b

n.d

n.d

n.d

C18:2 n6

1.91b

0.27a

0.58a

2.4b

1.95b

C18:3 n3

0.35a

0.54a

0.22a

1.74b

2.73c

C18:4 n3

0.41

a

n.d

n.d

n.d

2.31b

C20:1

1.18a

13.71b

12.32c

1.57a

1.33a

C20:4 n6

7.14a

3.35b

2.41c

n.d

n.d

C20:5 n3

3.57

a

a

a

C22:1

0.98

C22:5 n3

0.48

C22:6 n3

3.58
0.51

a

3.68
n.d

16.1

c

2.42
a

0.93

21.15b
2.19

b

0.97b

n.d

0.48

13.64b

21.39c

28.74d

12.64a

12.01a

C24:1 n9

0.73a

n.d

0.77a

0.47c

0.51b

∑ Saturated

23.02a

34.2b

24.51a

35.83b

36.64c

∑ Unsaturated

62.33a

46.61b

60.86a

55.63d

59.08c

∑ MUFA

31.6c

17.48a

23.53b

21.82b

17.96a

∑ PUFA

28.21a

29.13a

36.11b

33.81d

41.12c

∑ n-3

18.45a

25.51b

33.12c

31.41e

39.17d

∑ n-6î

9.05b

3.62c

2.99d

2.4a

1.95a

∑ n-3 HUFA
Saturated/
Unsaturated

17.69a

24.97b

33.05c

29.67d

34.13e

0.37a

0.73b

0.40a

0.64d

0.60c

n3/n6

2.04b

7.05c

11.08a

13.09a

20.09d

DHA/EPA

3.82b

5.97c

7.81d

0.79a

0.57a

EPA/AA

0.50

1.07

1.53

-

-

Means having same superscript in the row are not significantly different from each other
(<0.05) n.d not detected
MUFA
PUFA
DHA

Mono Unsaturated Fatty Acids
Poly Unsaturated Fatty Acids
Docosa Hexaenoic Acid

EPA
AA

Eicosa Pentaenoic Acid
Arachidonic Acid
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Table 4. Influence of diets on the egg dimensions of sebae clownfish (mean ± SD)
Diet

Egg capsule width
(Ïm)

Larval length
(mm)

2.21 ± 0.04

851 ± 37a

4.18 ± 0.15

MGD

2.19 ± 0.05

b

914 ± 36

4.05 ± 0.19

CUT

2.21 ± 0.02

855 ± 26a

4.09 ± 0.12

SQD

2.23 ± 0.03

910 ± 10b

4.31 ± 0.09

2.19 ± 0.01

a

3.96 ± 0.10

DSP

MSM

Egg capsule length
(mm)

845 ± 20

Values with same superscript in the column are not significantly different from
each other (P<0.05)
DSP MGD CUT -

Deep sea prawn meat
Mature brown mussel
Cuttlefish meat

SQD MSM -

Larval quality: The total length of
newly hatched larvae from the different
treatments was not statistically significant
(Table IV). Among the tested diets, total
length of larvae was found higher with
squid meat fed group (4.31 mm) and lower
in immature mussel meat (3.96 mm).
Another significant finding was that the
larvae from the pairs fed with deep-sea
prawn or mature mussel exhibited brighter
pigmentation.

Squid meat
Brown mussel meat

Figure 1. Survival graph of Amphiprion
sebae larvae

The influence of natural diets on the larval survival is depicted in Fig. 1. The
larval survival has no significant difference at 3 dph, wherein the broodstock diet was
expected to play a major role. At the endof experiment, i.e. 12 dph, the deep-sea prawn
provided highest survival (62.3 ±6.7%) and was followed by mature mussel (60.3 ±
2.1%), squid (59 ± 5.3%) and cuttlefish (54.7 ± 11.2%). The least larval survival was
observed with immature mussel (44.3 ± 5.7%).

Discussion
The energy requirements of anemone fishes are higher during spawning, because
of their protracted spawning nature, continuous growth even after sexual maturity, and
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extensive parental care behaviours. All these energy-demanding processes need to be
catered through adequate diet to maintain consistent spawn quality. Fresh natural diets
are traditionally used to feed broodstock and are the most effective way of meeting the
nutritional needs of fish and ensuring good quality eggs (Bruce et al. 1999). The diets
fed to brood fish are known to influence the larval quality in fishes (Duray et al. 1994;
Fernandez-Palacios et al. 1995; Tandler et al. 1995).
Among the nutrients dietary protein is known to significantly influence the process
of reproduction in fishes (Watanabe et al. 1984a; Harel et al. 1994; Tandler et al. 1995).
In sea breams reduction in dietary protein significantly affected the broodstock
performance (Cerda et al. 1994; Watanabe et al. 1984b). Present study on clown fishes
revealed the importance of protein and amino acids as the major nutrients influencing
the egg production, provided fatty acids are fairly balanced. In general diets with 55 to
60% protein and 9 to 12% lipid positively influenced the bloodstock performance in
sebae anemonefish. The superior egg production and egg quality observed with the
cuttlefish fed groups are in conformity to the observations as in other marine fishes
(Watanabe et al. 1985, 1991; Harel et al. 1994). This superiority of cuttlefish diet in
enhancing the egg production and viability are attributed to its fat insoluble portion
(Watanabe et al. 1991).
Vitellogenin is the main yolk precursor in teleosts, the role of amino acids and
fatty acids in vitellogenin synthesis is well described (Specker & Sullivan 1994; Sargent
1995). In the case of protracted spawners like sebae anemonefish (2-3 spawning per
month round the year), the diet forms a major source of amino acids required for
vitellogenesis than the muscle proteins. Further studies on the process of vitellogenesis
in protracted spawners are essential to establish the role of dietary nutrients and the
regulatory factors. The significant variations observed in egg production between the
treatments may be due to the difference in the rate of vitellogenin synthesis and uptake.
Vitellogenin is characterised by high content of alanine, glutamic acid and leucine
and with a lower concentration of serine in gilthead sea bream (Fernandez-Palacios et
al. 1997). The vitelline envelope proteins of gilthead sea bream have high content of
proline and glutamic acid and a relatively low content of cysteine (Hyllner et al. 1995).
This indicates the role of non-essential amino acids in the vitellogenin synthesis and
thus in egg formation.
The essential to non-essential amino acid ratio in the cuttlefish meat, which gave
the highest egg production, was found to be 0.93:1. Similarly, the egg production was
found to be lower in pairs fed with diets which have higher level of essential amino
acid (Table II). These findings are reconfirmed in further studies using formulated
moist diets (Binu Varghese 2004). Though, fishes can synthesise dispensable amino
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acids adequately for normal protein synthesis, dietary supplementation may help to
improve the egg production in continuous spawners where its requirement may be high
during the process of egg production as a source of energy and also a egg constituent.
Further studies are also needed to confirm the essentiality and role of dispensable amino
acids to broodstock.
The poor response obtained with mussel meat in the present study might have
been due to the significantly higher level of lysine (15.8%), and consequently the amino
acid imbalance. However, the cuttlefish which gave superior egg production had lower
lysine (4.5%) and higher arginine content. The role of lysine and arginine and their
possible interactions in egg production may give further insights in broodstock nutrition.
The dietary lipids are also known to influence the egg and larval quality (Watanabe
et al. 1984a; Duray et al. 1994). The qualitative and quantitative lipid content in the
diets as well as the feeding regime during gonadogenesis was found to influence the
spawning and egg quality (Watanabe et al. 1984a; Harel et al. 1994) and the egg fatty
acid profiles in fishes (Mourente & Odriozola 1990).
In fishes optimum n-3 HUFA requirement was suggested to be approximately
20% of total fatty acids for higher egg quality (Fernandez-Palacios et al. 1995; Furuita
et al. 2002). The upper level depends on the composition of HUFA, since ratios of EPA,
DHA and AA in broodstock diets are important for high quality eggs (Bruce et al. 1999).
Deficiency of n-3 HUFA in the broodstock diet was reported to critically affect the
fecundity, hatchability and viability (Mourente & Odriozola 1990; Fernandez-Palacios
et al. 1995; Rodriguez et al. 1998). Fernandez-Palacios et al. (1995) found that excess
n-3 HUFA in the diet causes decreased fecundity and yolk-sac hypertrophy in newly
hatched Sparus aurata larvae. In the present study dietary n-3 HUFA level between 17
to 25% resulted in better performance and higher levels (>30%) significantly decreased
the egg production.
Delbare et al. (1995) reported that the fatty acid profile of larvae from bad quality
eggs of tomato clownfish had higher EPA: DHA ratio (7.3:1). In the present study, the
cuttlefish with DHA: EPA ratio of about 6:1 gave the higher egg production followed
by the deep-sea prawn with a ratio of 3.8:1. However, squid meat with a higher ratio
(7.8:1) and mussel meat with a lower ratio (0.57:1) resulted in significantly lower egg
production. Thus the ratio of DHA: EPA plays an important role in the egg production.
The fertilization rate and hatchability are often regarded as indices of spawning
success, and considered as major factors influenced by broodstock diets in marine fishes
(Fernandez-Palacios et al. 1995; Rodriguez et al. 1998). Unlike other fishes the
fertilization rate and hatchability in sebae anemonefish were unaffected by the tested
diets. The extensive parental care exhibited by the clownfishes makes these parameters
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insignificant as determinants of egg quality The studies have to be further conducted to
check the effects of these parameters on the diets with inferior nutrient profiles. The
hatchability will be affected only when the eggs were artificially incubated and in the
present study the eggs were hatched in the broodstock tank itself.
Though, sebae clownfish larvae have the propensity to initiate feeding immediately
after hatching the yolk reserves continue to play a major role in larval development as
the availability and assimilability of exogenous diets vary drastically in early stages.
The survivability of larvae was found generally high in all treatments at 3 dph, wherein
higher influence of broodstock diet is expected. However, those from the pairs fed
mussel meat (MSM) resulted in least survival (<70%), perhaps due to the imbalance
caused by excess dietary n-3 HUFA levels, which is known to affect larval survival
(Furuita et al. 2000).
The exact role played by carotenoids in eggs and larval quality is still a debated
issue. Hoff (1996) attributed hatching success and viability in clownfish larvae to the
egg pigmentation. The carotenoids are also known to influence immune system in fishes
(Thompson et al. 1994; Paripatananont et al. 1999). The improved larval survival may
also be due to the vitamin A activity of the carotenoids, as they form precursor to vitamin
A, which in turn can increase the visual capabilities of the larvae and thereby resulting
in increased prey strike success. The mobilization of carotenoids to the ovaries and
then to larvae was reported (Torrissen & Christiansen 1995; Choubert et al. 1998).
Among carotenoids, astaxanthin is known to influence the egg quality in many
fishes (Watanabe & Miki 1993). Active mobilization of dietary carotenoids to developing
eggs within a short span (< 48 hrs) indicates their importance in the egg and larval
quality in sebae anemonefish (Binu Varghese 2004). In the present study, deep-sea prawn
and mature mussel fed pairs showed higher larval survival and this may be attributed to
the dietary astaxanthin content.

Conclusion
The broodstock nutrition is an interdisciplinary research area involving nutrition,
reproductive endocrinology and physiology. The various factors influencing initial
recruitment of oocytes into the pool of maturing eggs is still in its infancy. From this
study it can be speculated that the egg production in continuous spawners like sebae
anemonefish is controlled largely by the quality of broodstock diet. Among the nutrients
amino acids (both essential and non-essential) with adequate level of essential fatty
acids in the diet was found to facilitate superior egg production. The better understanding
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of nutritional factors involved in maturation and spawning processes and their interactions
with other factors are critical to meet the future aquaculture demand.
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Abstract
Physico-chemical and biological characteristics of river Ganga have been studied in the
area of Serampore (station I) and Barrackpore (station II), West Bengal, India with a view to
assess the condition of the river Ganga. Water samples, benthic fauna were collected from the
two stations. Less number of Tubificid were recorded in station II than in station I whereas
chironomid larvae were found maximum in station I. The study indicates that station I is more
polluted than station II.

Introduction
Studies on benthic organism in natural waters are of fundamental importance
as they form the basic food for many fish species and invertebrate bottom dwellers of
economic significance. Benthos have been employed to assess the reflect past and present
environmental condition of an ecosystem more efficiently than physical and chemical
indices of water and soil (Hofmann, 1978) and are sedentary, sessile, long lived and
easily collectable (Petersen 1913). The Ganga River or the Hooghly river (the name of
the Ganga river in the studied area) in the studied area is affected due to abstraction of
large amount of water for industrial uses. Sewer outlets and drainages, which open into
the rivers directly, cause resource deterioration. The present study is mainly concerned
with the population dynamics of macro benthos as related to certain hydrological
condition of the studied portion of the river particularly in view of its organic and
industrial pollution. The main objectives of this study are to highlight the ecological
status in the studied area of Ganga, to study the macrozoobenthic community of the
studied stations, to find out the influence of abiotic factors on the macro fauna of the
studied regions using statistical methods and to assess the different population attributes
with special reference to community diversity. In this context, an attempt was made to
study the above factors in the Ganga Rivers in the areas of Serampore, West Bengal
from January 2007 to November 2007.
* Corresponding author
E-mail address: nathasim@yahoo.com
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Materials and Methods
Two different stations were selected for study in the Ganga river around Serampore
area (Dist. Hooghly, West Bengal) (latitude 22.040 (N); longitude (88.230(E). These are
i)

Station I: 3.5 kms upstream from the college area (motorized boats are moving
across Serampore launch ghat and Dhobi ghat).

i)

Station II: Opposite to Serampore launch ghat (it is under Barrackpore and it is
on the eastern side of the river).

a)

Physico-chemical parameters viz. water pH, soil pH, and water temp. (0C), dissolved
oxygen (DO), dissolved carbon-di-oxide (DCO2), water hardness, Total alkalinity,
BOD, Soil phosphate, soil organic carbon were determined following standard
methods (APHA, 1995).

b) Macrozoobenthos: An Ekman dredge of 22 cm2 was used for the collection of
macrozoobenthos samples. Six samples were collected at random from the study
area. All the samples collected were sieved through a standard sieve no. (256 mesh
/ cm2). The samples were preserved in 70% alcohol for laboratory analysis. Different
mollusks, annelids were identified.
Density and percentage frequency of benthos were calculated. To measure the
diversity of species, different biological indices (Shannon Weiner index, Evenness
index) were also calculated.

Results
Results of the sediment quality in the studied areas are given in the table 1. The
pH of the sediment was alkaline in both the stations. In station I both benthic organisms
and humus causes the decrease of pH of the sediment. The temperature of the sediment
mainly ranges between 23oc-260c at station I and 230 C- 270c at station II. At station –II
the temperature of the sediment is slightly higher than station I

Table 1. Station wise variation in sediment quality in the studied stations
Parameters

Station-I

Station-II

7.4-8.4

7.65-8.9

Temparature( c)

23 - 26

23 -27

Phosphate(mg/l)

3.9 - 4.5

3.5 -4.1

Organic carbon(%)

0.70 -0.89

0.73 -0.82

pH
o
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The phosphate content of the sediment varied from 3.9-4.5 mg/lit in Station-I and
3.5-4.1 mg/lit in station II. In the present study the percentage of organic carbon (%)
varied from 0.70-0.89 at station I to 0.73-0.82 in station II. Temperature of the water
was fluctuated from 19 to 29.75 (0C) at Station I & 19 to 30(0C)At Station II (table 2).
The mean value of temperature is slightly higher in Station II.pH of the water ranged
between 7.31-8.45 at station 7.36-8.83 & I at station II. Alkaline nature of Ganga water
at station I and station II indicates photosynthetic activity& regular entry of cloth washing
wastes in both the areas. Klein (1972) has pointed out that the pH value between 6.7 and
8.4 are suitable. In the present study, the decomposition of organic matter received by
the river either as human waste or as sewage input have not suppressed the pH level.Total
alkalinity was higher at station I than at station II (table 2). The presence of bicarbonate
increases the total alkalinity of the water in stations I.Dissolved CO2 value at station I
was fluctuated from 0.96 to 2.83 mg/l whereas at station II it ranged from 0.43 to 2.36
mg/l. The minimum value was observed in May. The average value of CO2 was higher
at station I than at station II.The DO value ranged from 5.03 to 7.10 mg/l at station I and
5.13 to 7.0 mg/l at station II. The average value is slightly higher at station I. The
average value of water hardness is much higher at station I than at station II (Table 2).
Table-2. Water quality at station I and station II
Parameters
pH
Temperature (00c)
Dissolved O2 (mg/l)
Free Co2 (mg/l)
Total alkalinity (mg/l)
Water hardness (mg/l)
BOD (mg/l)

Range of Variation
Station I

Station II

7.31 - 8.45
19-29.75
5.03-7.10
0.96-2.83
170-225
90-149
3.3-20.1

7.36 - 8.83
19-30
5.13-7.0
0.43-2.36
161.0-195
87-139.10215
2.6-16.9

During the course of survey work some species of annelids, mollusks; arthropods,
which are macrobenthic, have been encountered in the study area. Among annelids,
tubificids and Nereis are noticed. Among mollusks Thiara lineata, T. scabra have been
found. Some crabs were also collected (Table 3,4,5).
Table 3. Percentage of Annelids in studied stations
Station I
Percentage of Tubificida
Percentage of Nereis

100
0

Station II
47.7
9.2

24

Asian Fisheries Science 22 (2009): 21-26

Table 4. Average no.(per m2) of annelids, crustaceans in the studied stations
Station I

Station II

Annelids

153

37

Crustaceans

41

78

Table 5. Average no.(per m2) of annelids, crustaceans in the studied stations
Station I

Station II

Thiara lineata

7998-22300/m2

4061-10690/ m2

Thiara scabra

733-4174/ m2

130-6450/ m2

Discussion
Concept of species diversity index is based on the theory that in aquatic biotic
community living in sewage pollution free environment is characterized by the presence
of a wide variety of species but only a moderate number of each species. A change in the
biotic community structure resulting in less species but greater abundance to select to
learn once reflects the aberrant condition of environmental stress.
In this present study Shannon Weiner Index (H) value is higher in Station -II
(1.2614) than Station-I (0.6644) which indicates station - I is more polluted than station
II (Table 6).
Table 6. Different indices in Station I and Station II
Biological indices

Station-I

Station-II

Shannon Weiner index (H)

0.6644

1.2614

Evenness Index (J)

0.2452

0.4190

Here Mollusk is the largest group of macro fauna in both the stations. T.lineata
and T.scabra, the most dominant species may be regarded as a higher tolerant species
fairing well under stressed condition prevailing in Station I. In Station I pollution indicator
worm Limnodrilu was found abundantly. According to Szczesny (1991) if a river is
more polluted with organic compound, there is greater number of oligochaetes, Carr
and Hiltune (1965) classified polluted water bodies into different categories according
to density of oligochaetes as follows: 100-999 individuals/m2 indicates polluted water,
1000-5000 individuals/ m2 indicates moderate pollution and 5000 individuals / m2 and
above indicates heavily polluted condition. According to this classification station I is
more polluted than station II.
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Goodnight and Whitly (1960) suggested that a bottom invertebrate community
containing 80% or more of the tubificid worms indicate a high degree of organic
enrichment. Tubificidae were recorded more at Station-I, which was enriched with organic
matter receiving the sewage from different sources. However, it harbored Chironomid
larvae less in number. Station-II receiving very little sewage harbored in higher density
of chironomid larvae. The presence of higher densities of tubificidae and lower density
of chironomid larvae may indicate the pollution level at Station-I than at Station-II.
At the point of discharge of pollutant, the clean water fauna is eliminated being
unable to tolerate low oxygen tension and the tolerant fauna such as tubificids, may be
present below the discharge. As the water body gradually reoxygenates, the clean water
fauna increases in number and density.
The damage to an aquatic ecosystem is caused by different kinds of pollutants.
The organisms through their presence, number and behavior can integrate the whole
effect and tend to preserve the past effect of a waste discharge or any ecological
perturbation, even if stressed, species sensitive to that particular stress will be eliminated,
thus reducing the richness of the community and certain species may be favored so that
they become abundant compared to the other members of the community.
However dissolved oxygen content is susceptible to slight environment changes.
In high community oxygen depletion occurs due to higher respiration. For this reason
dissolved oxygen has been extensively used as parameters delineating water quality. In
this the dissolved oxygen value at Station-I was seen to fell as 7.8mg/l - 4.1mg/l. Lower
value of oxygen (4.1mg/l) coupled with higher value free CO2 (14.7mg/l) and alkalinity
(205mg/l) indicated a stressed condition and higher pollution compared to other stations.
So, the variation in the abundance of bottom fauna is mainly influenced by a
number of biotic factors such as temperature, dissolved oxygen, nutrients, composition
of sediment and its organic carbon content. The study of community structure also
provide a clear concept on the polluted condition of the Station I as it harbored the
pollution indicator Tubificid- Limnodrilus in huge number (100% of total Annelids) but
had the lowest diversity of the species.

Conclusion
1) Concept of species diversity index is based on the theory that in aquatic biotic
community living in sewage pollution free environment is characterized by the
presence of a wide variety of species but only a moderate number of each species. A
change in the biotic community structure resulting in less species but greater
abundance to select to learn once reflects the aberrant condition of environmental
stress.
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2) Shannon Weiner index value of station I is less than station II, which indicates that
station-I is more polluted than station-II.
3) Mollusk is the largest group of macro fauna in both the studied stations. Thiara
lineata, Thiara scabra is most dominant species and may be regarded as a higher
tolerant species.
5) The study of community structure also provide a clear concept on the polluted
condition of the Station I as it harbored the pollution indicator Tubificid- Limnodrilus
in huge number (100% of total Annelids) but had the lowest diversity of the species.
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Abstract
Floodplain wetlands (beel) in Assam constitute a major fishery resource of the region.
Spatio-temporal variability of six common limno-chemical parameters viz. water temperature,
pH, dissolved oxygen, free carbon dioxide, specific conductivity and total alkalinity were
determined monthly during 2001-02 at surface and bottom of deep scroll meander in comparison
with those at shallow areas of Samaguri beel, Nagaon, Assam, India. Shallow zone was infested
with submerged macrophytes throughout the year, whereas deep zone was devoid of them. All
the parameters varied widely across the zones especially bottom of scroll meander depression,
which behave differently as compared to all other sectors. Trophogenic activity in surface of
shallow zone and tropholytic activity in bottom of deep zone controlled the limno-chemical
parameters. Establishment of riverine connectivity in monsoon played a major role in controlling
those parameters especially in bottom of the deep zone by enhanced mineralization of bottom
organic matter as evidenced by sharp increase of sp. conductivity. Meander depression is
characterized with lower temperature, acidic pH, anoxic water, higher sp. conductivity, higher
free CO2 concentration and higher total alkalinity. Surface of the deep zone with low variability
of the parameters may provide better limno-chemical environment for fishes as compared to all
other sectors for survival and growth.

Introduction
The state of Assam, a northeastern state of India is dotted with numerous hilly
tributaries of the Brahmaputra River in the north and Barak River in the south.
Meandering behaviour of these hilly streams produced a large number of ox-bow lakes
out of cut-off meanders with a total area of approximately 1 lakh ha. Those lakes are
* Corresponding author. Tel: +91 361 2228486
E-mail address: rkmanna@yahoo.com

28

Asian Fisheries Science 22 (2009): 27-39

called as floodplain wetlands (locally known as beel) as they establish the connectivity
with the parent river during monsoon causing flushing of them by floodwaters. Increased
human intervention through embankment, sluice gate etc. at the connecting channel
caused adverse impact on overall ecology of many such wetlands with increased organic
matter accumulation, aquatic macrophyte infestation etc (Manna & Aftabuddin 2007a).
Understanding their high fisheries production potential, these wetlands attracted the
interest of researchers and the attention of policy makers in the recent past (Sugunan &
Bhattacharjya 2000). Limno-chemical study can reveal the ecological status of a wetland
describing its physical, chemical and biological components important from fisheries
point of view. Earlier studies were mainly from a selected area of such wetlands which
could not give the overall picture of the ecosystem (Yadava et al. 1987; Acharjee et al.
1999). The seasonally connected wetlands are unique in character in two ways. Firstly,
floodplain wetlands with seasonal connectivity remained lentic for 7-8 months and
lotic for rest of the year. Secondly, wetlands with meander depression has two different
ecosystems - submerged macrophyte infested shallow zone (1-3 m deep) and
weed-free deep scroll meander
depression zone (6-8 m deep).
Samaguri beel located in
Samaguri of Nagaon district of
Assam has both of those
characteristics. Limno-chemical
study was performed in this beel
by selecting two sampling centres
- one in shallow zone and other
in deep zone. Surface and bottom
layer are considered for sampling
as it is assumed that bottom of
these two sectors should behave
differently. The objective of this
Figure 1. Site map of Samaguri beel (Samaguri, Nagaon,
Assam,
India)
study was i) how shallow zone
behaved as compared to deep
zone, ii) what was the impact of river connectivity on common limno-chemical
parameters.

Materials and methods
Samaguri beel, a horse-shoe shaped floodplain wetland (26°25′35"N, 92°51′45"E)
in Samaguri, Nagaon, Assam was generated from river Kolong, a southern tributary of
river Brahmaputra (Fig. 1). The wetland was connected with the parent river by a channel
through a culvert under national highway 37. Connectivity was established with the
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main river during June-July in
monsoon facilitating intrusion of
turbid floodwater in the wetland.
Two sampling centres were
selected in the beel - sector I at
shallow area with average depth
of 2 m and sector II at meander
scroll with average depth of 7.5 m
(Fig. 2). Both surface and bottom
water were collected with the help
of water sampler and six common Figure 2. Average depth of shallow region (Sector I)
limno-chemical parameters viz. and meander scroll depression (Sect
water temperature, pH, dissolved
oxygen, free carbon dioxide, specific conductivity and total alkalinity were measured
during daytime with regular time interval of 6 hrs viz. 06:00 h, 12:00 h and 18:00 h.
The study was performed from April, 2001 to February, 2002. Data of water pH, free
CO2, sp. conductivity and total alkalinity were not recorded during April. The limnochemical parameters were measured following standard methods.

Results and Discussion
Shallow area near the connecting channel was designated as Sector I and deep
area at meander depression as
sector II. Sector I remained
infested with submerged and
floating aquatic macrophytes like
Najas, Ceratophylum, Vallisneria,
Hydrilla and water hyacinth
throughout the year. Sector II is
devoid of any submerged macro
phytes as the area is deep enough
not to allow their establishment.
Only constructed brush parks
made of water hyacinth used as
fish aggregating device were there
Figure 3. Seasonal variation of water depth
in sector II. Similar brush parks
and their impact on common lim
nochemical parameters were reported by Manna and Aftabuddin (2008). Turbid
floodwater intrusion was observed in June-July and in September in the wetland through
connecting channel from river Kolong. Water level increased by 1.0-1.5 m during monsoon
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raising water depth up to 2.5 m in sector I (Fig. 3). Submerged macrophytes tolerated this
increase in water depth and survived unlike in Morakolong beel where sudden increase
in water level with turbid monsoon inflow caused mass mortality of submerged
macrophytes (Manna & Aftabuddin 2007a). Decrease of water depth in August is due to
outflow of water from the wetland to the main river through the same channel.
Water temperature
Water temperature controls metabolic activity of aquatic organism and thereby
their growth, reproductive behaviour etc. Temperature is one of the major contributing
factors behind the distribution of aquatic macrophytes (Dale 1986). Seasonal variation
of biomass of submerged macrophytes was observed to be influenced by temperature
along with solar radiation (Rooney and Kalff 2000). Growth of fishes is strongly
influenced by water temperature. Carps grow better in the temperature range of
20-30°C, whereas moderate growth is observed at a temperature range of 13-20°C. For
reproduction, carps need a temperature greater than 18°C.
Data collected in Samaguri beel revealed that suitable water temperature (18.434.4°C) has helped in continuous flourishing of submerged macrophyte in sector I.
Highest temperature (34.4°C) was recorded in May in sector I surface and lowest (18.4°C)
in January in sector II bottom. During morning (6:00 h), all other zones have comparable
water temperature except Sector II bottom, temperature of which was lower in most of
the cases with higher difference of 9.5C than that of surface water in July (Fig. 4-6).
However, during August cold rain water and outflow of bottom water disturbed the
thermocline in sector II with reduced gap of water temperature between surface and
bottom. Though in the morning, surface and bottom water of sector I were of almost
same temperature, noon and evening sampling recorded thermocline in shallow sector I
also with lower bottom temperature. The highest temperature difference (4.3°C) between
surface and bottom in sector I was noted in the month of December during noon hours
despite only 1 m water depth. Hindered water circulation by near-surface dense canopy
of submerged macrophtes in December caused such high difference. Similar observation
with much hot surface water (by 5.9-6.3°C) at submerged macrophyte zone was reported
by us in Puthimari beel of Barpeta district of Assam where dense canopy of Ceratophylum
sp. was responsible for the hotter surface water (Manna and Aftabuddin 2007b). Surface
water of sector I observed higher increase of temperature from morning to noon than
any other sector due to shallow water depth as well as hindered water circulation by
thick submerged macrophytes. For example, during April in sector I surface water
temperature increased from 27°C in the morning to 32.2°C at noon, bottom water
temperature of the same place increased only from 27.1°C to 28.6°C at the same time.
Similar phenomenon was observed in May, October, December and February.
Thermocline in sector II was less prominent during winter months with less difference
of temperature between surface and bottom. As surface of submerged macrophyte zone
observed much higher water temperature, care must be taken to measure this important
water parameter.
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Figure 4. Seasonal variation of temperature (06:00 h) Figure 5. Seasonal variation of temperature (12:00 h)

Figure 6. Seasonal variation of temperature (18:00 h) Figure 7. Average diurnal variation of temperature

Water pH
Water pH is considered as one of the most fundamental limno-chemical parameters
controlling metabolic activity of aquatic organisms. Water pH was observed to control
the types of aquatic macrophytes (Vestergaard & Sand-Jensen 2000). Water pH in a
eutrophic system was observed to be strongly controlled by photosynthesis and
respiration. Photosynthetic autotrophs used free CO2 to increase the pH, whereas
respiratory release of CO2 decreases the pH of the system. The more the photosynthesis,
the higher will be the increase in pH. Organic acids (humic acid, fulvic acid etc) produced
by microbial decomposition may also contribute to low pH especially at the bottom.
Water pH varied in the range of 6.2-8.2 i.e. 100 times change of acid concentration
was observed during study period. As expected, highest pH (8.2) was recorded in surface
water of Sector I during October-November caused by photosynthesis of thick submerged
macrophytes. Bottom water of sector II was of acidic nature in most cases, which is due
to, accumulated CO2 released from decomposition of bottom organic matter. Both surface
and bottom water of sector I showed almost the same pH in the morning throughout the
year. However rapid increase of pH was observed in surface water of sector I as days
passed by. Bottom water of the same zone showed unimpressive change during same
period. This may be due to the balancing act of microbial respiration generated CO2 and
photosynthetically consumed CO2. Highest change of pH from 6.8 in morning to 8.2 in
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noon hours during October-November was observed in surface water of sector I, where
thick infestation of submerged macrophyte existed. Similar high pH up to 9.2 at early
afternoon from 6.1 in the morning in submerged macrophyte zone was observed in
Puthimari beel (Manna and Aftabuddin 2007b). It may be mentioned here that constant
pH in the environment is better than regular variation of pH for survival of aquatic
organism. Water pH in the range of 7.0-8.0 is known to be ideal for fish growth. Low pH
caused acid stress, respiratory problem and mucus secretion on gills of fishes. On the
other hand, higher pH damages gill, eye lens, cornea and disturbs acid-base balance of
blood of fishes. Water pH is often used to understand fisheries ecology of a water body.
In the wetland studied pH varied significantly across sector, within a day and throughout
the year, pH of such wetlands may be mentioned along with these environmental factors
for better understanding of ecosystem health.

Figure 8. Seasonal variation of water pH (06:00 h) Figure 9. Seasonal variation of water pH (12:00 h)

Figure 10. Seasonal variation of water pH (18:00 h) Figure 11. Average diurnal variation of pH (12:00 h)

Specific conductivity
Specific conductivity of water reflects the total ion concentration and thereby
nutrient status of a water body. Specific conductivity was mentioned as one of the major
environmental factors for controlling aquatic macrophyte distribution, richness and
composition in wetlands (Crowder et al. 1977; Rolon & Maltchik 2005).
During the study period, specific conductivity of water of Samaguri beel varied
from 68.5 µ S.cm-1 (Sector II surface, September) to 246.0 µ S.cm-1 (Sector II bottom,
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October). Other studies in wetlands of Assam indicated that arrival of monsoon was
accompanied by decrease of sp. conductivity mainly due to dilution. Interestingly, all
the sectors in our study followed those observations except bottom of sector II. With
monsoon rain and inflow, sp. conductivity of the bottom water of sector II increased
sharply and that trend continued up to October i.e. end of monsoon (Fig. 12-14). Cold
oxygenated rainwater and river inflow in monsoon probably accelerated microbial
decomposition of bottom organic matter resulting in release of CO2 increasing total
alkalinity and decreasing pH. H+ ion from increased carbonic acid and other released
nutrients may be responsible for the higher values of sp. conductivity in bottom water
of sector II during monsoon months. Sp. conductivity data showed high positive
correlation with total alkalinity (p < 0.001). High correlation of seasonal conductivity
and total alkalinity was observed by Mortimer (1971) in his studies in Esthwarte water,
England. Sp. conductivity of bottom water is more than surface water in most of the
months in both the sectors, which may be due to higher H+ released from dissociated
carbonic acid generated from accumulated CO2. Bottom of sector II behaved differently
than other three sectors in case of diurnal changes (Fig. 15). Sp. conductivity increased
from morning to noon and then decreased in all other sectors except bottom of sector II.
Probably, two opposing factors played the key role in sp. conductivity changes. H+ ion
from increased carbonic acid due to bacterial decomposition increased sp. conductivity,
whereas assimilation of CO2 by photosynthetic autotrophs utilizing dissolved CO2 and
HCO3- released OH-, which neutralize H+ causing decrease in sp. conductivity. Light
dependent intensive nitrogen fixation by cyanobacteria in anaerobic condition at bottom
also may have a role behind decrease of sp. conductivity.
Dissolved oxygen (DO)
Dissolved oxygen in water is the prime requisite for metabolism of all aerobic
aquatic organisms. Oxygen controls strongly the availability of many inorganic nutrients
and thereby regulates the growth of aquatic plant communities. Oxygen content in water
is increased by photosynthesis and decreased by respiration of all aquatic organisms
including microbes. Microbial decomposition is one of the major oxygen consumption
factors in the wetland studied.
DO showed wide variability ranging from 0-18.9 mg.l-1 during the entire study
period. Deposited organic matter at sediment-water interface i.e. tropholytic zone utilized
all oxygen of bottom water converting near sediment zone anoxic in many occasions.
Bottom of sector II is more affected due to more water depth showing anoxic character
in most of the months with little oxic during post-monsoon period. Bottom of sector I
was also anoxic in many cases especially during higher water depth in monsoon when
photosynthetically produced oxygen didnít counterbalance the bottom demand for
oxygen and during late winter when reduced water depth helped better decomposition
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at bottom with more oxygen consumption. Surface of sector II observed less variability
of DO, as low-density phytoplankton was the sole contributor. Very high variability of
DO with supersaturation was observed in surface of sector I, the trophogenically most
active zone infested with submerged macrophytes. A change of 4-6 mg.l-1 DO is not
very uncommon in eutrophic lakes (Lingeman et al. 1975). Interestingly, very high DO
of surface of sector I was unable to influence the bottom water despite the shallow
nature of that zone. Near-surface dense canopy of submerged macrophytes may have
hindered vertical water mixing as observed in case of temperature also. Lake with multiple
depressions was reported to show very different oxygen concentration in different areas
(Lind 1987; Wetzel 2001). As expected, bottom of both the sectors did not exhibit
appreciable change in diurnal variation, surface of sector I showed sharp increase from
morning to evening and surface of sector II observed major increase till noon and then
remain steady up to evening (Fig. 19). During winter months also, sufficiently high DO
during noon and evening especially in sector I surface was a clear indication of high
photosynthetic activity taking place in winter season also. As oxygen concentration is
often used to describe wetland health, care should be taken during sampling as different
regions of beels with different depths and plant communities may contain totally different
oxygen concentration.

Figure 12. Seasonal changes of sp. conductivity Figure 13. Seasonal changes of sp. conductivity
(06:00 h)
(12:00 h)

Figure 14. Seasonal changes of specific
conductivity (18:00 h)

Figure 15. Average diurnal changes of
specific conductivity
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Figure 16. Seasonal variation of dissolved O2
(06:00 h)

Figure 17. Seasonal variation of dissolved O2
(12:00 h)

Figure 18. Seasonal variation of dissolved O2
(18:00 h)

Figure 19. Average diurnal variation of dissolved
O2

Dissolved carbon dioxide
Dissolved inorganic carbon, carbon dioxide and bicarbonate are the sources of
carbon for photosynthesis of submerged aquatic plants and hence they can directly
control the growth of submerged macrophytes (Bowes & Salvucci 1989).
As surface water i.e. trophogenic zone was involved with higher rate of
photosynthesis, concentration of free CO2 is less in surface of both the zones as compared
to bottom, which being the tropholytic zone was the main source of free CO2 (Fig. 2123). Free CO2 ranged from nil to as high as 157.68 mg.l-1 in sector II bottom at 18:00 h
in October. Large biogenic accumulation of CO2 in hypolimnion was observed in deep
lakes with high organic load (Kling et al. 1992). Due to very high consumption rate of
free CO2 in surface of sector I, it is absent in most of the months especially during noon
and evening sampling. Though the use of HCO3- is less efficient than free CO2 use
causing lower photosynthetic rate, absence of free CO2 indicated possible HCO3- use
for photosynthesis by macrophytes in sector I. (Prins & Elzenga 1989). Here, HCO3- is
converted to CO2 and OH- between two cell layers of upper and lower epidermis of
leaves. CO2 is absorbed inside for photosynthesis releasing OH- to the water causing
increase in pH as observed. Free CO2 was always present in bottom of sector II due to
continuous microbial decomposition of sediment organic matter. Sharp increase in free
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CO2 in bottom of sector II during monsoon months may be due to increased aerobic
microbial decomposition by cold oxygenated floodwater inflow and rain in addition to
anaerobic decomposition. However, in bottom of sector II, CO2 concentration decreased
from morning to noon and then increased (Fig. 23). Utilization of CO2 in upper
photosynthetic zone and diffusion in atmosphere from upper surface due to increased
temperature causing an upward diffusion of bottom accumulated CO2 may be responsible
for this diurnal changes.

Figure 20. Seasonal changes of dissolved CO2
(06:00 h)

Figure 22. Seasonal changes of dissolved CO2
(18:00 h)

Figure 21. Seasonal changes of dissolved CO2
(12:00 h)

Figure 23. Average diurnal variation of
dissolved CO2

Total alkalinity (TA)
Alkalinity is measured as mg/l of CaCO3 which assumes that alkalinity is due
solely to carbonate and bicarbonate. With the increase in decomposition in the tropholytic
zone and with increase of amount of CO2, HCO3- concentration also increased near the
sediment. Bacterial production of ammonium carbonate in the sediment is partly
responsible for increase of HCO3- in bottom water.
Total alkalinity ranged from 28.56 mg.l-1 at surface of sector I (most active
trophogenic zone) in September to 137.09 mg.l-1 at bottom of sector II (most active
tropholytic zone) in October. Total alkalinity decreased sharply with arrival of monsoon
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in all the zones except bottom of sector II, which remained steady with much higher
total alkalinity values as compared to other zones (Fig. 24-26). Establishment of river
connection supplied oxygenated water to the bottom of sector II resulting in more efficient
aerobic microbial decomposition at bottom along with anaerobic decomposition. End
of river connectivity in post-monsoon brought back the high TA of sector II bottom to
normal position indicating strong impact of river connectivity on this zone. Sector II
bottom behaved differently with respect to other zones in diurnal behavior (Fig. 27).
Sector II bottom showed decreasing trend in total alkalinity from morning to noon and
then increased, whereas all other zones showed little increase from morning to noon
and then decreased.

Figure 24. Seasonal changes of total alkalinity Figure 25. Seasonal changes of total alkalinity
(06:00 h)
(12:00 h)

Figure 26. Seasonal changes of total alkalinity
(18:00 h)

Figure 27. Average diurnal variation of total
alkalinity

Conclusion
Present study in Samaguri beel clearly highlighted the fact that the shallow area
with submerged macrophyte infestation behave differently as compared to the deep
zone of scroll meander. Wide spatial and temporal variability of most common limnochemical parameters were observed in this eutrophic ecosystem. Therefore, care should
be taken in the measurement of common limnological parameters of fisheries interest in
these types of floodplain wetlands. River connection brought desired efficient microbial
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decomposition of bottom organic matter in sector II. Analysis of bottom soil of these
two sectors showed comparable organic carbon (unpublished results). So, establishment
of river connectivity is a necessary measure for wetland habitat restoration.
Sector II bottom, being anoxic and very high concentration of CO2 accumulation
was not a suitable habitat for fishes. Wide diurnal variation of limno-chemical parameters
in surface of sector I made this zone less suitable for fishes. Sector II surface with less
variability of those parameters may provide better environment to fish fauna. As
maximum area of the beel is shallow with thick submerged macrophyte infestation,
some portion of this zone may be cleared of submerged macrophyte intermittently to
provide better habitat for fishes (Hassan et al. 2006).
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Abstract
Chemolithoautotrophic nitrifying bacteria are an essential functional group for
detoxification of toxic ammonia into less toxic nitrate. In the first step of nitrification, an
autotrophic ammonium-oxidizing bacteria (AOB) oxidize ammonia to nitrite through the
intermediate hydroxylamine. In the present study, ammonia monooxygenase (amoA) gene is chosen
to detect nitrifiers in different environmental samples collected from various coastal aquaculture
systems in Tamilnadu and also commercially available bioaugmentors. The amoA was detected
in most of the environmental samples and bioaugmentors. The amoA gene isolated from coastal
soil has been sequenced. Sequence alignment revealed homology with that of amoA of uncultured
beta-proteobacteria, Nitrosomonas nitrosa and other Nitrosomonas sp. available in the GenBank.
The present study has a potential for making bioremediation strategies for ammonia removal
from brackishwater aquaculture systems.

Introduction
Coastal aquaculture is associated with generation of toxic ammonia as a results
of excess feed and faecal waste, which can adversely effect aquaculture productivity.
This metabolite increases blood pH, reduces the oxygen content in the blood, affects
gills, creates stress resulting in reduced feeding and strong potential for diseases. Soils
are estimated to harbor up to 1010 bacteria of about 104 different ribotypes per gram, of
which more than 95% cannot be cultured by present methods (Amann et al. 1995; Mayr
et al. 1999). Nitrification is an oxidative process for waste treatment in ammonia removal
(Conrad 1996; Zumft 1997; Herbert 1999; Tamegai et al. 2007), however, nitrifying
bacteria occur in low numbers and require much longer time to increase in numbers
than typical heterotrophic strains. This makes them difficult to detect in environmental
*Corresponding author:
E-mail address: krishnanik@ciba.res.in
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samples by traditional methods (Rotthauwe et al. 1997; Ford et al. 1980; Watson et al.
1989; Saraswat et al. 1994). Moreover, culture dependent methods underestimate total
bacterial count, often by as much as 2 orders of magnitude and are not accurate in
monitoring of natural bacterial populations (Torsvik et al. 1990). Culture - independent
methods are therefore used to monitor bacterial populations (Smith and Tiedje 1992).
The molecular techniques have been used to detect very low concentrations of nitrifying
bacteria in various aquatic environments (Rotthauwe et al. 1997; Scala & Kerkhoff
1998; 1999). In the first step of nitrification, the autotrophic ammonium-oxidising bacteria
(AOB) oxidizes ammonia to nitrite through the intermediate hydroxylamine (Hollocher
et al. 1981; Hooper et al. 1997; Wood 1986).
NH3 + O2 + 2e- + 2H+ | NH2OH + H2O |NO2 + 5H+ + 4eAmmonia monooxygenase, amoA, that catalyzes the oxidation of ammonia to
hydroxylamine has higher diversity compared to 16S rRNA genes, hence it is often used
to study genetic differences in natural populations of AOB (McTavish et al. 1993;
Rotthauwe et al. 1997; Purkhold et al. 2000). The present study has been carried with
the objective of examining AOB diversity in Indian coastal environment for predictability
of ammonia bioremediation.

Materials and Methods
DNA extraction from environmental soil samples and commercially available
bioaugmentors
Composite soil samples were also collected from coastal environment of Tamil
Nadu (Devanagari, Nathamedu, Kalpakkam, Kokilamedu, Pooncheri, Kattur) for
detection of ammonia oxidizing bacteria. Genomic DNA was extracted from 0.4 g of
composite soil samples and commercial bioaugmentors with a FastDNA spin kit for soil
(UltaClean Soil DNA Kit, MO Bio laboratories, Carlsbad, California) using bead beating
according to the manufacturerís instructions. DNA was also extracted from composite
soil samples and bioaugmentors using modified standard procedure. Genomic DNA
extracted was quantified using NanoDrop (Agilent) at 260 nm, and purity was determined
by measuring the 260 / 280 nm absorbance ratio.
PCR amplification and sequencing of amoA
The polymerase chain reaction was performed on the samples along with negative
control (DEPC treated water) with a 50 µl reaction mixture using Eppendorf thermal
cycler (Master cycler gradient). The amplification programs were as follows: one cycle
consisting of 94°C for 90 sec, followed by 36 cycles consisting of denaturation (94 °C
for 45 sec), annealing (58 °C for 45 sec) and elongation (72 °C for 45 sec) and a final

°

Asian Fisheries Science 22 (2009): 41-49

43

extension step consisting of 72°C for 8 min. Aliquots (10 µl) of the PCR products were
electrophoresed and visualized in 1% agarose gels by using standard electrophoresis
procedures. Bioanalyzer (Azilent) has also been employed to confirm the size of PCR
product.
A modified primer set of forward primer and reverse primer originally constructed
by Holmes et al. (1995) and Rotthauwe et al. (1997) respectively has been used to
amplify ~ 669 bp fragment of amoA. The original forward primer devised by Holmes et
al. (1995) has one degeneracy (N = C, G, A, T) at 3rd nucleotide. We used a forward
primer (A189-y) with two degeneracy, which contain a mixture of C, G, A and T at 3rd
position and Y (= T or C) as the 12th nucleotide. We also used forward primer with less
degeneracy. The original reverse primer devised by Rotthauwe et al. (1997) contained
21 bases with two degeneracy at 7th (K= T or G) and 9th (S = G or S) nucleotide. We
used reverse primer without any degeneracy at 9th nucleotide (G).
The amplified amoA (669 bp) was purified with a gel extraction kit (QIAquick)
by following the manufacture′s instructions. The purified PCR product was ligated by
using the pGEM-T Easy vector system (Promega) and were transformed into high
efficiency competent cells (E.coli DH5-·). Three unique clones were identified by EcoRI
restriction digestion. Plasmid DNA from unique transformants were isolated by using a
plasmid isolation kit for sequencing, which was done in an ABI 3100 Genetic Analyzer.
Primary sequences were analysed using the BLAST tool of www.ncbi.nlm.nih.gov.

Results and Discussion
Detection of amoA in coastal soil samples and bioaugmentors
In the marine environment, nitrification is important because it detoxify ammonia
into nitrate. In the first step of nitrification, amoA catalyzed the oxidation of ammonia
into hydroxyl amine, and very specific for nitrifying bacteria. Moreover amoA encoding
ammonia monooxygenase, with about large entries in GenBank has more sequence
information than that available for these genes (Rosch & Bothe 2005). The gene encoding
amoA is largely unique to nitrifying bacteria and has been used for detection of nitrifier
specific DNA in environmental samples (Scala & Kerkhof 1998; 1999; Hunter et al.
2006). In the present study, amoA has been chosen to characterize nitrifying diversity in
coastal aquaculture. 669 bp of the amoA gene was amplified (Fig. 1) via PCR, using
amoA gene-specific primers, originally designed by Holmes et al. (1995) and Rotthware
et al. (1997). The original forward primer devised by Holmes et al. (1995) contained
degeneracy at 3rd nucleotide (N= C, G, A and T), we also used forward primer with less
degeneracy. The original reverse primer devised by Rotthauwe et al. (1997) contained

44

Asian Fisheries Science 22 (2009): 41-49

1

2

3

4

Figure 1. PCR amplification of 669 bp fragment of the amoA gene (Lane 1 Marker 100 bp,
Lane 2,3,4; 669 bp amoA).

degeneracy at two positions, a K at the seventh nucleotide in the primer sequence (K =
T or G) and an S at the ninth nucleotide (S=G or C). In this study, we also used a reverse
primer with less degeneracy. Modified
primers amplified templates with the
same or better efficiency.
Rotthauwe et al. (1997) and
Holmes et al. (1995) reported that the
PCR amplification of amoA is a very
powerful tool for analyzing indigenous
ammonia-oxidizing communities
because this gene is specific for AOB′s
and represents a functional trait rather
than a phylogenetic trait. In the present
study, PCR product 669 bp products have
also been confirmed by bioanalyzer (Fig. Figure 2: Analysis of 669 bp amoA gene using
bioanalyzer.
2). A total of 50 coastal soil samples of
Tamilnadu and 6 commercially available
bioaugmentors were screened for amoA. The amoA was found in 36 coastal soil samples,
which revealed inhabitation of nitrifying organisms in shrimp aquaculture. The amoA
was found in most of the samples collected from Devanagari and Nathamedu areas
followed by Kattur area of Tamilnadu. This indicated that there is a prevalence of
indigenous nitrifying bacteria in those coastal aquaculture systems, where biostimulation
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approach can very well be applied. Out of six different commercially available
bioaugmentors tested, four were amoA positive, which revealed the presence of nitrifying
bacteria in these products.
Diversity of amoA in coastal environment
Knowledge of microbial ecology is required to predict nutrient fluxes and to
analyze the fate of metabolites (Rosch et al. 2002; Scala & Kerkhoff 1998; 1999).
Diversity of the ammonia monooxygenase (amoA) gene was examined in coastal soil
obtained from the coastal envir onment in Tamilnadu. The nucleotide sequences
determined in this study have been deposited in the GenBank database. The accession
numbers for the 669 bp gene sequences are EU284710 through EU284712. The phylogenetic tree of amoA genes was generated by using the maximum likelihood method,
based on the alignment of 669 bp of amoA gene fragments (Fig. 3).

Figure 3. Phylogenetic tree based on amoA genes (669 bp) as determined by maximum likelihood
method.

For the amoA gene clonal library (669 bp), nucleotides and predicted amino acids
sequences of the amoA genes identified in this study are compared with the sequences
available in the GenBank. Sequence alignment revealed homology with that of amoA of
Nitrosomonas sp. available in the GenBank (Table-1). The molecular methods described
in this study shed light on the ecology of the uncultured organisms in our coastal
environment. The level of similarity between different pairs of amoA genes ranged from
80 to 99% (Table 2). This revealed that sequence difference has resulted from actual
diversity in the sample and there was no PCR artifact. This has also been confirmed by
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Table 1. Similarity of 669 bp sequences to amoA nucleotides in GenBank database
% Similarity
CIBA669-1
CIBA669-2
CIBA669-3
(EU156172)
(EU156173) (EU156174)
Nitrosomonas sp. Y41
(DQ437762)
Nitrosomonas sp. (AL212)
(AF327918)
Nitrosomonas sp. JL21
(AF327919)
Nitrosomonas Nm148
(AY123815)
Nitrosomonas sp. Nm86
(AY123819)
Nitrosomonas GH22
(AF327917)
Nitrosomonas nitrosa
(AF272404)
Nitrosomonas europaea
(AF058692)
Nitrosomonas eutropha
(AY177932)
Nitrosomonas cryotolerans
(AF314753)

99

79

98

78

84

78

77

84

77

99

79

98

75

87

75

81

77

81

99

78

99

81

76

81

81

76

80

77

83%

77

Table 2. The level of similarity between different pairs of amoA genes at nucleotide and
amino acids levels
Sequence A

Sequence B

CIBA669-1

CIBA669-2

(EU156172)

(EU156173)

CIBA669-1

CIBA669-3

(EU156172)

(EU156174)

CIBA669-2

CIBA669-3

(EU156173)

(EU156174)

Score
Nucleotide level

Amino acid level

80

85

99

98

80

84
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ABV90497
ABV90499
AAL86636
AAO60371
AAC38653
AAL86637
AAL86638
AAG60667
ABV90498
ABV90497

DWDFWMDWKDRQWWPVVTPIVGITYCSTIMYYLWVNYRQPFGATLCVVCLLIGEWLTRYW
DWDFWMDWKDRQWWPVVTPIVGITYCSTIMYYLWVNYRQPFGATLCVVCLLIGEWLTRYW
DWDFWMDWKDRQWWPVVTPIVGITYCSAIMYYLWVNYRQPFGATLCVVCLLIGEWLTRYW
DWDFWMDWKDRQWWPVVTPIVGITYCSAIMYYLWVNYRQPFGATLCVVCLLIGEWLTRYW
DWDFWMDWKDRQWWPVVTPIVGITYCSAIMYYLWVNYRQPFGATLCVVCLLIGEWLTRYW
DWDFWLDWKDRQWWPVVTPIAGIMYCAALMYYLWVNYRLPFGATLCIVCLLVGEWLTRYW
DWDFWLDWKDRQWWPVVTPIVGIMYCAALMYYLWVNYRLPFGATLCIVCLLVGEWLTRYW
DWDFWLDWKDRQYWPVVTPIVGIMYCAAIMYYLWVNYRLPFGATLCIVCLLVGEWLTRYW
DWDFWMDWKDRQWWPVATPIVGVMYCAAIMYYLWVNYRLPYGATLCIVCLLIDEWLTRYW
GFYWWSHYPINFVTPSNMIPGALMLDITLYLTRNWLVTALIGGGFFGLLFYPGNWPIFGP
*****:******:***.***.*: **:::********* *:*****:****:.*******

ABV90499
AAL86636
AAO60371
AAC38653
AAL86637
AAL86638
AAG60667
ABV90498

GFYWWSHYPINFVTPSIMIPGALMLDITLYLTRNWLVTALIGGGFFGLLFYPGNWPIFGP
GFYWWSHYPLNFVTPGIMLPGALMLDFTMYLTRNWLVTALVGGGFFGLMFYPGNWPIFGP
GFYWWSHYPLNFVTPGIMLPGALMLDFTMYLTRNWLVTALVGGGFFGLMFYPGNWPIFGP
GFYWWSHYPINFVTPGIMLPGALMLDFTLYLTRNWLVTALVGGGFFGLLFYPGNWPIFGP
GFYWWSHYPINFVLPSTMIPGALMLDTIMLLTGDWLITALLGGAFWGLFFYPGNWPIFGP
GFYWWSHYPLNFVLPSTMIPGALMMDTIMLLTGNWLVTALLGGGFFGLFFYPGNWPIFGP
GFYWWSHYPMNFVLPSTMIPGALMLDTVMLLTRSWLVTALVGGGFFGLFFYPGNWPIFGP
GFYWWSHYPINFVLPSTMIPGALMLDTILLLTRNWLVTALIGGGFWGLFFYPGNWPIFGP
*********:*** *. *:*****:* : ** .**:***:**.*:**:***********

ABV90497
ABV90499
AAL86636
AAO60371
AAC38653
AAL86637
AAL86638
AAG60667
ABV90498

THLPVVAEGVLLSMADYMGHLYIRTGTPEYVRLIEQGSLRTFGGHTTVIAAFFAAFVSML
THLPVVAEGVLLSMADYMGLLYIRTGTPEYVRLIEQDSLRTFGGHTTVIAAFFAAFVSML
THLPIVVEGTLLSMADYMGHLYVRTGTPEYVRHIEQGSLRTFGGHTTVIAAFFAAFVSML
THLPIVVEGTLLSMADYMGHLYVRTGTPEYVRHIEQGSLRTFGGHTTVIAAFFAAFVSML
THLPIVVEGTLLSMADYMGHLYVRTGTPEYVRHIEQGSLRTFGGHTTVIAAFFSAFVSML
THLPLVVEGVLLSVADYTGFLYVRTGTPEYVRLIEQGSLRTFGGHTTVIAAFFSAFVSML
THLPVVVEGVLLSIADYTGFLYVRTGTPEYVRLIEQGSLRTFGGHTTVIAAFFSAFVSML
THLPVVVEGVLLSLADYTGFLYVRTGTPEYVRLIEQGSLRTFGGHTTVIAAFFAAFVSML
THLPVVVEGVLLSVADYTGFLYVRTGTPEYVRLIEQGSLRTFGGHTTVIAAFFSAFVSML
****:*.**.***:*** * **:********* ***.****************:******

ABV90497
ABV90499
AAL86636
AAO60371
AAC38653
AAL86637
AAL86638
AAG60667
ABV90498

MFVVWWFLGKVYCTAFFYVKGKRGRIVKRDDVTAFGEEGFPEG
MFVVWWFLGKVYCTAFFYVKGKRGRIVKRDDVTAFGEEGFPEG
MFAVWWYLGKVYCTAFFYVKGKRGRIVQRNDVTAFGEEGFPEG
MFAVWWYLGKVYCTAFFYVKGKRGRIVQRNDVTAFGEEGFP
MFTVWWYLGKVYCTAFFYVKGKRGRIVHRNDVTAFGEEGFPEG
MFCVWWYFGKLYCTAFFYVKGERGRISMKNDVTAFGEKGFAQG
MFCVWWYFGKLYCTAFYYVKGERGRISMKNDVTAFGEKGFAQG
MFCVWWYFGKLYCTAFTMLRCKR-QVSMKHDVTAFGEEGFAEG
MFCVWWYFGKLYCTAFYYVKGERGHISMKKDVTAFGEEGFPEG
** ***::**:***** :: :* :: :.*******:**. *

Figure 4. Partial alignment of the predicted amino acids encoded by amoA. (The residues
conserved in CIBA669-1, CIBA669-2 and CIBA669-3 sequences are highlighted with
asterisk*).

only 84-98% similarity at the amino acid levels. Partial alignment of the predicted amino
acids encoded by amoA is shown in Fig. 4. Residues conserved in CIBA669-1
(ABV90497), CIBA669-2 (ABV90498) and CIBA669-3 (ABV90499) sequences are
highlighted. A total of 162 of 223 amino acid residues were conserved in all the three
CIBA669 sequences.
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Conclusion
An understanding of diversity of nitrifying bacteria in the system is very important
for enhancing nitrification predictability and reliability. Previous studies have focused
mainly on the composition and activities of the soil microbiota in aquaculture, only a
few studies have employed molecular tools to understand the diversity of archaeal and
bacterial community structures along the coastal aquaculture. In this study, we provide
the detailed characterization of nitrifying microbial diversity in coastal environment
through analyses of 669 bp fragment sequences of amoA gene. The present study based
on DNA sequencing of clone library of amoA gene supply is a novel sequence information
and allow the phylogenetic identification of individual clones. Three unique marine
sediment amoA genes were identified and sequenced. The marine amoA genes were
most closely related to the amoA genes of uncultured beta-proteobacteria, Nitrosomonas
nitrosa and other Nitrosomonas sp. available in the GenBank. The present study has a
potential for making nitrification strategy in coastal aquaculture and also for a more
accurate understanding and modeling of the nitrogen fluxes.
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Abstract
Pearlspot, Etroplus suratensis, the largest indigenous cichlid, breeds in shallow, peripheral
waters and are most critically exposed to human interferences in Vembanad lake, the home
ground of this species. The species exhibit a complex courtship behaviour involving pairing
and nesting. Captive breeding of E. suratensis was undertaken, in specially designed artificial
raceway tank, with depth situations ranging from 30 to 80 cm. Paired fishes were stocked for
breeding in raceways provided with artificial spawning surfaces and breeding pits to facilitate
egg attachment and 'pit caring', characteristic of the species. A total of 50 trials were carried out
and in over 75 % of the cases, nest were confined to shallow depths between 12 and 45cm. The
mean number of eggs within a nest was observed to be 32 cm-2. Almost round the year breeding
was possible in this controlled system and the breeding success was as high as 71 %, much higher
than that in the traditional earthen pond system (60%). The fertilization rate in the confined
raceway system fluctuated between 82 to 100%. When eggs were incubated allowing parental
care, hatching rate varied from 63 to 99 %. Hatching of eggs occurred in 70-72 hrs at 25-27oC.
The hatched out larvae, were heavily yolked and were observed to become free swimming on
the 6th day. The fry yield under the devised system is perceptibly high (61%), as compared to that
in earthen ponds (28 %). The technique devised is a reliable system for large scale production
of seeds of this species under controlled conditions.

Introduction
Development of standardized technologies for mass production of seeds by captive
breeding is an accepted strategy to replenish and restore endemic species in natural
systems and also for their utilization in commercial aquaculture. Etroplus suratensis, is
the largest among the cichlids indigenous to peninsular India and Srilanka. They
constituted almost 10 % of the total fish landings in the backwaters of Kerala during the
sixties (George & Sebastain, 1970). However, this species is facing serious depletion in
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its home grounds, the Vembanad wetlands, owing to unbridled exploitation. With the
boom of backwater tourism, the demand for pearlspots, the high valued food fish in
Vembanad, has been on the increase. Since the most valuable species are generally
exploited to the maximum, the fishery of this species is further subject to increasing
pressures (Padmakumar et al. 2002). This is evident from the decline in average size of
this species in catches. The fish breeds naturally in confined conditions. E. suratensis is
compatible for polyculture with both freshwater and brackish water fish and prawn
species. However, lack of required quantities of seed has been a serious constraint in
intensive farming of the species. In nature, E. suratensis breeds in shallow, peripheral
waters in isolated territories. Such shallow waters are the most seriously exposed to
human interferences. Efforts for induced spawning of this species, has not been successful
owing to their unique parental care, monogamously mating habits, small clutch size and
their exclusive substrate breeding nature. These problems and the ever increasing demand
for seeds for aquaculture, calls for efforts to develop artificial breeding techniques. In
such a context, captive breeding of E.suratensis was undertaken, in specially designed
artificial raceway tank under simulated natural conditions.
Materials and Methods
Captive breeding trials were undertaken in specially designed artificial raceway
system by simulating natural breeding conditions that facilitated complex and unique
courtship behavior. The raceway system comprised a trapezoidal tank of 70 sq.m, with
slopping sides and bottom. The slope of the tank facilitated diverse depth situations
ranging from 30 to 80 cm with in the tank. The raceway was provided with continuous
water exchange that allowed a simulated breeding environment in terms of depth,
temperature, transparency and flow regime. Artificial nesting substrates, comprising
30-35cm long cylindrical wooden poles fixed on cement concrete base, cement sinkers
and fire clay pots were placed vertically, 50 cm away from the tank margin at varying
depths, as spawning surfaces. The distance between the spawning surfaces were
approximately maintained at 1-2 m, taking in to consideration the territorial requirements
of the species. Prefabricated cement slabs with artificial pits measuring 6 cm diameter
and 4 cm deep were also deposited close to the nest substrates to facilitate 'pit caring' of
the hatchlings, characteristic to the species. In order to prevent formation of algal
blooms and to avoid turbidity, the raceway tank was provided with adequate shading
from the top, using 50% agro-shade netting. Captive stocks were raised separately in
the holding ponds and the brood fishes were stocked in the breeding raceway system at
1:1 ratio. Altogether 70 pairs of brood fishes, of size 15- 23cm (90-250g) were released
in the raceway tanks for controlled breeding.
Captive breeding was facilitated by promoting parental care by the paired spawners
within the raceway system. On successful spawning, the nest containing the attached
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eggs were transferred to incubation tanks of 1.1 ton capacity, provided with continuous
aeration, for hatching. Egg incubation and hatching were facilitated in two ways, (1) in
the breeding tank by ensuring care of the breeding pairs (2) in Larval Rearing Tanks
(LRT) without parental care. Spawning behavior, fecundity, incubation period,
fertilization rate and hatching percentage were monitored. The early embryonic and
larval developments were also examined and documented using a computer aided Magnus
Imaging System.
Results
Shortly after release of the brood stocks in to the holding tanks, the fishes were
found to form 2-3 groups. Breeding pairs were formed invariably from members with in
the groups. After pairing, the pair gets separated from rest of the group and was found
to search for the nesting substratum at shallow water depths. Presence of adequate
number of spawning surfaces was observed to enhance pair formation. As pair bonding
and mate selection was guided by some specific attributes among members within a
group, pair formation was found enhanced by adding additional number of fishes in
readiness to breed. Pair bonding among the mates was almost stable.
Males appeared brilliantly colored, and pigmentation of the males began to
intensify as nest construction commences. In sexually motivated males, as a common
pattern during courting, black occipital stripes were found to appear between the eyes
prior to spawning. The swollen cup like ovipositor in females and intense pigmentation
among males during courting period appeared to be the sexual motivation signs of the
spawners. Such paired fishes could be easily seined out from the holding ponds, assessed
of their maturity and stocked in the raceway system for breeding.
The paired mates were observed to clear off algal growth from the nesting
substrate, by browsing with their truncated cone like snout. At this point of time, the
male and female took positions parallelly one behind the other, lay flat to the spawning
surface and began to attach their adhesive eggs on to the substrate using the modified

Figure 1. Egg placing on the substrate

Figure 2. Attached eggs of E.suratensis
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cup like ovipositor (Fig. 1). Eggs are never laid on top of other eggs but are placed in a
single layer so that one egg just touched the other (Fig. 2). After the female has completed
attaching one or two rows of eggs, the male fish was found to follow close behind and
spontaneously hovered over the egg mass and fertilized by sprinkling milt over the egg
patches. Duration of sperm motility was found to vary from 3 to 4 min. During spawning,
the partners assumed a ritualistic side-by-side position. Body contact between male and
female fish occurred only infrequently and incidentally as it did not appear to serve any
particular function. The water temperature during courting and breeding varied from
25-270C.
In all, 50 nesting were observed by the stocked fishes during the experimental
period of one year and over 75 % of the nests were confined to shallow clear areas at
depths between 12 and 45cm. The maximum depth selected for nest formation with in
the raceway was 53.5cm. The breeding performance of E. suratensis in the artificial
raceway system is summarized in Table 1.
Table 1. Egg attachment of Etroplus suratensis in raceway systems
Sl.No.

1
2
3
4
5
6
7
8
9
10
11
12

Nesting
substrate

Nest Area
cm2

Earthen pots
CC. substrate
CC. substrate
CC. substrate
Wooden poles
Wooden poles
PVC pipe
Fire brick
CC. substrate
CC. substrate
CC. substrate
CC. substrate

* incubation inside the laboratory

56
32
52.5
32
18
37.8
19
18.3
18
54.4
27
28

No. of
eggs

951
851
1371
420
792
1966
382
439
633
390
1350
477

No.cm-2 Fertilisation
%

17
27
26
13
44
52
20
24
35
7
50
17

75.7
90
90
100
82.32
98
100
100
95
98
98.7
95.8

Hatching
%

90*
#
#
63*
20*
29*
99
#
63
90
34*
65

# eggs are removed by the parents

In the tank breeding system, the percentage success of breeding was as high as
71%, much higher than the natural earthen pond system (60%). Evidently, the fish was
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found to exhibit a perceptible preference to cement concrete substrates as compared to
wooden materials. The mean number of eggs within a nest was observed to be 32 cm-2.
The patch size of eggs per nest was observed to vary from 18 to 56cm2 . The number of
eggs released per spawning fluctuated from 382 to 1966 (Average 835). The number of
eggs laid depend on the size of the fish and a female fish of average size (100g), was
obser ved to lay around 250 eggs, while a fish of size 200-300g produced more than
1000 eggs. The breeding frequency was however higher, under raceway situations. The
fertilization rate in the raceway system (75.7 to 100 %) did not exhibit any significant
variation as compared to natural situations.
When the 'nest' along with the eggs was transferred to indoor incubation tanks
and incubated without parental patronage, hatching of eggs occurred in 70-72 hrs under
a temperature regime of 25-27oC. The hatching was however, protracted and after the
first hatching, complete hatching of the entire brood was observed to take place in a
long interval of 24 to 26 hrs. The hatched out larvae, 'wrigglers', have a mean size of
4.5mm. They were heavily yolked, sink to the bottom and were found to instinctively
congregate, creeping on the tank floor. The fry became free swimming on the 6th day, at
an average size of 7-8 mm and move in shoals.
When the eggs were retained with in the spawning tank, undisturbed for hatching,
both parents were found to take turns in guarding and exhibited a characteristic mouthing
and fanning behavior. The fanning parents were observed to hold position close to the
clutch. They were found to make currents through large amplitude beats of their pectoral
fins which not only helped to increase oxygenation but also aided to prevent settling
of dirt on the eggs. The parent fishes also continually picked up the eggs in their mouth,
and in the process, the fish appeared to destroy the dead and infected eggs. The hatching
rate of eggs under controlled conditions with parental patronage varied between 63 99 %. Under artificial incubation in Larval Rearing Tanks (LRT) without parental care,
the eggs were observed to become increasingly infected with fungal elements and the
hatching rate was also relatively low (20 - 90%) in such situations. When parents were
also transferred to the larval rearing tanks along with the nest, the fish was found to
devour their eggs under such disturbed conditions. A similar behavior was also noticed
in the raceway breeding tanks, when water turned more turbid.
A comparison of the fry yield under artificial raceway breeding and natural
breeding in earthen pond (Table 2) revealed that fry yield under tank breeding is
perceptibly high (61 %), as compared to earthen pond system (28 %). Increased frequency
of spawning, almost year round (Fig.1) and high seed recovery were characteristic to
the tank breeding system. The capture of juveniles was also possible with less effort
in controlled tank breeding.
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Table. 2 Brood/ Nest characteristics of Etroplus suratensis
Raceway system
Range
Mean

Pond
Range

Mean

Nest Area (cm2)

18.0 - 56.0

32.75

20.0 - 49.5

34.41

No.of eggs

382 - 1966

835

250 - 1573

854

No./cm2

7 - 52

28

5 - 60

30

Fertilisation %

75.7 - 100

93.63

70.0 - 100

94.25

Hatching %

20.0 - 90.0

61.44

2 .0- 70.0

27.86

Figure 1. Breeding frequency of Etroplus
suratensis in natural and artificial systems

Discussion
Breeding activities of E. suratensis, are unique which involved a series of events
such as pairing, nest making and parental care. Hence the traditional methods of breeding
inducement by hormonal manipulation have not been effective. Placement of brood
stock in open ponds and pond spawning has been the only method of seed production
of E. suratensis. Investigations on captive breeding of E. suratensis under controlled
conditions by manipulation of the breeding environment revealed that in this species,
breeding is preceded by a very complex pair bonding.
Although, the breeding biology of the fish with regard to incidence of gravid
females and gonad maturation indicated that the major spawning season of E. suratensis
in Vembanad Lake is from February-April and June-October, the fish could be made to
breed almost round the year under captive conditions. Nevertheless, in controlled
breeding system, maximum spawning success is achieved during June-September. In
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the artificial raceway system, apparently, the fish was found to breed profusely in
conditions of low turbidity, facilitated through periodic water replacement. Visual contact
between the parents and the offspring appear to be a critical requirement for spawning
of E. suratensis (Breder & Rosen 1966; Keenleyside 1979; Blumer 1982; Gross &
Sargent 1985). Ward & Samarakoon (1981) observed that E. suratensis reproduce twice
during the year when water conditions were favorable for nest construction. E. suratensis
is a visual feeder and so they preferred clear water for breeding, probably because this
ensured better feed visibility for the young ones (De Silva et al.1984). In Kerala
backwaters, E. suratensis has been reported to exhibit intense spawning during
November-March with a peak during December-January (Jayaprakas 1980; Krishnan
& Diwan 1990). This should be linked to high transparency of water with the cessation
of monsoon and incursion of saline waters from the coastal seas. Jhingran (1991) also
observed that in shallow confined waters, the fish breed almost round the year, while
in backwaters, the fish breeds twice a year. Apparently, pearlspots prefer clear water
conditions for breeding and it ensures visual contact with the young.
In the raceway system devised, E. suratensis could be stimulated to spawn round
the year. Rapid removal of eggs and young ones from the breeding tanks and rearing
them in separate systems, possibly have reduced their parental care period. Lee (1979)
observed that parental care suppresses expression of full reproductive potential and
removal of fry from the parent fish shortens the time interval between spawning. The
present observations on round the year spawning under controlled raceway systems
support the hypothesis that removal of brood from the caring parent can help to reduce
the spawning interval (Peters 1983; Verdegem & McGinty 1987).
In the present study, in the raceway system E. suratensis was found to prefer
breeding in shallow depths. In natural conditions E. suratensis has been reported to
migrate to shallow open locations, devoid of vegetation, for breeding (Ward & Wyman
1975; Ward & Samarakoon 1981). The observations on the abundance of young ones
and the breeding adults in the shallow littoral regions (Winn 1956), in their the natural
breeding habitats indicate that conservation management of pearlspot calls for more
co-ordinated efforts in shallow waters.
E. suratensis has been reported to prefer a variety of nest substrates in natural
pond situations viz., stones, coconut shells, coconut petioles, tiles, bamboo and wooden
pieces. The higher rate of spawning in the artificial raceway system is apparently linked
to increased availability of artificial nesting substrates provided with in the tanks. In
fact, an upsurge in spawning frequency was observed when spawning surfaces were
supplied. However, the artificial, pre-fabricated breeding pits provided were seldom
utilized by the parent fish. The fish rather preferred to utilize the cleaned floor of the
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tank for hatchling care. Samarakoon (1985) also observed that E. suratensis spawned
rapidly in ponds supplied with spawning surfaces as compared to situations without
breeding substrates. The fish has been indicated to spawn on hard objects situated at a
depth not more than 100 cm (Sultana et al. 1995). Despite closer spacing of the substrates
in the raceway system, nesting occurred only at a wider space interval i.e., 2-4m. This
apparently ensured the required degree of isolation for the nesting fish . This evidently
highlights the territoriality of the species and it could be inferred that substrate spacing
in isolated territories of approximately 2m favor breeding of E. suratensis.
Spawning fecundity was quite high for fishes bred in tank breeding trials as
compared to natural system. This could be due to the better nutritional well being of
the brood fish raised under captive conditions. The number of eggs released per
spawning naturally increases with the physical well being of the fish. It appears that in
the tank breeding, the total protection of the nest from predators also ensured higher
survival. It has been reported that in earthen ponds, when stocked at 1:1 sex ratio,
breeding success is only one third for E. suratensis (Samarakoon, 1985). The high
percentage success of breeding in the raceway breeding system may also be linked to
the relatively high group size of brood stock and enhanced probability of bringing
together male and female fish with attributes necessary for successful pairing.
In tank incubation, with out parental patronage, egg masses were exposed to
increased fungal menace. Some times, heavy infestation with fungal mat resulted in
large scale mortality of eggs. However, egg masses cared by the parents were infected
with aquatic fungi, less frequently. Egg guarding fishes are known to clean the eggs
during guarding by two unique cleaning process viz., 'mouthing' and 'snapping'
(Takahashi et al. 2004; Keenleyside 1991). The more synchronized hatching of eggs
under guarded conditions apparently explains the advantages of parental patronage.
Similar to the present study, it has been reported that also in E. maculatus, another
common cichlid, embryos kept separated from parents hatch over a more extended
interval, than those attended by parents ( Zoran & Ward,1983) .
Poor fry yield under tank incubation, without the support of the parents indicated
that parents probably help in providing the required food and nutrients for the early
hatchlings. Bioturbulation activity through fin digging and micro nipping, are reportedly
two types of parental behavior characteristic of cichlids that ensure nutrition to early
hatchlings.(Quertermus & Ward 1969; Williams 1972; Noakes 1979). During fin digging,
the adults with their vigorous and rapid beats of the pectoral fins, apparently stirs up
loose materials for feeding the fry. In 'micro nipping' the fry ingest mucous from the
body of the parent. Both types of behaviour are reported to be regular and common in
E. suratensis and E. maculatus (Ward & Wymann 1977). High epidermal mucous
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production during the fry-brooding period is reported in such fishes (Hildemann 1959).
Since the major component of parental mucous is protein, apparently this assists in
nutritional management of broods and larviculture (Khen & Chien 2006). This would
imply that for better fry survival and maximum success in tank breeding, without parental
patronage, there is a dire need to develop alternate sources of nutrition.
One of the problems encountered in the traditional pond breeding of pearlspot
has been the lower yield of seeds in such systems. Another most serious practical
difficulty encountered has been in capturing of the juveniles in earthen ponds. Such
exhaustive collections also bring about unwanted disturbances to the other pair bonded
brooders. This difficulty was overcome in the controlled raceway system, where the
fish could be made to breed round the year with a higher seed recovery, an advancement
towards the development of a standardized mechanism for mass production of seeds of
this species.
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Abstract
Effects of dietary incorporation of astaxanthin on growth and selected immune parameters
of freshwater prawn Macrobrachium rosenbergii were examined. Sub-adult M. rosenbergii were
fed diets fortified with astaxanthin at 0 (control), 25, 50, 100 and 200 mg kg-1 for a period of 28
days. Results revealed a significant increase (P<0.05) in specific growth rate of prawns fed 50,
100 and 200 mg kg-1 astaxanthin enriched diet compared to the control diet. Among the immune
parameters evaluated, phenoloxidase activity and total protein showed a significant increase
(P<0.05) in prawns fed diets enriched with 50, 100 and 200 mg kg-1 astaxanthin. The total
haemocyte count was also significantly higher in prawns fed diets enriched with 50 and 100 and
200 mg kg-1 astaxanthin. Total carotenoid content in muscle, exoskeleton and hepatopancreatic
tissues showed a dose dependent increase. The present results showed that dietary incorporation
of astaxanthin at 50, 100 and 200 mg kg-1 level had significant positive effects on growth and
immune response of M. rosenbergii.

Introduction
The giant freshwater prawn (Macrobrachium rosenbergii, Palaemonidae) has
become the most important cultured freshwater prawn species in many tropical and sub
tropical countries due to its superior cultivable attributes such as fast growth rate, large
size, hardiness, euryhaline nature and compatibility with carps. It also has consumer
preference, and domestic as well as export market demand (New and Valenti, 2000).
The global aquaculture production of this species has shown a quantum jump from
19,035 metric tonnes in 1995 to 194,159 metric tonnes in 2004 (FAO, 2006).
In many aquaculture operations, feed contributes to more than 60% of production
costs. Hence, it is essential to look for feed ingredients that improve growth rate and
*Corresponding Address: Tel: +91-674-2465421
Email address : bindupillaicifa@gmail.com
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survival of the cultured species to reduce the production cost. Carotenoid pigments are
used as key nutritional additives in several fish and crustacean diets due to their beneficial
properties. Carotenoids are a family of over 600 natural lipid soluble pigments that are
produced by algae (including phytoplankton), higher plants and photosynthetic bacteria
(Meyers and Latscha, 1997).
Astaxanthin (3,3-dihydroxy-4,4-diketo-β,β-carotene) is a red carotenoid pigment
occurring naturally in a wide variety of living organisms and is the major carotenoid of
crustaceans, comprising about 90% of the total pigment in Marsupenaeus japonicus
(Ishikawa et al., 1966). Since crustaceans, like other aquatic animals, are unable to
produce astaxanthin de novo, it must be available either in their native habitat or
manufactured diet to meet nutritional requirements. Improved pigmentation and survival
due to dietary astaxanthin supplementation has been reported in kuruma prawn, M.
japonicus and tiger prawn, Penaeus monodon (Chien and Jeng, 1992; Thongrod et al.,
1995; Chien et al., 1999). Dietary astaxanthin has also been reported to enhance
antioxidant defense capability in P. monodon juveniles and consequently provide
protection to some extent against Vibrio damsela challenge in the early stage (Pan et al.,
2001).
The majority of studies on the effects of dietary incorporation of astaxanthin
were concentrated on salmon and penaeid shrimps. The present work was undertaken to
study the effect of dietary astaxanthin on growth and immune parameters of the freshwater
prawn, M. rosenbergii.

Materials And Methods
Live prawns for the experiment were collected from the freshwater prawn farm
of the Central Institute of Freshwater Aquaculture, Bhubaneswar, Orissa. India. The
prawns were acclimated for one-week prior to the experiment. Test diets were prepared
by adding different levels of astaxanthin i.e. 25 mg kg-1 (A25), 50 mg kg-1 (A50), 100 mg
kg-1 (A100), and 200 mg kg-1 (A200) to the control diet (A0). The composition of the control
or basal diet is provided in Table 1. Astaxanthin (C40H52O4; MW = 596,86) was procured
from ACROS Organics, Belgium and stored at 4°C until use. The feed ingredients were
thoroughly mixed, manually pelletized, air dried in a dark room and stored at -20° C.
Experiments were conducted in ferro-cement tanks (3 m x 1.2 m x 1 m). Three replicate
tanks were set up for each treatment. After one-week of acclimation, prawns were
individually measured for length and wet weight and those in intermoult stage were
selected for experimentation. Ten prawns were released into each tank.
Water temperature was measured twice daily at 0600 and 1400 h. Dissolved
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The prawns were provided with the test diets at 5% of the body weight twice daily in
two divided doses at 0800 and 1700 h throughout the experimental period. The duration
of theexperiment was 28 days.
Table 1. Composition of control (basal) feed.
Ingredients

Composition (%)

Ground nut oil cake

60

Fish meal

10

Prawn meal

10

Wheat flour

8

Rice bran

8

Vitamin and Mineral Mix*

2

Vegetable Oil (ml/kg)

2

* Each 250 g Vitamin and Miner al Mix provides vitamin A (5,000,000 IU), vitamin
D3 (100,000 IU), vitamin B2 (0.2 g), vitamin E (75 units), vitamin K (0.1 g), calcium
pantothenate (0.25g), nicoten amide (1.0 g), vitamin B12,(0.6 mg), choline chloride 15
g, calcium (75 g), manganese (2.75 g), iodine (0.1 g), iron (0.75 g), zinc (1.5 g), copper
(0.2g) and cobalt (0.045 g).
oxygen, pH and ammonia levels of water were measured once every week following
standard procedures (APHA, 1998). Prawns were monitored daily for moulting and
mortality. At the end of the feeding trial, length and weight of each prawn in each of the
experimental group were recorded and weight gain and specific growth rate of the
experimental and control groups were calculated. Specific growth rate was obtained
using the formula:
Specific growth rate (SGR) = (lnWf - lnWi) x 100 / t
Where, lnWf = the natural logarithm of the final weight,
lnWi = the natural logarithm of the initial weight, and
t = time (number of days) between lnWf and lnWi.
Total carotenoid content in different tissues including exoskeleton, hepatopancreas
and abdominal muscle of the experimental prawns was measured spectrophotometrically
following Arredondo-Figueroa et al. (2003). The carotenoid was extracted using acetone
and the total carotenoid concentration (TCC) was calculated from the peak absorbance
in acetone at 460 nm.
At the end of the experiment haemolymph was collected from pericardial sinus
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of three prawns from each tank using a 26-gauge needle and 1 ml syringe containing
anticoagulant solution (1:9) (tri-sodium citrate: 0.114 M, sodium chloride: 0.1M, pH
7.45) to measure the phenoloxidase activity (PO) activity following Hernandez-Lopez
et al. (1996). Haemocyte lysate supernatant (HLS) was prepared from the collected
haemolymph by homogenizing the PBS-washed haemocyte suspension in a sonicator
equipped with a micro tip and centrifuging (12,000 x g) the same. The PO activity was
measured spectrophotometrically by recording the formation of dopachrome from
L-dihydroxyphenylalanine (L-DOPA, Hi Media, Mumbai) as substrate in U-bottomed
microwell plates. HLS (50 µl) was pre-incubated for 15 min at 37°C, after which 100
µl of L-DOPA (1.6 mg/ml) in tris buffer saline (TBS: 50 mM Tris, 100 mM NaCl, pH
7.3) was added and allowed to react for 1 min. Each reaction mixture was further diluted
with 100 µl TBS and absorbance was measured at 490 nm. The control solution, which
consisted of 50 µl of PBS (to replace HLS), 100 µl L-DOPA, and 100 µl TBS, was used
for the background phenoloxidase activity in all test conditions. The PO activity in
terms of optical density was expressed as dopachrome formation/50 µl HLS. For total
haemocyte count, 100 µl haemolymph was drawn from another three prawns from each
tank using 1 ml sterile syringe (26-gauge needle) containing 900 µl anticoagulant (sodium
chloride 0.45 M, glucose 0.1 M, sodium citrate 30 mM, citric acid 26 mM, EDTA
20 mM, pH 4.5) with fixative solution (sodium cacodylate 0.10 M and 1.5% glutaraldehyde,
pH 7.8) in 1:1 ratio. A drop of haemolymph was placed on a haemocytometer to measure
total haemocyte count (THC) using a phase contrast microscope.
To measure total protein in the sera, haemolymph was collected from rest of the
animals as described above without anticoagulant and allowed to clot at room temperature
for 30 min and left at 4°C for 1hr. The tubes were then centrifuged at 5000 x g at 4°C
for 30 min to collect the supernatant serum. Total protein in the sera was estimated
following Bradford (1976) using bovine serum albumin as the standard protein.
Data were analyzed using one-way analysis of variance. Means were compared
using Duncanís multiple range test (Duncan, 1955). Significance was tested at P<0.05
levels.

Results and Discussion
The mean water quality parameters during the study period: water temperature
26±2°C, pH 7.8±0.06, dissolved oxygen 6.8±0.2 mg l-1, ammonia nitrogen 0.03±0.006
mg l-1 were well within the optimum range reported for the species. No significant
differences (P >0.05) were observed in the water quality parameters between different
treatments.
The prawns were in moult stage C (intermoult) at the beginning of the experiment.
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Overall the numbers of moults were higher in prawns fed 50, 100 and 200 mg kg-1
astaxanthin enriched diets. The mean weight gain was minimum in control prawns and
maximum in prawns fed 200 mg kg-1 astaxanthin enriched diet (Table 2).
The specific growth rate was significantly higher (P<0.05) in prawns fed with
Table 2. Growth and survival of sub-adult Macrobrachium rosenbergii fed diets containing
different levels of astaxanthin for 28 days. Each value represents mean ± SD.

Parameters

Treatment
A 0 (Control)

A25

A50

A100

A200

Initial weight (g) 16.1 ± 2.8

17.8 ± 2.9

18.5 ± 3.0

15.3 ± 2.8

18.5 ± 3.1

Final weight (g)

17.1 ± 2.9

18.9 ± 3.0

20.6 ± 3.2

17.4 ± 2.9

20.8 ± 3.1

Weight gain (g)

1.00 ± 0.10a

1.10 ± 0.19a

2.10 ± 0.22b 2.10 ± 0.19b 2.30 ± 0.21b

SGR (%)

0.22±0.03a

0.21±0.02a

0.38±0.02b

0.46±0.03b

0.42±0.01b

Survival (%)

100

100

100

100

100

* Mean values bearing different superscript in a row differ significantly (P < 0.05)

50, 100 and 200 mg kg-1 astaxanthin enriched diet. Growth rate of prawns fed with 25
mg kg-1 astaxanthin enriched diet was not significantly different (P>0.05) from control
prawns (Table 2). Previous studies on astaxanthin supplementation in penaeid shrimps
also reported similar results. M. japonicus fed with 50 and 100 mg kg-1 of astaxanthin
supplemented diet showed increase in growth (Chien and Jeng, 1992). When fed diets
supplemented with astaxanthin at levels of 0, 5, 15, 60, and 300 mg kg-1 for 30 days,
growth of post-larvae of P. monodon increased significantly as dietary astaxanthin levels
increased (Thongrod et al., 1995). Dietary astaxanthin improved the growth rate and
shortened the moulting cycle of M. japonicus post larvae during a 20 day rearing (Petit
et al.1997). Arredondo-Figueroa et al. (2003) while studying the effect of dietary
astaxanthin on growth of the shrimp Litopenaeus vannamei, suggested that astaxanthin
influences the physiological functions and enhances the nutrient assimilation in shrimps
thereby enhancing the growth rate.
No mortality was recorded in any of the treatment groups including control; hence
it is difficult to conclude on the effect of astaxanthin on survival of M. rosenbergii.
However, several studies with penaeids have reported increased survival in astaxanthin
fed groups (Yamada et al. 1990; Chien and Jeng, 1992; Negre-Sadargues et al. 1993;
Pan et al. 2001).
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Total carotenoid content in exoskeleton, hepatopancreas and muscle tissue of
prawns fed with 50, 100 and 200 mg kg-1 of astaxanthin-enriched diet was significantly
higher than that of control prawns (Figure 1). Among the tissues studied, total carotenoid
content is highest in the hepatopancreas, followed by exoskeleton and muscle tissue.
Tissue carotenoid concentration was found to increase with an increase in the
concentration of astaxanthin in the diet. Previous studies on astaxanthin supplementation
and tissue carotenoid concentration in decapod crustaceans also reported similar results
(Yamada et al. 1990; Chien and Jeng, 1992; Menasveta et al. 1993; Harpaz et al. 1998).

Figure 1. Total carotenoid concentration in exoskeleton, hepatopancreas and abdominal muscle
tissue of Macrobrachium rosenbergii fed diets containing different levels of astaxanthin for 2
8 days. Each bar represents mean ± SD.

Phenoloxidase (PO) activity was significantly higher (P<0.05) in prawns fed
astaxanthin enriched diets compared to control prawns (Table 3).
A dose dependent increase in PO activity could be observed up to 100 mg kg-1 of
astaxanthin incorporation. PO activity has been employed as one of the important immune
parameters to study the status of immune system, immunomodulation and disease
resistance in crustaceans (Smith et al., 2003). An enhancement in PO activity is thought
to enhance the immune ability of animals (Cheng et al., 2004, Baruah and Pani Prasad,
2001). Enhanced PO activity observed in astaxanthin fed groups in the present study
may thus indicate enhanced immune capability of these prawns. Astaxanthin has been
reported to improve both specific and non-specific immune response mechanisms in
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Table 3. Phenoloxidase activity, total haemocyte count (THC) and serum total protein content
of Macrobrachium rosenbergii fed diets containing different levels of astaxanthin for 28 days.
Each value represents mean ± SD.

Groups

Phenoloxidase

THC

Total protein

activity

(107 cells ml-1)

(g dl-1)

A0 Control

0.339 ± 0.03a

0.97 ± 0.09d

16.04 ± 0.72f

A25

0.503 ± 0.06b

0.85 ± 0.07d

16.34 ± 1.2f

A50

0.605 ± 0.06b

1.46 ± 0.12e

18.10 ± 1.67g

A100

0.804 ± 0.08c

1.30 ± 0.45e

21.52 ± 0.35h

A200

0.620 ± 0.08b

1.12 ± 0.96e

20.15 ± 0.82h

*Mean values bearing different superscript in a column differ significantly (P < 0.05).
decapod crustaceans. In tiger prawn P. monodon, 100 to 200 ppm dietary astaxanthin
has been shown to improve resistance to bacterial and viral infection (Menasveta, 1995).
Dietary astaxanthin has also been reported to enhance the antioxidant defense capability
in P. monodon juvenile and provide protection against Vibrio damsela challenge (Pan
et al., 2003)
A significant increase (P<0.05) in total serum protein content could be observed
in groups fed with 50, 100 and 200 mg kg-1 astaxanthin compared to control (Table 3).
However, total serum protein content of prawns fed 25 mg kg-1 astaxanthin did not vary
significantly (P >0.05) from the control group. The increase in protein content may be
due to the increase in defense molecules in prawns fed with higher doses of astaxanthin,
and may indicate a better immune status in those animals. Several immune molecules
have been identified and purified in crustaceans such as the lipopolysacchride-binding
protein, b- glucan binding protein and peptidoglycan binding protein (Vargas-Albores
et al., 1993; Hall et al., 1995). Exposure to any of the immunostimulatory substances is
expected to raise one or more of these defense proteins in particular and the total protein
levels in the haemolymph in general.
The total haemocyte count obtained in the control group prawns was 0.97 x 107
cells ml-1 of haemolymph. THC showed a significant increase in prawns fed with 50,
100 and 200 mg kg-1 of astaxanthin for 28 days (Table 3). Blood cells or haemocytes in
arthropods play an important role in defense mechanisms against parasites and
pathogenic or non-pathogenic microorganisms that enter the blood stream through
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wounds in the cuticle (Johansson and Soderhall, 1989). In crustaceans an increase in
THC has been related to disease resistance (Rodriguez and Moullac, 2000). Previous
studies in decapod crustaceans have found that dietary astaxanthin improves nonspecific immune response mechanisms (Pan et al., 2003). The higher THC is reported
to provide an enhanced immune capability during periods of higher activity or enhanced
environmental bacterial loads (Moullac and Haffner, 2000; Chand et al., 2006). The
increase in the number of circulating haemocytes recorded in the present study might
be due to the higher haemocyte mobilization indicating a better immune status in that
group.
The present study revealed that dietary incorporation of astaxanthin at 50, 100
and 200 mg kg-1 level significantly enhanced the growth and immune response of subadults of M. rosenbergii. The incorporation of astaxanthin at 50 mg kg-1 was sufficient
to enhance the growth of prawns as there was no significant difference in growth
among prawns fed with 50, 100 and 200 mg kg-1 astaxanthin enriched diet. Dietary
astaxanthin was deposited in exoskeleton, hepatopancreas and abdominal muscle tissue
of prawns.
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Abstract
Somatic growth and gonad production and quality of the sea urchin T. gratilla fed with
prepared diets with Sargassum sp. as feed base at different feeding rations was studied in vitro
using glass aquaria from April to August 2006. The trial consisted of five treatments with three
equal replications arranged in Completely Randomized Design as follows: I-Fresh Sargassum
sp. (control), II-Dried pellets at 2% body weight (BW) day-1, III-Dried pellets at 3% BW day1
, IV-Dried pellets at 4% BW day-1, and V-Dried pellets at 5% BW day-1. Results show that
Treatments I, IV and V significantly (p<0.05) gave better results than Treatments II and III.
The highest monthly mean growth increment was observed in Treatment V which was
significantly higher (p = 0.05) than all the treatments except for Treatment IV. These results
show that dried pellets feeding ration was optimized at 4 to 5 % BW day-1 for somatic growth
and gonad production and quality. Significantly higher gonadosomatic index (p=0.05) was
also observed in Treatments I, IV and V than Treatments III and II, respectively. Treatments II
and III did not differ significantly.

Introduction
The increasing demand for sea urchin roe in both the local and world markets
necessitates the development of extensive fishery enhancement techniques such as landbased and field aquaculture, selective breeding, gonad enhancement through prepared
diet feeding and others.
Pearce et al. (2002a) noted that a number of studies have examined the effect of
manipulating source and/or concentration of various dietary components of prepared
feeds on gonad quantity and/or quality but surprisingly little is known about how prepared
feed ration may affect gonad development. For example, McBride et al. (1999) reported
significantly greater gonad indices in adult Strongylocentrotus franciscanus given a
prepared feed ration of 1.02% BW day-1 than those fed only 0.34% BW day-1. Little is
known about the effect of prepared feed ration on gonad yield or quality of sea urchins
with no information being available for T. gratilla.
Corresponding author.
E-mail address: dong_asia@yahoo.com
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This study was undertaken to determine the optimum feeding ration using prepared
diets for the somatic growth and gonad production and quality of the animal in landbased facilities. Specifically, it aims to: (1) determine the somatic growth (wet weight
and test diameter) performance of the animal fed with prepared diets at different feeding
rations; (2) determine the gonad production (gonadosomatic index) and gonad quality
(color) of the animal fed with prepared diets at different feeding rations; and (3) monitor
the ecological parameters affecting the somatic growth performance and gonad maturity
and quality of the sea urchin. Likewise, determining the minimum feed ration required
for effectively enhancing somatic growth and gonad yield and quality will minimize
feed wastage which is critical in achieving profitability especially when the culture
technology of the animal will have been developed at a commercial scale.

Materials and Methods
Location of the Study
The experiment was set-up and conducted within the premises of the MMSU
College of Aquatic Sciences and Applied Technology campus, Pias Sur, Currimao 2903,
Ilocos Norte, Philippines.
Experimental System
Three glass aquaria measuring 30 cm x 20 cm x 20 cm were used in the experiment.
Each of the glass aquaria was sub-divided into 6 equal compartments with Amazon
plastic net in order to contain the 5 feeding ration treatments. Seawater was pumped
from the coast in front of the college building using a diesel water pump into four
concrete tanks measuring 4.0 m x 2.5 m x 2.0 m (L x W x D). Unfiltered seawater from
the concrete tanks was pumped using a 0.5 HP electric water pump into two circular
fiberglass tanks measuring 1.0 m diameter x 1 m depth provided with gravel and sand
serving as filtration tanks that supply the nine experimental basins on a flow-through
system. The seawater was aerated with NSB electric air pumps.
Experimental Design
The experiment consisted of five feeding treatments, namely: Treatment I control consisting of fresh unformulated Sargassum sp diet; Treatment II – dried
Sargassum sp pellets at 2% wet BW day-1; Treatment III - dried Sargassum sp pellets
at 3% wet BW day-1; Treatment IV - dried Sargassum sp pellets at 4% wet BW day-1;
and Treatment V - dried Sargassum sp pellets at 5% wet BW day-1 with three equal
replications (Table 1). Asia and Tabije (2003) found out that Sargassum is a better
natural feed affecting the growth and gonad development of T. gratilla as compared
with the seagrass Enhalus acoroides. Treatment I was contained in one aquarium
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while Treatments II to V were arranged in a completely randomized design (CRD) in
the other two aquaria (Fig. 1).
Table 1. Feeding ration treatments and stocking density used in the study.
Treatments

Stocking density

I - Control ( Fresh Sargassum)

Replicates

3 individuals/compartment

3

-1

3 individuals/compartment

3

III - Dried Sargassum sp pellets at 3% BW day-1

3 individuals/compartment

3

-1

3 individuals/compartment

3

V - Dried Sargassum sp pellets at 5% BW day-1

3 individuals/compartment

3

II - Dried Sargassum sp pellets at 2% BW day

IV - Dried Sargassum sp pellets at 4% BW day

Figure 1. (a) The Experimental set-up, (b) post-juvenile T. gratilla, (c) prepared diet,
(d) feeding organism

Experimental Animals
Forty-five post-juvenile T. gratilla with equatorial test diameter ranging from
34.00 to 40.00 mm and weighing from 24.40 to 39.10 g (wet weight) were used in the
experiment (Fig. 1). These were taken from the wild stock in Dadalaquiten, Sinait,
Ilocos Sur, a nearby municipality of about 15 kilometers from the experimental site.
Feed Preparation
The dried pellets were composed of finely ground dried Sargassum sp. (sundried for 1-2 days before grinding) with 6% binder consisting of corn starch and gelatin.
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The steps in feed preparation following that of Alava (1996) were observed. The
finely ground seaweed was sieved into uniform particle size. The binder was
suspended into half of the required water (the required water for a kilo of prepared
feed is 1,200 ml) while the remaining half was boiled and then the suspended binder
was poured slowly to the boiled water stirring constantly with low flame until jellylike consistency was obtained. The gelatinized binder was added to the ground
Sargassum and mixed. The feed mixture was pelletized at a size of 5mm diameter
using a manually-operated pelletizer, steamed with sea water for 5 minutes to enhance
the binding of ingredients with an improvised steamer set-up, fan-cooled and sun
dried for one day. The pelletized feeds were placed and sealed in plastic containers
and refrigerated (Fig. 1).
Experimental Procedure and Sampling
Three sea urchins were placed in each compartment. They were fed with the
fresh Sargassum diet daily on an ad libitum basis and with the prepared diets daily at the
specified ration per treatment. The daily dried pellet rations were divided into equal
proportions and given to the animals in the morning and in the afternoon. Pearce et al.
(2002b) concluded in their research that gonad yield of the green sea urchin
Strongylocentrotus droebachiensis is maximized at 0.5 to 1.0% BW day-1 feeding of
prepared diets. Since T. gratilla is a tropical species, which presumably has a higher
metabolic rate than S. droebachiensis which is a temperate species, feeding rations of
2.0 to 5.0 % BW day-1 were evaluated. Daily cleaning and maintenance of the culture
system were also done.
Prior to stocking in the aquaria, the initial test diameter and weight of each
experimental animal were measured and recorded. To monitor the somatic growth of sea
urchin, the experimental animals were measured in terms of their test diameter (mm) both
equatorial and polar using a Vernier caliper and wet weight with triple beam balance of
1.0 g sensitivity. Measurements were taken once a week for a period of four months.
The test animals were shucked upon the termination of the study to determine
gonad growth in terms of the gonadosomatic index (GSI) and quality (color). The GSI
of the animals was determined using the following formula (Lozano 1995):
GSI =

Wet weight of gonad
———————————
Wet weight of sea urchin

x 100

Gonad quality in terms of colour was determined using the Munsell Color Guide.
The guide has three simple variables that combine to describe colors as hue, value and
chroma. This study used the hue Yellow-Red (10YR) which is preceded by numbers
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from 0 to 10 where the hue becomes more yellow and less red as the numbers increase.
The value notation used was 8 (near white) and the chroma notation used ranged from
1 to 8 where the colour becomes more yellow with increasing number. The values based
on the chroma notation were the ones recorded in this study for gonad color comparison.
The combination of a bright yellow colour and fine granularity of gonad is most preferred
by the market (Blount and Worthington 2002).
Monitoring of Water Parameters
The water parameters that may affect the somatic growth and gonadal growth
and quality of the experimental animals were measured. Dissolved oxygen and
temperature were measured by a YSI Dissolve Oxygen Meter (Model 55); salinity by
an Atago refractometer; and pH by a pH paper.
Analysis of Data
Means and ranges were used to describe growth parameters of the test animals
and the water parameters. Analysis of covariance (ANCOVA procedure of the SAS
System) was used to determine differences of somatic growth parameters among
treatments with wet weight and test diameter as covariates. Analysis of variance (ANOVA
procedure of the SAS System) was also used to determine the differences of the GSI
and gonad color among treatments. A post test using the Duncan’s Multiple Range Test
(DMRT) was used to further test significant findings.
Further, a correlation analysis using the Proc Corr procedure of the SAS System
was used to determine the strength of relationship of the somatic growth parameters,
gonad growth and quality parameters, and water parameters.

Results and Discussion
Somatic Growth
Growth increments in wet weight of the experimental animals in the four months
culture period (MCP) at different feeding ration treatments are shown in Table 2. Figure
2 also shows samples of matured animals per treatment. The values are adjusted means
with initial weight as covariate. After one MCP, Treatments I, III, IV and V with 10.36
g, 9.66 g, 13.29 g and 13.05 g, respectively significantly (p = 0.05) had higher weight
increments than Treatment II with weight increment of 6.19 g. Treatment IV which
generally had the highest weight increment in all treatments was also significantly (p =
0.05) higher than Treatment III. After two MCP, although all the treatments did not
significantly differ, Treatment V generally had the highest observed weight growth
increment followed by Treatments IV, I and III in decreasing order. Treatment II had the
least growth increment.
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Table 2. Mean growth increment in wet weight* (g) of the sea urchin T. gratilla at
different feeding ration treatments for four months culture period.
Months After Stocking

I – Fresh Diet
(Control)
II – Dried Pellets at
2% BW day-1
III – Dried Pellets
at 3% BW day-1
IV – Dried Pellets
at 4% BW day-1
V – Dried Pellets
at 5% BW day-1

Initial

1

2

3

4

32.71

10.36ab

12.03a

9.99ab

11.66a

44.04

11.01bc

31.99

6.19c

9.91a

8.33b

8.89a

33.32

8.33c

30.80

9.66abc

10.54a

13.16ab

6.91a

40.27

10.07bc

31.74

13.29ab

12.16a

15.93ab

8.73a

50.11

12.53ab

30.14

13.05ab

14.27a

19.22a

13.30a

59.84

14.96a

Means with different superscripts are significantly different at 5% level.
*Adjusted mean with initial weight as covariate.

Figure 2. Samples of matured T. gratilla from the different treatments
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After three MCP, only Treatments V and II were observed to have significant
differences with Treatment V having a higher growth increment. Treatment V also
generally had the highest growth increments in all treatments. No significant differences
were observed among all the treatments after the last MCP, however Treatment V
generally had the highest growth increment.
Overall, the highest mean growth increment was observed in Treatment V with
14.96 g which was significantly higher (p = 0.05) than all the treatments except for
Treatment IV. Treatment II significantly had the lowest mean growth increment. This
result shows that feeding ration per day with the dried pellets for the test animals was
optimized at 4 to 5 % BW day-1.
The results of the study likewise show that the test animals fed with prepared
diets at 4 to 5 % BW day-1 had considerably higher growth in wet weight than those fed
with fresh Sargassum. Similarly in their experiments, Pearce et al. (2004a) and Daggett
et al. (2005) observed that the green sea urchin Strongylocentrotus droebachiensis fed
prepared diets were significantly larger and heavier than those fed with fresh kelp.
Growth increments in equatorial test diameter of the sea urchins during the four
MCP are shown in Table 3. The values are adjusted means with initial equatorial test
diameter as covariate. It was observed during the first MCP that Treatment II significantly
(P = 0.05) had the lowest growth increment in equatorial test diameter of 4.70 mm. The
other treatments had no significant differences in equatorial test diameter growth
Table 3. Mean growth increment in equatorial test diameter* (mm) of the sea urchin T.
gratilla at different feeding ration treatments for four months culture period.
Months After Stocking

I – Fresh Diet
(Control)
II – Dried Pellets at
2% BW day-1
III – Dried Pellets at
3% BW day_1
IV – Dried Pellets at
4% BW day-1
V – Dried Pellets at
5% BW day-1

Initial

1

2

3

4

38.34

7.80a

6.78a

1.84a

2.72a

19.14

4.79a

37.11

4.70b

4.30a

1.85a

3.37a

14.22

3.56a

37.67

7.79a

3.42a

3.12a

3.16a

17.49

4.37a

37.78

9.04a

5.25a

3.20a

4.74a

22.23

5.56a

37.00

7.53a

4.23a

4.56a

4.54a

20.86

5.22a

Means with different superscripts are significantly different at 5% level.
*Adjusted mean with initial equatorial test diameter as covariate.
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increment. The overall means also show no significant differences among treatments,
although comparatively, Treatments IV and V had generally higher growth increments.
Highest wet equatorial test diameter growth increment in all treatments was
observed during the first MCP and had a decreasing trend towards the end of the study.
Table 4 shows the data on growth increments in polar test diameter of the test
animals during the four MCP. The values are adjusted means with initial polar test
diameter as covariate. Results show that there were no significant differences among
the treatments from the first to the third MCP. However, during the last MCP, Treatment
II significantly (p = 0.05) had the lowest growth increment in polar test diameter. The
overall means also show no significant differences among treatments, although
comparatively, Treatments V generally had the highest growth increments followed by
Treatments III and IV. It was also observed that the highest growth increment in polar
test diameter was during the first month culture period which follows the trend on the
growth in equatorial test diameter.
Table 4. Mean growth increment in polar test diameter* (mm) of the sea urchin
T. gratilla at different feeding ration treatments for four months culture period.
Months After Stocking
Initial

1

2

3

4

I – Fresh Diet
(Control)

22.00

5.68a

1.34a

1.66a

2.25a

10.93

2.73a

II – Dried Pellets at
2% BW day-1

21.44

5.24a

2.20a

1.33a

0.64b

9.41

2.35a

III – Dried Pellets at
3% BW day-1

22.22

5.06a

2.44a

1.35a

2.48a

11.33

2.83a

IV – Dried Pellets at
4% BW day-1

22.67

6.09a

1.44a

0.36a

3.44a

11.33

2.83a

V – Dried Pellets at
5% BW day-1

22.33

5.86a

2.27a

1.14a

3.20a

12.47

3.12a

Means with different superscripts are significantly different at 5% level.
*Adjusted mean with initial polar test diameter as covariate.

Gonad Growth and Quality
Gonad growth and development measured in terms of gonadosomatic index and
gonad quality determined in terms of color were assessed upon the termination of the
study (Table 5). Figure 3. also shows samples of gonads taken per treatment. Results
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Table 5. Mean gonadosomatic index (GSI) and gonad color of the sea urchin T. gratilla
at different feeding treatments after four months culture period.
Gonad Growth and Quality Parameters
GSI (%)

Color

I – Fresh Diet (Control)

4.80a

7.67a

II – Dried Pellets at 2% BW/day

2.24b

4.00b

III – Dried Pellets at 3% BW/day

3.29ab

4.50b

IV – Dried Pellets at 4% BW/day

4.59a

7.50a

V – Dried Pellets at 5% BW/day

4.49a

7.00a

Means with different superscripts are significantly different at 5% level by DMRT.

Figure 3. Samples of gonads of T. gratilla taken from the different treatments
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revealed that the test animals did not have fully developed gonads. The probable reason
is that the animals were observed to have frequently spawned prior from the second
MCP until the end of the study. Garvida and Asia (2004) also noted that T. gratilla
reached maturity and spawned at about 45 days culture fed with different species of
Sargassum reared in cages placed in land-based concrete tanks.
The data showed that Treatments I, IV and V had a significantly (p = 0.05) higher
GSI of 4.80%, 4.59% and 4.49%, respectively than Treatments III and II with 3.29%
and 2.24%, respectively. Treatments II and III did not differ significantly. Asia et al.
(2006) noted a mean gonad index ranging from 3.44% to 5.77% for animals which are
also grown in vitro conditions and fed with prepared diets. Bangi (2001), in her study on
the cage culture of the same species under sea-based conditions, observed a mean gonad
index ranging from 2.70 % to 5.16 % for the low Sargassum diet and from 5.38 % to
8.14 % at the end of the six month culture period. Garvida and Asia (2004) also observed
an average GSI of the animal reared for 75 days in land-based cages placed in concrete
tanks ranging from 5.60 to 7.47 %.
The above results also indicate that the test animals fed the 4 to 5 % BW day-1
prepared diets had comparable average GSI with those fed fresh Sargassum sp. In the
experiments of Pearce et al. (2002a; 2002b; 2002c; 2003) on S. droebachiensis, the
animals fed with prepared diets had significantly higher percent gonad yields than those
fed with fresh kelp. Olave et al. (2001) also observed that Loxechinus albus fed artificial
diet had higher gonad production than those given macroalgae.
Gonad quality was measured by determining the gonad color of the test animals.
For gonad color, higher values indicate brighter yellow colors which are considered of
better quality for the gonads. In the Munsell Colour Chart, the value of 8 has the brightest
yellow and becomes pale yellow or yellow brown as the value decreases to 1. Results
show that Treatments I, IV and V with values of 7.67, 7.50 and 7.00, respectively,
significantly had brighter yellow color (p = 0.05) than Treatments II and III. Treatments
II and III with values of 4.00 and 4.50, respectively, did not differ significantly. In the
studies of Pearce et al. (2002b; 2002c; 2003) on S. droebachiensis, animals fed prepared
diets and fresh kelp had comparable gonad colors while their experiment in 2004b,
gonad color was significantly better in urchins fed prepared diets than those given with
kelp.
Water Parameters
The water parameters believed to have influences on the growth of the test animals
such as dissolved oxygen, water temperature, salinity and pH were monitored during
the course of the study (Table 6). The dissolved oxygen ranged from 2.42 to 5.98 mg L-1
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throughout the culture period with an average of 4.16 mg L-1 while the temperature
ranged from 27.40 to 29.30 oC with an average of 28.89 oC. Salinity and pH did not
appreciably change throughout the duration of the study at 35.00 ppt and 7.5, respectively.
The observed measurements of said parameters are within the favorable range for the
growth and survival of the test animals.
Table 6. Water parameters monitored in the culture of the sea urchin T. gratilla for four
months culture period.
Months After Stocking
Initial
(April)

1
(May)

2
(June)

3
(July)

4
(August)

Dissolved Oxygen (mg L-1)
Range
4.57 – 5.98 3.34 – 4.69 3.41 – 4.75 2.63 – 4.71 2.42 – 4.30
Mean
5.15
3.98
4.14
3.95
3.58
Water Temperature (0C)
Range
Mean

27.40-27.80 28.80-29.30 28.70-29.20 28.80-29.40 28.80-29.30
27.67
29.73
28.97
29.07
29.03

Salinity (ppt)
Range
Mean

35.0

35.0

35.0

35.0

35.0

pH
Range
Mean

7.5

7.5

7.5

7.5

7.5

Correlation Analyses
In order to determine the degree of relationships that exist among the somatic
and gonad growth and quality and the various water parameters, a correlation analysis
was done as shown in Table 7. Results showed a significantly (p = 0.01) high positive
correlation between wet weight and equatorial and polar test diameters. Similarly, Asia
et al. (2006) noted the same observations. Hagen (1998) also observed that gonad size
increases with increasing test diameter in his study on S. droebachiensis from different
habitats.
Equatorial test diameter had a significant (p = 0.01) positive correlation with
polar test diameter. Dissolved oxygen had a significant (p = 0.04) negative correlation
with temperature.
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Table 7. Correlation analysis of the different somatic and gonad growth and quality
with the various water parameters.
Pearson Correlation Coefficients, N = 9
Prob > |r| under H0: Rho=0

Wwt

Etd

Wwt

Etd

Ptd

GSI

Color

DO

Temp

1.00000

0.91824

0.70544

0.41096

0.56580

-0.14498

0.17882

<.0001

0.0104

0.1845

0.0552

0.6530

0.5782

1.00000

0.69320

0.48050

0.49651

-0.25570

0.04505

0.0124

0.1138

0.1006

0.4225

0.8894

1.00000

0.46579

0.38662

-0.17140

-0.01628

0.1270

0.2144

0.5943

0.9600

1.00000

0.87692

0.30202

0.25024

0.0002

0.3400

0.4328

1.00000

0.34009

0.49575

0.2794

0.1012

1.00000

-0.03587

0.91824
<.0001

Ptd

GSI

Color

DO

Temp

0.70544

0.69320

0.0104

0.0124

0.41096

0.48050

0.46579

0.1845

0.1138

0.1270

0.56580

0.49651

0.38662

0.87692

0.0552

0.1006

0.2144

0.0002

-0.14498

-0.25570

-0.17140 0.30202

0.34009

0.6530

0.4225

0.5943

0.2794

0.17882

0.04505

-0.01628 0.25024

0.49575

-0.03587

0.5782

0.8894

0.9600

0.1012

0.9119

0.3400

0.4328

0.9119
1.00000

Legend: Wwt = Wet weight, g; GSI = Gonadosomatic Index, %; Etd = Equatorial test
diameter, mm; Color = Gonad color; Ptd = Polar test diameter, mm; DO = Dissolved oxygen,
mg/L; Temp = Water temperature, oC

Conclusion
Results of the study suggest that the best ration for prepared feed with Sargassum
sp. as feed base would be at 4.00-5.00 % BW day-1 to optimize somatic growth and
gonad production and quality. At this feed ration, both the somatic growth and gonad
production and quality performances of the animal are comparable with the fresh
Sargassum sp. Further, the study had shown the viability of growing T. gratilla in a
land-based facility using both the fresh natural food and prepared diets. Such information
is very important in future research studies regarding the use of prepared diets for T.
gratilla and in the development of the grow-out culture of the animal both in land-based
and on-site conditions.
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Recommendations
The following recommendations are suggested: (1) The same study should be
performed for different feed formulations other than Sargassum sp. as feed base in
order to determine optimum feed requirement and proper nutrition of the animal; (2)
The use of gonad color enhancers such as carotenoids or locally available pigment
sources such as tomato, squash and the like in the diet of the animal necessitates further
studies on optimizing feed requirements for better results. Further refinements in the
feed formulation are necessary to optimize both gonad color, granularity, firmness and
taste; and (3) Further research will be required at a commercial scale to determine if the
recommended level as a result of this study is still optimal when urchin numbers and
densities are increased.
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Abstract
Six experiments of six weeks duration were conducted in controlled conditions in the
Indian white shrimp Fenneropenaeus indicus early juveniles (~0.040 mg initial weight). A common
ingredient mixture (CIM) consisting of albumin (chicken egg), fish meal, shrimp meal, clam meal
and deoiled ground nut oil cake was formulated and incorporated in all feeds at varying levels to
obtain the requisite protein: energy combinations. Eight feeds tested in each experiment were
formulated by incorporating CIM, cellulose (filler), tapioca flour (starch, binder), oil, mineral
mixture, vitamin mixture and other additives viz., cholesterol and lecithin. The six protein levels
fixed were 250 g kg-1 to 500 g kg-1 with 50 g kg-1 increments for each experiment. The gross
energy (GE) levels in the eight dietary treatments for each level of protein varied from 290 kcal
100g-1 to 430 kcal 100g-1 and the digestible energy levels varied from198 – 300 kcal 100g-1.
Growth, relative growth rate (RGR), absolute growth rate (AGR), food conversion efficiency
(FCE), food conversion ratio (FCR), survival and initial and final body composition were monitored
and analysed. One-way analysis of variance (ANOVA) followed by comparison of means was
done to examine statistically significant differences between treatments and second degree
polynomial regression of the from y = a + bx + cx2 was fitted with the data for RGR on P/E ratio
(mg protein kcal-1), RGR on GE and RGR on DE to derive the optimum RGR, GE, DE and P/E.
The results showed that growth of shrimp was highest with 450 g kg-1 protein and 363 kcal 100g1
GE, 276 kcal 100g-1 DE with a P/E of 124. Theoretical optima derived confirmed this observation
with optimal values of 360 kcal 100g-1 GE, 275 kcal 100g-1 DE and a P/E ratio of 125. However,
similar response in growth with feeds containing 350 - 450 g kg-1 protein indicating GE requirement
of 362 – 371 kcal 100g-1 and DE requirement of 262 – 276 kcal100g-1 suggested a protein sufficiency
of 350 g kg-1 with a P/E ratio of 98- 103 without major variations in the whole body composition.

* Corresponding author: Tel:+91-484-23950
E-mail address : vgcochin@hotmail.com
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Introduction
Energy requirement in shrimp cannot be examined in isolation. Energy requirement
in the Indian white shrimp is the problem addressed here in the backdrop of the following
reports available. Energy requirements have been reported for a number of shrimp and
the ranges are, 350 – 450 kcal 100g-1 GE and 250 – 350 kcal 100g-1 DE (Colvin 1976, in
F. indicus; Sedgwick, 1979, in Penaeus merguiensis; Aquacop, 1977, Bautista, 1986,
Shiau and Peng, 1992, Hajra, et al., 1988, Shiau and Chou, 1991 and Chuntapa, et al.,
1999, in Penaeus monodon). Commercially produced feeds contain the levels of total
energy more than the aforementioned reports i.e., 366 – 414 kcal 100g-1 (Devreese, 1995)
and 382 – 597 kcal 100g-1 (Epa et al., 2007). This is probably the result of the absence
of information regarding the energy available to the animals from natural food organisms
under practical farming conditions (Tacon, 2002). Since the reported ranges are found to
be wide, an attempt is made to discern the apparent total energy levels required in the
feeds of early juveniles of the Indian white shrimp.

Materials and methods
Shrimp post larvae from a single brood were procured separately for each
experiment from M/s SS Hatchery, Kodungallur, Cochin. The post larvae were reared in
the wet laboratory to mean average weight 0.040 – 0.050g using a commercial post
larval feed. The animals were hand sorted and weighed individually and stocked in the
culture units (circular Perspex tanks of 50 cm diameter x 25 cm h; 45-liter water volume)
at the rate of 15 animals. The calculated densities of shrimp in each of these experimental
units equal 75 m-2, in triplicate. Seawater diluted to 25‰ was used in all the experiments.
Ninety percent of water exchange was done in all the experimental units daily and 100%
water exchange and mild scrubbing of the tubs with minimum disturbance to the animals
weekly. Sampling of seawater for analysis for pH, dissoloved oxygen (D.O.) and salinity
was done fortnightly and temperature was recorded daily.

Diets and feeding protocol
Six experiments performed were by using a uniform diet design. For experiments
1-6 the protein content in the diets were 250, 300, 350, 400, 450 and 500 g kg-1 respectively.
GE levels varied from 280 kcal 100g-1 to 450 kcal 100g-1. All the feeds contained a
common ingredient mixture (CIM). By varying mainly the content of CIM and starch
(tapioca flour) content the variations protein and GE and thereby DE was brought about.
Wherever, desirable variation in energy was not obtained lipid levels were adjusted to
obtain them. In diets where tapioca flour was less than 100g kg -1 or avoided,
carboxymethylcellulose (CMC) was used as a binder. Cellulose was used as the filler.
CIM was blended separately. Tapioca flour and CMC were gelatinised in water and CIM
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and cellulose were mixed and blended to form the dough for hand pelleting using a
kitchen noodle maker with a 2 mm die. The pellets were air dried first and oven-dried at
55oC, crumbled, crushed using a food mixer and sieved through 0.5 mm and stored in
airtight containers in a refrigerator and used. Experiment-wise, the composition feed
ingredients used; CIM, and the ingredient composition of the experimental diets are
shown in Tables 1, 2, 3, 6, 9, 12, 15 and 18 respectively.
Table 1. Proximate composition of the natural and purified feed ingredients used for
experimental diet compounding (Exp.1) % on DM basis
DM
Fish meal

98.28

CP
70.58

EE

CF

NFE

Ash

AIA

3.09

0.93

0.36

23.32

11.52

Shrimp meal

92.51

67.45

3.29

0.00

5.27

16.50

4.39

Fish meal

98.28

70.58

3.09

0.93

0.36

23.32

11.52

Shrimp meal

92.51

67.45

3.29

0.00

5.27

16.50

4.39

Clam meal

94.37

59.79

13.01

0.00

15.10

6.47

1.94

GNOC

94.55

43.75

8.13

5.49

30.10

7.08

2.36

Tapioca flour

87.18

2.82

0.29

1.79

80.26

2.02

0.10

Cellulose

93.80

0.65

0.28

92.56

0.00

0.31

0.00

Albumin

92.91

80.50

0.00

0.00

5.97

6.44

0.00

DM – Dry matter, CP – Crude protein, EE -– Ether extract, CF – Crude fibre, NFE –
Nitrogen free extract, AIA – Acid insoluble ash
Feeding was carried out at the rate of 15% of the body weight in two doses. Preweighed Petri dishes containing 40% of the feed ration was provided at 10:00 h and 60%
was provided at 16:00 h. Feed residue and faecal matter was removed daily prior to
water-exchange. Feeding rates were adjusted based on daily observations to compensate
mortality if any, and reduce feed residues to minimum. Daily record of mortality was
also maintained. On termination of the experiment shrimps were weighed and dried and
pooled treatment wise for chemical analyses.
Growth was measured as biomass gain shrimp-1 (g), absolute growth rate (AGR),
relative growth rate (RGR) and specific growth rate (SGR). Protein efficiency ratio (PER),
food conversion ratio (FCR), food conversion efficiency (FCE) and survival % were
also calculated.

Chemical analyses of diets, water and shrimp
Feed ingredients, CIM and all experimental feeds were analysed for their proximate
chemical compositions according to A.O.A.C. (1990). GE and DE were calculated using
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the conversion factor according to ADCP (1983). Seawater was analysed according to
the standard methods of Strickland and Parsons (1972). Shrimp dried and pooled treatment
wise were analysed for moisture, CP and EE and ash.
Experiment 1: Protein levels in the diet were 250 g kg-1 and GE levels varied from
290.06 kcal 100g-1 to 426.16 kcal 100g-1. DE levels ranged from 197.84 to 286.30 kcal
100g-1 and P/E ratios ranged from 59.63 to 85.94 (Table 4). The eight feeds in this
experiment contained 350g kg-1 CIM, 0 – 300g kg-1 cellulose (filler) and 300–540g kg-1
of tapioca flour (Table 3).
Table 3. Ingredient composition of the experimental feeds (g kg-1) (Exp. 1)
Ingredients

Feed 1

Feed 2 Feed 3 Feed 4 Feed5 Feed 6 Feed 7 Feed 8

CIM

350

350

350

350

350

350

350

350

Cellulose

300

250

190

130

70

10

0

0

Tapioca flour

300

350

410

470

530

590

570

540

0

0

0

0

0

0

30

60

Lecithin

5

5

5

5

5

5

5

5

Cholesterol

5

5

5

5

5

5

5

5

Mineral mixture2 20

20

20

20

20

20

20

20

Vitamin mixture3 20

20

20

20

20

20

20

20

Oil

1

1

Codliver oil and groundnut oil mixed in the ratio 1:1

2

U.S.P. XIV (1950) Salt mixture M/s Sisco Research Laboratories, Mumbai. As required
in the various biological test diets listed U.S.P. XIV p.789. % Composition: Calcium
carbonate 6.86000, Calcium citrate 30.83000, Calcium phosphate monobasic 11.28000,
Magnesium sulphate.7H2O 3.83000, Manganese carbonate 3.52000, Potassium chloride
12.47000, Dipotassium phosphate 21.88000, Sodium chloride 7.71000, Copper
sulphate.5H2O 0.00777, Ferric citrate (16-17% Fe) 1.52815, Manganese sulphate.H2O
0.02008,Potassium aluminium sulphate 0.00923, Potassium Iodide 0.00405, Sodium
flouride 0.05070.
3

According to recommended levels of vitamins for shrimp by Conklin (1997)

Vitamin premix to supply mg or IU kg-1 diet. Thiamin 60 mg, Riboflavin 25 mg,
Niacin 40 mg, Pyridoxine 50 mg, Pantothenic acid 75 mg, Biotin 1 mg, Folic acid 10 mg,
Cyanocobalamin 0.2 mg, choline 600 mg, Myo-inositol 400 mg, Ascorbic acid
polyphosphate 200 mg, Retinol 5000 IU, Vitamin E 100 mg, Vitamin D3 0.1 mg and
Vitamin K 5 mg.
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Table 4. Nutrient composition of the experimental diets (% on dry matter basis) and their
energy contents and ratios of non-protein energy yielding nutrients (Exp. 1)
Nutrientsand
energy

Diet Nos.
1

2

3

4

5

6

7

8

DM

90.06

89.73

89.34

88.94

88.54

88.14

88.46

88.85

CP

24.93

25.04

25.17

25.30

25.43

25.56

25.49

25.41

EE

4.85

4.85

4.85

4.85

4.86

4.86

7.85

10.84

NFE

26.54

30.55

35.36

40.18

44.99

49.81

48.21

45.80

Ash

5.33

5.42

5.52

5.62

5.72

5.83

5.78

5.72

0.42

0.42

0.43

0.43

0.44

0.44

0.44

0.44

AIA
-1

290.06 307.12

327.58 348.05

368.51 388.98

409.27

426.16

-1

DE kcal 100g

197.84 206.33

216.52 226.71

236.90 247.09

267.54

286.30

P/E ratio (mg
protein kcal-1)

85.94

81.52

76.83

72.68

69.00

65.70

62.29

59.63

L: C (% weight)

5:27

5:31

5:35

5:40

5:45

5:50

8:48

11:46

EE+NFE

31.39

35.40

40.22

45.03

49.85

54.67

56.05

56.64

GE kcal 100g

GE and DE calculated according to ADCP (1983) as shown below Table 2.
Table 2. Ingredient composition, proximate analysis (% on DM basis) and calculated
values of gross energy (GE) and digestible energy (DE) in common ingredient mixture
(CIM) (Exp. 1)
Ingredients
Fish meal
Shrimp meal
Clam meal
GNOC
Oil1
Albumin
Calculated
Analysed
GE kcal 100 g-1*
DE kcal 100 g-1**
1

g kg-1
50
50
50
50
90
710
1000

CP
3.53
3.37
2.99
2.19

EE
0.15
0.16
0.65
0.41
9.00

57.16
69.23
68.25
380.78

10.38
10.52
94.42

290.06

84.16

CF
0.00
0.00
0.00
0.27

NFE
0.02
0.26
0.76
1.51

Ash
1.17
0.83
0.32
0.35

0.27
0.32

4.24
6.78
7.02
28.78

4.57
7.24
7.52

Codliver oil and groundnut oil mixed in the ratio 1:1

14.04

AIA
0.58
0.22
0.10
0.12

1.01
1.10
503.99
388.26
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*Analysed values for protein, EE and NFE multiplied by 5.5, 9.1 and 4.1kcal g-1
respectively (ADCP1983)
**Analysed values for animal protein x 4.25, vegetable protein x 3.8, EE x 8, animal
NFE x 3 and vegetable NFE x 2 kcal g-1 respectively (ADCP 1983)
Lipid :carbohydrate (L:C)
Lipid content in diets 7 and 8 were 7.85 and 10.84% respectively due to
incorporation of additional oil at the level of 3 and 6 % to obtain higher levels of energy.
Experiment 2: In this experiment protein level of 300 g kg-1 was obtained by incorporating
400 g kg-1 of CIM. Filler levels varied from 0 to 320 g kg-1. Oil at the levels of 10 g kg-1
and 20 g kg-1 was added to obtain higher energy levels in diets 7 and 8 respectively
(Table 6).
Table 6. Ingredient composition of the experimental feeds (g kg-1) (Exp. 2)
Ingredients

Feed 1 Feed 2 Feed 3 Feed 4 Feed 5

Feed 6 Feed 7 Feed 8

CIM

400

400

400

400

400

400

390

390

Tapioca flour

210

270

330

390

450

500

550

530

Cellulose

340

280

220

160

100

50

0

10

0

0

0

0

0

0

10

20

Lecithin

5

5

5

5

5

5

5

5

Cholesterol

5

5

5

5

5

5

5

5

Mineral mixture2 20

20

20

20

20

20

20

20

Vitamin mixture3 20

20

20

20

20

20

20

20

Oil

1

1, 2 and 3 are as shown below Table 3
GE levels in this experiment varied between 289.67 kcal 100g-1 and 430.14 kcal
100g-1. DE levels were between 208.39 kcal 100g-1 and 290.73 kcal 100g-1 (Table 7).
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Table 7. Proximate chemical composition of the experimental diets (% on dry matter
basis) and their energy contents and ratios of non-protein energy yielding nutrients
(Exp. - 2)
Nutrients and
energy

Diet Nos.
1

2

3

4

5

6

7

DM

89.12

90.61

90.22

89.83

89.44

89.11

88.84 91.03

CP

30.01

30.15

30.28

30.41

30.54

30.65

30.03 29.98

EE

5.63

5.64

5.64

5.64

5.64

5.64

6.53

NFE

17.89

22.71

27.52

32.34

37.15

41.17

45.15 43.55

Ash

5.18

5.29

5.39

5.50

5.60

5.69

5.70

5.67

0.24

0.24

0.25

0.26

0.26

0.27

0.27

0.26

AIA

8

9.53

GE kcal 100g

-1

289.67 310.26 330.72 351.19 371.66

388.71 409.72 430.14

DE kcal 100g

-1

208.39 218.68 228.87 239.06 249.25

257.74 270.18 290.73

103.59 97.18

P/E ratio (mg
protein kcal-1)

91.56

86.60

82.18

78.85

73.29 6 9 . 7 0

L:C (% weight) 6:18

6:23

6:28

6:32

6:37

6:41

7:45

EE+NFE

28.35

33.16

37.98

42.80

46.81

51.68 53.08

23.53

10:44

Experiment 3: Protein levels of 350 g kg-1 were obtained in the experimental diets in
this experiment by incorporating 470 - 480 g kg-1 CIM. Filler levels varied between 20 –
360 g kg-1 and tapioca flour levels were varied between 90 g kg-1 and 440 g kg-1 to obtain
the desired energy levels (Table 9).
Table 9. Ingredient composition of the experimental feeds (g kg-1) (Exp. 3)
Ingredients

Feed 1

Feed 2 Feed 3 Feed 4 Feed 5 Feed 6 Feed 7 Feed 8

CIM
Tapioca flour
Cellulose
CMC
Oil
Lecithin
Cholesterol
Mineral mixture

480
90
360
20
0
5
5
20

480
150
320
0
0
5
5
20

480
210
260
0
0
5
5
20

480
270
200
0
0
5
5
20

480
330
140
0
0
5
5
20

470
400
80
0
0
5
5
20

470
450
30
0
0
5
5
20

470
440
20
0
20
5
5
20

20

20

20

20

20

20

20

Vitamin mixture 20
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GE levels varied between 289.30 kcal 100g-1 and 421.77 kcal 100g-1 and DE levels varied
between 220.03 kcal 100g-1 and 291.36 kcal 100g-1 (Table 10).
Table 10. Proximate chemical composition of the experimental diets (% on dry matter
basis) and their energy contents and ratios of non-protein energy yielding nutrients
(Exp. 3)
Nutrients and
energy

Diet Nos.
1

2

3

4

5

6

7

8

DM

89.96

91.44

91.05

90.66

90.27

89.81

89.48

87.79

CP

35.54

35.68

35.81

35.94

36.07

35.50

35.61

35.56

EE

6.51

6.51

6.51

6.52

6.52

6.41

6.41

8.40

NFE

8.47

13.28

18.10

22.91

27.73

33.32

37.33

36.53

Ash

5.49

5.59

5.70

5.80

5.90

5.96

6.04

6.01

AIA

0.27

0.27

0.28

0.29

0.29

0.29

0.30

0.30

GE kcal 100g-1 289.39 309.98 330.44 350.91 371.37
DE kcal 100g

-1

P/E ratio (mg
protein kcal-1)

390.17 407.22 421.77

220.03 230.32 240.51 250.70 260.89

268.77 277.26 291.36

122.80 115.11 108.37 102.42 97.13

90.98

87.44

84.31

L:C (% weight) 7:8

7:13

7:18

7:23

7:27

6:33

6:37

8:37

EE+NFE

19.80

24.61

29.43

34.24

39.73

43.74

44.93

14.97

Experiment 4: Protein levels of 400 g kg-1 were obtained in the experimental diets in this
experiment by incorporating 540 g kg-1 CIM. Filler levels varied between 30 – 370 g kg1
and tapioca flour levels were varied between 20 g kg-1 and 380 g kg-1 to obtain the
desired energy levels (Table 12).
Table 12. Ingredient composition of the experimental feeds (g kg-1) (Exp. 4)
Ingredients

Feed 1 Feed 2 Feed 3

Feed 4

Feed 5 Feed 6 Feed 7 Feed 8

CIM

540

540

540

540

540

540

540

540

Tapioca flour

20

60

120

180

240

300

360

380

Cellulose

370

330

290

230

170

110

50

30

Oil

0

0

0

0

0

0

0

0

CMC

20

20

0

0

0

0

0

0

Lecithin

5

5

5

5

5

5

5

5

Cholesterol

5

5

5

5

5

5

5

5
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Mineral mixture 20

20

20

Vitamin mixture 20

20

20

20

20

20

20

20

20

-1

20

20

20

20

-1

GE levels varied between 296.12 kcal 100g and 418.91 kcal 100g and DE levels
varied between 232.25 kcal 100g-1 and 293.39 kcal 100g-1 (Table 13).
Table 13. Proximate chemical composition of the experimental diets (% on dry matter basis)
and their energy contents and ratios of non-protein energy yielding nutrients (Exp. 4)
Nutrients and
energy

Diet Nos
1

2

3

4

5

6

7

8

DM

92.33

92.07

91.68

91.29

90.90

90.51

90.11

89.98

CP

39.74

39.83

39.96

40.09

40.22

40.35

40.48

40.52

EE

7.17

7.17

7.17

7.17

7.17

7.17

7.17

7.17

NFE

3.00

6.21

11.03

15.85

20.66

25.48

30.29

31.90

Ash

5.75

5.82

5.92

6.03

6.13

6.23

6.33

6.37

0.29

0.30

0.30

0.31

0.32

0.32

0.33

0.33

AIA
GE kcal 100g

-1

296.12 309.77 330.23 350.70

371.16 391.63

412.09 418.91

DE kcal 100g

-1

232.25 239.05 249.24 259.42

269.61 279.80

289.99 293.39

134.20 128.57 121.00 114.31

108.36 103.03

98.23

96.73

P/E ratio (mg
protein kcal-1)

L:C (% weight) 7:3

7:6

7:11

7:16

7:21

7:25

7:30

7:32

EE+NFE

13.38

18.20

23.02

27.83

32.65

37.46

39.07

10.17

Experiment 5: Protein levels of 450 g kg-1 were obtained in the experimental diets in this
experiment by incorporating 610 g kg-1 CIM. Filler levels varied between 60–340 g kg-1
and tapioca flour levels were varied between 0 g kg-1 and 280 g kg-1 to obtain the desired
energy levels (Table 15).
Table 15. Ingredient composition of the experimental feeds (g kg-1) (Exp. 5)
Ingredients

Feed 1 Feed 2 Feed 3 Feed 4

Feed 5 Feed 6 Feed 7 Feed 8

CIM

610

610

610

610

610

610

610

610

Tapioca flour

0

50

80

110

140

170

200

280

Cellulose

320

270

240

230

200

170

140

60

Oil

0

0

0

0

0

0

0

0

CMC

20

20

20

0

0

0

0

0
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Lecithin

5

5

5

5

5

5

5

5

Cholesterol

5

5

5

5

5

5

5

5

Mineral mixture 20

20

20

20

20

20

20

20

Vitamin mixture 20

20

20

20

20

20

20

20

GE levels varied between 324.87 kcal 100g-1 and 420.37 kcal 100g-1 and DE levels varied
between 256.87 kcal 100g-1 and 304.42 kcal 100g-1 (Table 16).
Table 16. Proximate chemical composition of the experimental diets (% on dry matter
basis) and their energy contents and ratios of non-protein energy yielding nutrients
(Exp. 5)
Nutrients and
energy

Diet Nos
1

2

3

4

5

DM

92.51

92.18

91.98

91.79

CP

44.76

44.87

44.94

EE

7.93

7.93

NFE

1.58

Ash
AIA

7

8

91.59 91.40

91.20

90.68

45.00

45.07 45.13

45.20

45.37

7.93

7.93

7.93

7.94

7.94

5.59

8.00

10.41

12.82 15.22

17.63

24.05

6.16

6.25

6.30

6.35

6.40

6.45

6.50

6.64

0.33

0.33

0.34

0.34

0.34

0.35

0.35

0.36

GE kcal 100g-1 324.87

6

7.94

341.92 352.16 362.39

372.62 382.85 393.09 420.37

256.87

265.36 270.46 275.55

280.64 285.74 290.83 304.42

137.79

131.23 127.60 124.18

120.95 117.88 114.98 1 0 7 . 9 3

L:C (% weight) 8:2

8:6

8:8

8:10

8:13

EE+NFE

13.53

15.93

18.34

20.75 23.16

DE kcal 100g

-1

P/E ratio (mg
protein kcal-1)

9.51

8:15

8:18

8:24

25.57

31.99

Experiment 6: Protein levels of 500 g kg-1 were obtained in the experimental diets in this
experiment by incorporating 680 g kg-1 CIM. Filler levels varied between 0 – 250 g kg-1
and tapioca flour levels were varied between 0 g kg-1 and 270 g kg-1 to obtain the desired
energy levels (Table 18).
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Table 18. Ingredient composition and proximate composition of the experimental feeds (g kg-1) (Exp. 6)
Ingredients

Feed 1 Feed 2 Feed 3 Feed 4 Feed 5 Feed 6 Feed 7 Feed 8

CIM

680

680

680

680

680

680

680

680

Tapioca flour

0

50

80

110

140

170

200

270

Cellulose

250

200

170

160

130

100

70

0

Oil

0

0

0

0

0

0

0

0

CMC

20

20

20

0

0

0

0

0

Lecithin

5

5

5

5

5

5

5

5

Cholesterol

5

5

5

5

5

5

5

5

Mineral mixture 20

20

20

20

20

20

20

20

Vitamin mixture 20

20

20

20

20

20

20

20

GE levels varied between 360.31 kcal 100g-1 and 452.53 kcal 100g-1 and DE levels varied
between 284.78 kcal 100g-1 and 330.74 kcal 100g-1 (Table 19).
Table 19. Proximate chemical composition of the experimental diets (% on dry matter
basis) and their energy contents and ratios of non-protein energy yielding nutrients
(Exp. 6)
Nutrients and
energy

Diet Nos.
1

2

3

4

5

6

7

8

DM

90.68 92.23

92.03

91.83

91.64

91.44

91.25

90.79

CP

49.82 49.94

50.00

50.07

50.13

50.20

50.26

50.42

EE

8.69

8.70

8.70

8.70

8.70

8.70

8.70

8.70

NFE

1.76

5.77

8.18

10.59

13.00

15.41

17.81

23.43

Ash

6.60

6.69

6.74

6.79

6.85

6.90

6.95

7.07

0.37

0.37

0.38

0.38

0.38

0.38

0.39

0.39

AIA
GE kcal 100g

-1

360.31 377.49 387.72 397.96

408.19 418.42 428.65 452.53

DE kcal 100g-1 284.78 293.37 298.47 303.56

308.66 313.75 318.85 330.74

P/E ratio (mg
protein kcal-1)

122.82 119.97 117.26 111.41

138.26 132.29 128.96 125.81

L:C (% weight) 9:2
EE+NFE

Statistics

9:6

10.45 14.47

9:8

9:11

9:13

9:15

9:18

9:23

16.88

19.29

21.70

24.11

26.51

32.13
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Comparison of means and analysis of variance (ANOVA) of the data were done
according to Snedecor and Cochran (1973) using SPSS software. Using critical difference
values, ‘Student’s t-test’ for equality of means was used to compare the differences between
means (P<0.05). To estimate the optimum levels of protein and GE second-degree
polynomials of the form y = a + bx + cx2 were fitted. The significance of the second
order regression was also tested here using the ‘t-test’.

Results
Experiment -1
Growth of shrimp was significantly high (P <0.05) with feeds 6 and 7 (297.62 and
306.98 respectively in terms of RGR) containing 388.98 and 409.27 kcal 100g-1 GE,
247.09 and 267.54 kcal 100g-1 DE. P/E ratios of these feeds were 65.70 and 62.29. RGR,
SGR, PER, FCR, FCE and survival were significantly higher (P <0.05) with diet 7 (Table
5).
Table 5. Average values of initial and final biomass, biomass gain, AGR, RGR, SGR,
PER, FCR and FCE when fed test diets (Exp. 1). Means with the same superscript in
columns do not differ significantly (P <0.05)
Diet Initial g Final
Biomass AGR
Nos. biomass biomass gain
shrimp-1 shrimp-1g shrimp-1 g

RGR

SGR

PER

FCR

FCE

Survival
%

1

0.041

0.125a

0.084a

0.0020a 204.88a

2.66a

1.22a

3.75a

26.72a 72a

2

0.042

0.134b

0.092b

0.0022b 219.05ab

2.74ab

1.33b

3.07b

32.65b 77ab

3

0.042

0.142c

0.100c

0.0024c 238.10bc

2.90bc

1.43c

2.43c

41.22c 83bc

4

0.043

0.145c

0.102c

0.0024c 237.21bcd

2.90bcd 1.55d

2.24c

44.73d 90d

5

0.042

0.157d

0.114d

0.0027d 271.43e

3.12e

1.62e

2.24c

44.60de 92de

6

0.042

0.167e

0.125e

0.0030e 297.62f

3.27f

1.75f

1.86d

53.92f 95e

7

0.043

0.175f

0.132f

0.0031f

3.36f

1.82g

1.75e

57.23g 99f

8

0.043

306.98f

0.154d 0.111d 0.0027d 258.14cde 3.04de

1.71h

2.37c

42.17ce 89cde

AGR = Wt. gain day-1, RGR = Final wt. – Initial wt./ Initial wt. X 100, SGR = Ln. final
wt. – Ln. initial wt./ No. of days x 100, PER = Wet wt. Gain/ Dry wt. of protein consumed
FCR = Dry wt. of feed consumed/ Wet wt. Gain, FCE = Wet wt. gain/ Dry wt. of feed
consumed.
Regressions of RGR on P/E, GE and DE indicated the RGR optimum between 288.36 –
292.68, GE 417.89 kcal 100g-1and DE 261.21 kcal 100g-1. The optimum P/E derived
was 51.54.
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Experiment - 2
Growth of shrimps was significantly higher with diet 5 (395.45 % in terms of
RGR) with a GE of 371.66 kcal 100g-1 and DE of 249.55 kcal 100g-1. P/E ratio of this
feed was 82.18. RGR, SGR, PER. FCR, FCE and survival were also significantly higher
(P <0.05) with this diet (Table 8)

Table 8. Average values of initial and final biomass, biomass gain, AGR, RGR, SGR,
PER, FCR and FCE fed test diets (Exp. 2). Means with the same superscript in columns
do not differ significantly (P <0.05)
Diet Initial g Final
Biomass AGR
Nos. biomass biomass gain
shrimp-1 shrimp-1g shrimp-1 g

RGR

SGR

PER

FCR

FCE

Survival
%

1

0.045

0.181a

0.136a

0.003a

302.22a

3.33a

1.11a

3.18a

31.39a 73a

2

0.047

0.197b

0.150ab

0.004ab

319.15ab

3.41ab

1.22b

2.77b

36.06b 78ab

3

0.045

0.198bc

0.153bc

0.004c

340.00ab

3.53abc 1.32c

2.39c

41.79c 83bc

4

0.044

0.203bcd

0.159d

0.004bc

361.36bc

3.65bc

1.45d

1.98d

50.41d 87c

5

0.044

0.218d

0.174e

0.004d

395.45c

3.79c

1.54e

1.79e

55.86e 95d

6

0.045

0.175e

0.130af

0.003e

288.89ab

3.23ab

1.45d

2.23c

44.67f 93d

7

0.044

0.163ef

0.118cf

0.003e

268.18a

3.10d

1.34c

2.43c

41.10c 87c

8

0.046

0.156f

0.110b

0.003f

239.13d

2.90d

1.25b

2.75b

36.35b 82bc

Regressions of RGR on P/E, GE and DE indicated the RGR optimum between
346.58 – 357.98, GE 346.49 kcal 100g-1and DE 237.84 kcal 100g-1. The optimum P/E
derived was 89.35.
Experiment - 3
Growth of shrimp was significantly higher with diet 5 (676.74 % in terms of
RGR) with a GE of 371.37 kcal 100g-1 and DE of 260.89 kcal 100g-1. P/E ratio of this
feed was 97.13. RGR, SGR, PER FCR, FCE and survival were also significantly higher
(P <0.05) with this diet (Table 11).
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Table 11. Average values of initial and final biomass, biomass gain, AGR, RGR, SGR,
PER, FCR and FCE fed test diets (Exp. 3). Means with the same superscript in columns
do not differ significantly (P <0.05)
Diet Initial g Final
Biomass AGR
Nos. biomass biomass gain
shrimp-1 shrimp-1g shrimp-1 g

RGR

SGR

PER

FCR

FCE

Survival
%

1

0.046

0.640a

0.501a

0.0040a 363.04a

3.63a

0.79a

2.77a

36.05a 84a

2

0.049

0.743b

0.597b

0.0047b 406.12ab

3.87ab

0.83a

2.77a

36.06a 84a

3

0.043

0.710b

0.580c

0.0046b 448.83b

4.04bc

0.90a

2.12b

47.12b 83a

4

0.051

0.930c

0.778d

0.0062c 507.84c

4.31c

0.96a

1.82c

55.07c 87ab

5

0.043

1.003d

0.874e

0.0069d 676.74d

4.89d

1.35b

1.79c

55.86cd 95c

6

0.045

0.694b

0.558bc

0.0044b 413.33ab

3.88abc 0.94a

2.24d

44.67e 93bc

7

0.046

0.616a

0.479a

0.0038a 347.83a

3.60ab

0.86a

2.43d

41.10f 87ab

8

0.045

0.469e

0.335f

0.0027e 248.88e

2.99e

0.85a

2.75a

36.35a 82ab

Regressions of RGR on P/E, GE and DE indicated the RGR optimum of 527.85 –
543.92, GE 352.03 kcal 100g-1 and DE 252.20 kcal 100g-1. The optimum P/E derived
was 103.98.
Experiment - 4
Growth of shrimp was significantly higher with diet 5 (676.14 % in terms of
RGR) with a GE of 371.16 kcal 100g-1 and DE of 269.61 kcal 100g-1. P/E ratio of this
feed was 108.36. RGR, SGR, PER FCR, FCE and survival were also significantly higher
(P <0.05) with this diet (Table 14).
Table 14. Average values of initial and final biomass, biomass gain, AGR, RGR, SGR,
PER, FCR and FCE fed test diets (Exp. 4). Means with the same superscript in columns
do not differ significantly (P <0.05)
Diet Initial g Final
Biomass AGR
Nos. biomass biomass gain
shrimp-1 shrimp-1g shrimp-1 g

RGR

SGR

PER

FCR

FCE

Survival
%

1

0.046

0.251a

0.204a

0.0049a 443.48a

4.02a

0.56a

2.58a

38.69a 84a

2

0.049

0.276ab

0.227b

0.0054b 463.27a

4.13a

0.65b

2.37a

42.26b 83a

3

0.043

0.273ab

0.230b

0.0055b 534.88b

4.38b

0.73c

2.12b

47.12c 87ab

4

0.051

0.353a

0.302c

0.0072c 592.16c

4.62c

0.82d

1.82c

55.07d 93bc

5

0.043

0.334a

0.291c

0.0069c 676.14d

4.89d

0.97e

1.79c

55.86d 95c
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6

0.045

0.278b

0.232b

0.0055b 575.55b

4.31b

0.87f

2.24a

44.67e 93bc

7
8

0.046
0.045

0.240a
0.230a

0.194a
0.186a

0.0046a 421.74a
0.0044a 413.33a

3.96a
3.91a

0.79d
0.65b

2.43a
2.75c

41.10b 87abc
36.35f 77a

Regressions of RGR on P/E, GE, DE indicated the RGR optimum of 603.61 –
608.50, GE 357.12 kcal 100g-1and DE 262.57 kcal 100g-1. The optimum P/E derived
was 114.95.
Experiment - 5
Growth of shrimp was significantly higher with diet 4 (673.46 % in terms of
RGR) with a GE of 362.39 kcal 100g-1 and DE of 275.55 kcal 100g-1. P/E ratio of this
feed was 124.18. RGR, SGR, PER FCR, FCE and survival were also significantly higher
(P <0.05) with this diet (Table 17).
Table 17. Average values of initial and final biomass, biomass gain, AGR, RGR, SGR,
PER, FCR and FCE fed test diets (Exp. B-5). Means with the same superscript in columns
do not differ significantly (P <0.05)
Diet Initial g Final
Biomass AGR
Nos. biomass biomass gain
shrimp-1 shrimp-1g shrimp-1 g
1
2
3
4
5
6
7
8

0.043
0.047
0.043
0.049
0.043
0.045
0.042
0.044

0.278a
0.306b
0.313b
0.379c
0.318b
0.287ab
0.254d
0.253d

0.235a
0.259b
0.269b
0.330c
0.275b
0.241ab
0.213d
0.209d

0.0056a
0.0062b
0.0064b
0.0079c
0.0065b
0.0057ab
0.0051d
0.0050d

RGR

SGR

PER

FCR

FCE

Survival
%

546.51a
551.06a
625.58b
673.46c
639.53b
535.56ad
507.14de
475.00e

4.45a
4.45a
4.71b
4.89c
4.75b
4.39ad
4.31de
4.15e

0.43a
0.55b
0.64c
0.76d
0.64c
0.55b
0.43a
0.35e

2.30a
2.07b
1.81c
1.73c
1.79c
2.19b
2.27a
2.58d

43.41a
48.35b
55.18c
57.86d
55.86cd
45.63a
44.11a
38.58e

57a
60ab
64ab
84c
78c
68b
61ab
50ab

Regressions of RGR on P/E, GE and DE indicated the RGR optimum between
607.60 –613.52, GE 360.11 kcal 100g-1 and DE 274.67 kcal 100g-1. The optimum P/E
ranged derived was 125.83.
Experiment - 6
Growth of shrimp was significantly higher with diet 4 (530.61 % in terms of
RGR) with a GE of 397.96 kcal 100g-1 and DE of 303.56 kcal 100g-1. P/E ratio of this
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feed was 125.81. RGR, SGR, PER FCR, FCE and survival were also significantly higher
(P <0.05) with this diet (Table 20).
Table 20. Average values of initial and final biomass, biomass gain, AGR, RGR, SGR,
PER, FCR and FCE fed test diets (Exp. B-6). Means with the same superscript in columns
do not differ significantly (P <0.05)
Diet Initial g Final
Biomass AGR
Nos. biomass biomass gain
shrimp-1 shrimp-1g shrimp-1 g
1
2
3
4
5
6
7
8

0.043
0.047
0.043
0.049
0.043
0.045
0.042
0.044

0.237a
0.266b
0.255bc
0.309d
0.247bc
0.253bc
0.232a
0.243ac

0.194a
0.219b
0.212bc
0.260d
0.204ac
0.208bc
0.190a
0.199ac

0.0046a
0.0052b
0.0050bc
0.0062d
0.0048ac
0.0050bc
0.0045a
0.0047ac

RGR

SGR

PER

FCR

FCE

Survival
%

451.16a
465.95a
493.02b
530.61c
474.42b
462.22a
452.38d
452.27e

4.07a
4.11ab
4.22abc
4.40cd
4.15abc
4.10abc
4.08abc
4.05abc

0.35a
0.43b
0.53c
0.62d
0.50c
0.39b
0.33a
0.29e

2.30a
2.07a
1.81b
1.73b
1.79b
2.19a
2.27a
2.59c

43.41a
48.35b
55.18c
57.86d
55.86cd
45.63a
44.11a
38.58e

84a
87ab
90abc
98d
97d
93bc
87abc
77ab

Regressions of RGR on P/E, GE and DE indicated optimum of 486.19 – 487.92,
GE e 400.54 kcal 100g-1 and DE 304.83 kcal 100g-1. The optimum P/E derived was
126.07.
The observed maxima and derived optima are presented in Table 21.
Table 21. Observed maximum and derived optimum growth and energy requirement in
F. indicus (Experiments 1-6)
Protein g kg-1
ObservedGE
kcal 100g-1
Derived GE kcal
100g-1
ObservedDE kcal
100g-1
DerivedDE kcal
100g-1
Observed RGR %
Derived RGR
Observed P/E (mg

250
300
389-409 351-372

350
371

400
371

450
362

500
398

418

352

357

360

396

247-268 239-249

261

270

276

304

261

252

263

275

302

678
527-543
97

677
604-609
108

673
531
607-613 486-488
124
126

346

238

298-307 361-395
284-293 347-358
62-66
82-87
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protein kcal-1)
Derived P/E

51-65

82-89

98-103

112-114

120-125 120-126

Whole body composition and water quality
Whole body composition of the experimental animals before and after the
experiments in terms of moisture, CP, EE and ash is depicted in Tables 22. Water quality
in all the succeeding six experiments was within the acceptable range for aquatic life
(Table 23).
Table 23. Means of temperature, pH and salinity in the culture containers
Experiment No.

1

Temperature oC

28.52+0.17 28.67+0.17 29.47+0.17 28.77+0.14 28.87+0.06 29.00+0.04

-1

2

3

4

5

6

D.O. (mg L )

4.52+0.17

4.77+0.31

5.65+0.22

5.58+0.27

5.63+0.15 5.25+0.18

pH

8.17+0.09

8.08+0.20

8.17+0.13

8.05+0.06

7.95+0.06 8.05+0.06

-1

Salinity (g L )

25.25+0.06 25.55+0.18 25.37+0.10 25.35+0.13 25.30+0.04 25.13+0.05

Discussion
These six experiments were conducted with diet designs modified after Shiau and
Chou (1991). The CIM provided the complement of natural feed ingredients such as
fish meal, shrimp meal, clam meal and deoiled groundnut oil cake and oil. Chicken egg
albumin rated to be the best purified animal protein source by Ali (1994) for F. indicus
was the other major source of protein incorporated in the CIM. The results of these six
experiments demonstrated that shrimp fed diets with 250 g kg-1 to 300 g kg-1 at all energy
levels showed a lower growth rate compared with shrimp fed higher protein levels; protein
levels below 300 g kg-1 appear to be insufficient for optimal growth.
Colvin (1976) while estimating protein requirement of F. indicus tested protein
(g kg-1): GE (kcal 100g-1) combinations of 213:450, 334:460, 428:470 and 530: 480
respectively found 428: 470 to be the most appropriate combination. Ali (1990) was the
next to report that in F. indicus with a diet containing 400g kg-1 protein, 50 g kg-1 lipid
and 350 g kg-1 carbohydrate 414 kcal 100g-1 GE as the optimum.
Further, Ali (1996) reported that with 348 g kg-1 protein and 70g kg-1 lipid; maximum
growth was at 348 kcal 100g-1 DE (whether estimated or calculated was not mentioned
and from the values reported DE appears to be GE) in F. indicus. With the same lipid
level (70g kg-1), and protein levels ranging from 220 g kg-1 to 510 g kg-1 maximum growth
was registered at 400 kcal 100g-1. Again, with 348 g kg-1 protein, lipid level ranging from
15 g kg-1 to 178 g kg-1, maximum growth was at 392 kcal 100g-1. This observation of Ali
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(1996), ascribing the preferential utilisation of carbohydrate as high as 530g kg-1 in a
protein deficient (220 g kg-1) situation was also reported to cause poor survival. In this
study, it is observed that in Exp. 1 with 250g kg-1 protein the GE of 389-409 kcal 100g-1
recorded maximum growth and survival. The effect was manifested as poorest growth
recorded among the six experiments. Protein sufficiency in formulated feeds in this
research is found ensured only in Experiments 3-6. Similar and superior growth resulted
(673-678 % RGR), with protein levels of 350, 400 and 450 g kg-1. The potential of
manipulating energy levels by altering the inclusion levels of non-protein dietary
constituents to reduce protein level to the extent of not having an impacting growth is
thus imminent. In P. monodon AQUACOP (1977) estimated that a total dietary energy
content of 330 kcal 100g-1 was required for optimal growth at 400 g kg-1 protein. Hajra et
al. (1988) reported that a GE level of 413 kcal 100g -1 to be the optimum at 460g kg-1
protein with feeds compounded using natural ingredients and shrimp reared in near
freshwater conditions. In their review Cuzon and Guillaume (1997) found that the GE
levels in crustacean diets generally ranged from 310 to 410 kcal 100g-1. While attempting
to discern the most appropriate range in this work, it is clear that there is a threshold
level for protein (350g kg-1 here), which is responsible for optimum growth. GE level of
371 kcal 100g-1 required to sustain this is derived from a Lipid: Carbohydrate (L: C) %
weight ratio of 7:27. Bautista (1986) reported that the P. monodon (0.60-0.80 g) fed with
300g kg-1 protein and GE ranging from 205-335 kcal 100g-1 had lower growth rates
compared with shrimp fed on diets containing 350-450 g kg-1 protein at all energy levels.
Shiau and Chou (1991) in their work on P. monodon reported that at 400 g kg-1 protein
the optimum GE level was 320 kcal 100g-1 and at 360 g kg-1 protein the GE level was 330
kcal 100g-1. In P .monodon, Chuntapa et al. (1999) documented observations similar to
the present study. Low growth at energy levels ranging from 203-339 kcal 100g-1 with
protein levels below 330g kg-! In shrimp fed on diets containing 330 – 440 g kg-1 protein
and GE levels ranging from 223 – 459 kcal 100g-1 had greater growth. Further, growth
was reported to be similar with 340 g kg-1 protein and GE levels of 223 and 331 kcal
100g-1. At 330 g kg-1 protein with GE of 439 kcal 100g-1-growth rates tended to decrease.
However, at 360 g kg-1 protein and 459 kcal 100g-1 GE, growth rate was similar in diets
containing 330-440 g kg-1 protein at all GE levels. At 440 g kg-1 protein and GE levels of
263 – 371 kcal 100g-1 growth is again reported to match the levels of growth observed at
330 - 440 g kg-1 protein. Using regression analysis with this data they (Chuntappa et al.,
1999) derived the optimum P/E ratio as 146-150 mg protein kcal-1. This trend is observed
in the present work also, however, the GE values corresponding to 350, 400 and 450 g
kg-1 protein in the diets where maximum and similar growth was observed were 362 –
371 kcal 100g-1 and P/E ranged from 97-124 mg protein kcal-1. With regression analysis
these GE values ranged between 353 – 360 kcal 100g-1 and P/E ranged from 103-125 mg
protein kcal-1.
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Thus, the optimum protein requirement in F. indicus in this study does conform
to the earlier reports on this species by Colvin (1976) and Gopal and Raj (1990). The
energy requirement even though decreases with an increase in the protein content in the
diets the protein sparing capability in this species appears to be lower when compared
with the report on P. monodon (Shiau and Chou 1991). P/E ratio (103-125 mg protein
kcal-1) is also lower implying cheaper and more cost effective feeds can be formulated
for this species.
L: C as a ratio in feed by weight is another important parameter which was 7:27,
7:21 and 8:13 by weight for the diets containing 350, 400 and 450 g kg-1 protein
respectively. This ratio of non-protein energy constituents indicates the gross tolerance
level of this organism towards unnatural levels of fat and carbohydrates without ignoring
the fact that the natural disposition of shrimp in general is towards a protein rich food.
The ratio reported for P. monodon is 7:32 by weight by Chuntapa et al. (1999). Ali
(1990) in F. indicus reports this ratio to be 5:35 for the diet, which resulted in the optimum
growth. The current research shows that 7:27, 7:21 and 8:13 to be the appropriate ratios
for optimum growth for diets containing 350, 400 and 450 g kg-1 protein respectively.
Moreover, these ratios recorded higher growth compared with the work of Ali (1990)
who had not tested lipid level beyond 6.25% because his own finding that 6% gross lipid
level was optimal. Chandge and Raj (1997) reported a range of 8-12% for the same
species. L: C ratios of 8:48, 6:37 and 9:11 at protein levels of 250, 300 and 500 g kg-1
respectively produced sub-optimal growth (Tables 5, 8 and 20). This indicated threshold
levels of fat and carbohydrate beyond which abnormally high levels of these nutrients
indirectly affecting protein deposition (growth). SGR, PER, FCR FCE and survival are
the other nutritional indices which conformed to the optimal values of growth in all the
six experiments 1-6 conducted. Significantly higher values (P <0.05) values for SGR,
PER, FCE and significantly least values for FCR support the findings discussed. Varying
levels of protein and energy in feed did not impact the body composition of the animals
(Table 22).
Table 22. Mean whole body proximate compositions of the experimental shrimp initially
and finally (% on dry matter basis)

Experiment Nos.
Moisture
Crude protein
Ether extract
Ash
Moisture
Crude protein

Initial
1
77.2
61.93
11.01
16.02
Final
73.40
65.89

2
77.22
66.43
6.83
16.44

3
76.9
66.96
6.14
16.83

4
72.75
68.94
4.85
19.37

5
73.24
69.68
4.85
19.38

6
72.14
69.85
4.86
19.84

73.96
69.57

72.66
69.05

73.37
69.12

73.17
69.64

73.32
69.93
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8.46
18.78

4.89
19.56

4.85
19.55

4.55
20.02

5.02
20.11

5.03
20.11

Conclusion
Ratio of protein, carbohydrate and lipid in the feeds of shrimp play an important
role in formulation of cost effective feeds. Absolute requirements become dynamic with
the alterations in their ratio and knowledge of their interactions can be applied in reducing
the cost of shrimp production.
Experiments 1-6 with feeds compounded with purified ingredients mainly (semipurified diet), showed that the optimum range of protein is required in the feed to realise
maximum growth at 350 to 450g kg-1. The energy levels, which sustained this growth,
were 362 – 371 kcal 100g-1 GE and 262 – 276 kcal 100g-1 DE. The optima derived
through regression analysis were 353 – 360 kcal 100g-1 GE and 252 – 274 kcal 100g-1
DE. Within this range energy can be manipulated to lower the protein inclusion in the
feed. However, further precision in energy requirement data can only be achieved if the
DE and ME values are available for shrimp. The future course of work should be on
those lines examined in along with environmental interactions.
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Abstract
Three year old Siberian sturgeons (Acipenser baerii) were reared at five densities in indoor
fiber-glass tanks to evaluate the effects of stocking density on growth, survival, condition, and
feed efficiency. Fish (mean weight, 460±90g) were stocked into 500-L fiber-glass tanks containing
270 liters of water at rates of 6, 9, 12, 15 and 18 fish per tank (3-9 kg/m2). The growth trial was
conducted over an 8-week period during which the fish were offered a 45%-protein commercial
ration in slight excess. At the termination of the study, the mean weights as well as the lengths
and weights of individual fish in each tank were recorded. Biometry takes place every 20 days.
The final weights of the fish decreased insignificantly as density increased (p>0.05), with fish
stocked at a density of kg/m2 having a mean weight of 746 g and those stocked at 9kg/m2 having
a mean weight of 7.3 g. The percentage of weight gain and feed efficiency also decreased as
stocking density increased. No significant differences in GR, SGR, BWI and FCR were found
among treatments (p>0.05). The end result shows that Siberian sturgeons seem to be able to
tolerate high stocking densities and this species could be easily reared in fiber-glass tanks at the
rate of 10 kg.m-2.

Introduction
Sturgeons are temperature and oxygen tolerant and they do not require specific
rearing structure. In addition, the caviar market has an increasing demand that remains
unfulfilled (Williot, 2001). Therefore, sturgeon farming is of great importance for those
countries where wild stocks are declining or have been exterminated (Steffens et al.,
1990). Siberian sturgeon (Acipenser baeri, Brandt) is also offering suitable prospects
for aquaculture in Europe (Steffens et al. 1990) and is a commercially desirable
* Corresponding author. Tel.: +98 917 705 1248
E-mail address: zare_rasool@yahoo.com
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aquaculture candidate (Williot, 1999). This non-migrating freshwater species has shown
a good growth performance in many types of production system and in tanks of different
size and shape (Williot et al., 2001; Arndt and Mieske, 1994) and is capable of reaching
sexual maturity in captivity (Ronayi and Peteri, 1990; Ronayi, 1989). The results of
primary research on feeding and nutritional physiology of Siberian sturgeon have also
been promising (Dabrowski,, 1985; Medale, and Kaushik S.J,1989). Siberian sturgeon
is also less demanding than many other cultured species e.g. rainbow trout in terms of
water quality parameters (Williot et al. 1993).
Stocking density is a major factor that affects fish growth under farmed condition
(Jobling, 1995; Yi et al. 1996; Hengswat et al. 1997) and in many cultivated fish species,
growth is inversely related to stocking density and this is mainly attributed to social
interactions (Holm et al., 1990; Haylor, 1991; Miao, 1992; Huang and Chiu, 1997;
Canario et al..1998; Irwin et al. 1999; Silva et al. 2000). However, social interactions
through competition for food and/or space can negatively affect fish growth. Papst et al.
(1992) suggested that in intensive aquaculture the stocking density is an important factor
that determines the economic viability of the production system. Thus this study was
conducted to evaluate the effects of density on growth performance, percentage of body
weight, specific growth rate and food conversion ratio in order to assess the potential
for introducing Siberian sturgeon to the aquaculture sector in Iran.

Materials and methods:
The experiment was carried out at the indoor installation of the International
Sturgeon Research Institute in Rasht. The three year old Siberian sturgeon (imported
from Hungary), were randomly separated into 15 fiber-glass tanks at five densities: 6, 9,
12, 15 and 18 fish in tank (3-9 kg/m-2), with three tanks per rearing density. Rearing
tanks were of equal sizes, 150 x 102 x 52 cm and held 270l of water. Total wet weight
(g) and total length (cm) were measured at the beginning of the study, and repeated
every 20 days. Fish were hand-fed with commercial pellets 4-times daily for 8-weeks
duration. Food rate was 1-2% tank biomass (depending on water temperature).
Adjustment of the amount of food was made every 20 days when the fish were measured
and weighed. Fish growth and other indices were calculated with the following formulae:
Growth Rate (G R) = (BWf - BWi) - n (Hung et al. 1989)
Specific Growth Rate (S G R) =( lnWt -lnW0 )/t x 100 (Ronyai et al. 1990)
Body Weight Index (BWI%) = 100 x (BWf - BWi)/BWi (Hung et al. 1989)
Condition Factor (CF) = 100 x (BW/TL3) (Hung & Lutes, 1987)
Food Conversion Ratio (FCR) =F/ (Wt-W0) (Ronyai et al. 1990; Abdelghany
& Ahmad, 2002)
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BWi and BWf: Initial and final body weight (g), n: number of experiment days,
TL: total length, W0 and Wt: means of initial and final weight in each tanks, F: consumed
food.
Water quality, including water temperature, dissolved oxygen and pH as were
measured every day at 08:00 am. Statistical analyses were conducted using the “Statistic”
program for Windows Ver. 10.0. One-way ANOVA test was computed to evaluate the
differences in terms of mean body weight, total lengths, SGR, GR, BWI, CF and FCR
between replicates. When significant differences were detected, the Duncan test was
applied to compare the means.
Results and Discussion
Water quality, including water temperature, dissolved oxygen and pH were
measured daily. These parameters in high stocking densities were significantly lower
than low stocking densities (P < 0.05).
Table 1. Range of physico-chemical water parameters during trial
Stocking density(fish in tank)
Blood
6

9

12

15

18

DO

6.21±0.1

6.18±0.4

5.97±0.1

6.08±0.2

5.87±0.5

pH

7.57±0.04

7.56±0.09

7.52±0.08

7.55±0.06

7.46±0.6

Water quality has a complex side effect on high stocking density. Miao (1992)
found that higher stocking density was accompanied by lower pH and dissolved oxygen,
and resulting changes in water quality might play an important role in affecting growth
and survival of fish. The stocking densities may be the cause of stress because of
deterioration in water quality (Barton & Iwama, 1991).
The mean standard length and mean body weight of fish at five densities at the
beginning of the experiment (Week 0) and end of the experiment (Week 8) are shown in
Table 2. At the beginning of the experiment, mean length and mean weight were not
significantly different between the densities (P>0.05).
In the present experiment, attempts were made to estimate the influence of stocking
density on the growth indices of Siberian sturgeon reared in 500L fiber-glass tanks. The
results showed that the different growth parameters were affected by stocking density.
It was also noticed that fish growth was negatively affected by stocking density. The
maximum growth was obtained in low density (6fish in tank) whereas the lowest growth
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was obtained in moderate density (12fish in tank). Maximum increase in weight and
length were observed at lowest density. Differences between mean values of length and
weight in different stocking density were statistically significant (P < 0.05) but weight
in different stocking density was insignificant (P > 0.05).
Table 2. Mean values of weight and length changes of Siberian sturgeon during trial
Density
(fish in tank)
6
9
12
15
18

Stocking density(fish in tank)
Biometry 1st

Biometry 2nd

Biometry 3rd

Biometry 4th

W (g)

461.8±51.6

515±75.9

595.3±89.3

746±109.6

TL(cm)

49.8±4.45

52.5±3.4

55.6±8.1

57.8±3.3

W (g)

482±16.6

510.5±80

601.4±100.56

713±127

TL(cm)

51±2

51.6±2.6

51.3±2.6

55.7±3

W (g)

448.5±83.8

511.68±79.3

571±98.6

664.7±117

TL(cm)

50.6±3.34

51±2.8

52.6±2.6

55±2.7

W (g)

465.8±84

513±97

571±105

680.4±127.6

TL(cm)

50.5±2.9

51.6±2.5

52.9±2.9

55.5±3

W (g)

465.8±126.8

512±127

565±141

TL(cm)

51.7±4.4

51.7±4.4

52.9±4.5

664.5±146.2
55.9±4.2

Figure 1, 2- Mean (±SE) length and weight of Siberian sturgeon at five rearing
densities at end of the experiment.
Several authors have demonstrated that stocking density is a major factor that
affects fish growth under farmed condition (Joberling, 1995; Yi et al., 1996; Hangswat
et al., 1997). Increased density has been shown to have negative effects on the growth
of several other species (Holm et al., 1990; Soderberg et al., 1993; Yi et al 1996). Papst
et al., (1992) suggested that in intensive aquaculture the stocking density is an important
factor that determines the economic viability of the production system but it appears
that there is no general agreement regarding the effects of stocking density on growth,
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size variation, survival and production of fish (Haung & Chiu, 1997). Stocking density,
besides genetics, food supply and environmental condition, is an important factor
affecting growth and maturation of wild and farmed fish. As population density increases,
competition for food and living space usually intensifies, providing one of the most
effective controls on animal population (Haung & Chiu, 1997). In this study, the similar
negative relationship was found between stocking density and growth of size of Siberian
sturgeon.
The mean values of SGR, GR, BWI, CF and FCR obtained at each stocking rate
are given in Table 2. Best specific growth rates (1.13% day-1), body weight index (25.4%)
and food conversion ratio (1.6) were measured at lowest stocking density. Best condition
factor were measured in treatment containing 9 and 15 fish (0.41). Differences between
mean values of specific growth rate, body weight index, and condition factor and food
conversion ratio obtained at different stocking rates were statistically insignificant (P >
0.05).
Table 3. Mean values of SGR, GR, BWI, CF and FCR obtained at each stocking rate
for Siberian sturgeon.
Index
Growth Rate Specific Growth
Body Weight Condition
(g.day-1)
Rate (% in day) Index (% in total Factor
Experimental
(CF
duration)
fish.tank-1

Food Conversion Ratio
(FCR)

6

7.59±0.7

1.13±0.05

25.4±1.2

0.38±0.01

1.6±0.09

9

7.58±0.9

0.85±0.036

18.63±0.85

0.41±0.01

2.18±0.1

12

4.65±0.66

0.75±0.085

16.24±4.98

0.39±0.01

2.54±0.32

15

5.32±1.12

0.84±0.15

18.5±3.5

0.41±0.01

2.47±0.32

18

4.97±0.04

0.81±0.003

17.6±0.08

0.39±0.01

2.19±0.07

In our experiment three year old Siberian sturgeon with a mean initial weight of
460±90g reached the mean final weight of 668.8g in 61 days. The specific growth rate
(SGR) values obtained in our trial are 1.13±0.05 and 0.81±0.003 in lowest and highest
stocking density respectively. Medale and Kaushik (1989) reported the SGR values for
3 and 10-months-old Siberian sturgeon juveniles as 1.54 and 1.03 (%day-1) respectively
in 17.5±1 °C. While Köksal et al. (2000) observed that, Siberian sturgeon with body
weight above 20-30 g performed a SGR of 2.90-2.8 (%day-1). However, specific growth
rate decreased with increasing age and the SGR value in the last experimental period
was found to be 1.30 (%day-1).
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The value of body weight increase (BWI) reported by Kaushik et al. (1989) at
17.5±1 °C for Siberian sturgeons with an initial mean weight of 90 g using concrete
tanks (1.5x1.5x0.3m) was 179%. Köksal et al., (2000) observed that, Siberian sturgeon
with body weight above 20-30 g performed BWG of 122% but in this experiment BWI
were 25.4±1.2% and 17.6±0.08% in lowest and highest stocking density respectively.
Feed Conversion Rates ranged from 1.6 - 2.54 with fish at the lowest density being
more efficient at converting feed to flesh than other treatments. Ferit Rad et al., (2003)
investigated the effects of different daily feeding rates on the specific growth rate and
food conversion ratio of Siberian sturgeon in order to determine the optimum daily
feeding rate for fish with an initial mean weight of 1736 ± 37 g. Mean specific growth
rate and food conversion ratio values were found to be significantly different (P < 0.05)
between the four treatments. The means of specific growth rate and food conversion
ratio for fish fed at 0.75%, 1.00%, 1.25% and 1.50% body weight/day were computed
as 0.47, 0.88, 0.89 and 0.64% day-1 and 1.71, 1.25, 1.40 and 2.43, respectively. They
found at 19-22 °C the optimum daily feeding rate for Siberian sturgeon of 1736 g was
determined to be 1.00% body weight.day-1 but in our experiment, daily feeding rate was
2.00% body weight/day to ensure that all treatment were fed to satiation.
Best mean values of SGR, GR, BWI, and FCR obtained were measured at lowest
stocking density and with increased density, these factors were declined. The lowest
mean values of SGR, GR, BWI, CF and FCR obtained were measured at groups
containing 12 fish in tank. But differences between mean values of these factors in all
treatment were insignificant (P>0.05), indicating that the stocking density has no
significant effect on growth indices of Siberian sturgeon reared in 500L fiber-glass
tanks.
Siberian sturgeons seem to be able to tolerate high stocking densities. However,
this figure should not be regarded as an upper limit and is specific to the total biomass
at the 61st day of our experiment and to 668 g fish. Köksal et al., (2000) applied population
densities of 30 to 35 kg.m-2 for larger fish (0.5 to 1.0 kg) in shaded outdoor fiberglass
tanks (2x 2x1 m) and each supplied with spring water at a constant flow rate of 2l.sec-2.
Water temperature ranged between 19.0 and 22.0 °C throughout the experiment with
the mean being 21.7 °C. Steffens et al. (1990) and Ronayi et al. (1997) reported 25
kg.m-2 as an acceptable population density for the white sturgeon. The results of our
experiment in terms of growth performance and feed conversion efficiency indicate
that the Siberian sturgeon could be regarded as a potential candidate for species
diversification in the Iran aquaculture sector.
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Figure 3. mean body weight, total lengths, Specific Growth Rate (SGR), Growth Rate (GR),
Body Weight Index (BWI %), Condition Factor (CF) and Food Conversion Ratio (FCR) of
Acipenser baerii in different stocking density. * Significant differences (P<0.05)
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Abstract
In this investigation, Golden Mahseer (Tor putitora) having an average body weight ranging
between 3.5 and 650 gms were collected from Experimental Mahseer Hatchery and lake, Bhimtal
in order to assess the food availability in their natural habitat as well as for the prediction of
growth rate. Commonly used molecular indices for fish growth and feeding conditions include
RNA concentration (µg/mg tissue) and its ratio to DNA (RNA/DNA). Most of the isolated DNA
had no sign of degradation and the spectrophotometer analysis of absorbance at 260 and 280nm
provided ratios ranging between 1.70 and 1.90 indicating that quality of DNA was good. The
DNA and RNA concentration ranged between 4.06 and 8.86 and 0.92-to 23.70 µg/ mg respectively.
The RNA/ DNA ratios ranged from 0.10 to 4.83 with the mean average of 2.52. The means of the
RNA/ DNA ratio of the wild fish were relatively higher than that of the reared fry indicating that
they were generally in better condition. A positive correlation was also observed between body
mass/size of the fish with RNA/ DNA ratio. The RNA concentration and ratio of tissue RNA/
DNA have proven to be a reliable estimator of recent fish growth rate and food availability in
their natural habitat.

Introduction
Most of the studies had confirmed that food availability is a limiting factor for
survival of larvae (Setzler-Hamilton et al., 1987, Leggett and Deblois, 1994 and Cushing,
1995). In the beginning, the researchers used a variety of morphometric, histological
and biochemical indices to measure, growth and nutritional condition of fish species.
Measuring of total length and weight of fish sometimes does not give clear picture of
growth status of fish since they are not able to survive until it is measured at molecular
levels by estimating rates of protein synthesis. Currently the most commonly used indices
for fish growth and nutritional status are RNA concentration (µg/mg tissue) and its ratio
to DNA (R/D) (Mathers et al. 1994; Clemmesen et al. 1997; Buckley et al., 1999; Gwak
and Tanaka, 2001; Smith and Buckley, 2003; Peck et al., 2003 and Caldarone et al.,
2001). RNA is required for protein synthesis and final outcome as biomass growth
*Corresponding Author: Tel No: 05942-247279, 247280 (O) Ext 121
Email address: gkshivraman@gmail.com
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fluctuates in response to food availability and physiological condition of fish (Bulow
1987, and Clemmesen, 1993). DNA content is an index of cell number or biomass
(Dortch et al., 1983). An increase or decrease in the RNA/ DNA or RNA: mg tissue
ratios would indicate a concomitant change in protein synthesis, growth rate and
nutritional condition of fishes (Buckley, 1979 and 1984; Martin et al., 1985; Fukuda et
al., 1986; Buckley and Lough, 1987; Clemmesen, 1987; Raae et al., 1988; Robinson
and Ware, 1988; Westerman and Holt, 1988). Major advantage of a nucleic acid based
growth estimate is rapid response to time and R: D ratio in post yolk-sac larvae can
reflect changes in growth rates and nutritional condition over a period of time. Growth
rate estimation of field- caught fish is a powerful tool for evaluating the survival potential
of an individual and for identifying environmental variables which may affect recruitment
success. In this study an attempt is made to investigate the natural food availability and
growth condition of the coldwater fish Tor putitora in relation to their body weight as
compared with the laboratory maintained fish in terms of RNA/DNA ratio and their
concentrations.

Materials and Methods
Golden Mahseer (Tor putitora) of different body weight were collected randomly
from the catch in natural lake of Bhimtal (Nainital) and Mahseer Experimental Hatchery,
Bhimtal, Nainital, Uttarakhand. R/ D ratios were estimated from the extracts of muscle
tissues of the fingerlings and adults fish (n= 10). Muscle tissue (150mg) was collected
just below the dorsal fins. Total DNA/ RNA was extracted using lysis buffer (50mM
Tris-HCl buffer pH 8.0 having 50mM EDTA, 100mM NaCl, 1.5% sarcosyl and proteinase
K) (Sambrook et al. 1989). Phenol- chloroform- isoamylalcohol method (25:24:1) was
used for purification of DNA. The DNA and RNA concentrations were measured at
260nm in an UV Spectrophotometer followed by removal of RNA by RNase treatment
(30 µg) for 150 mg of tissues. R/D ratio was estimated as the difference between pre
and post RNase treatment.
DNA concentration (µg/ µl) was calculated by OD260 x 50 x Dilution Factor/1000.

Statistical Analysis
Correlations were calculated among the different body weights with the amount
of RNA concentrations and with RNA/ DNA ratios. Comparisons between different
sizes were using one-way ANOVA (Snedecor and Cochran, 1989).

Results
Most of the isolated DNA was in good quality as seen in 0.8% agarose gel
electrophoresis (Fig 1a - 1d). Spectrophotometer comparison of absorbance at 260 and
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280nm provided a DNA/RNA and protein contamination and relationship of 1.55 to
2.02 indicating good quality of isolated DNA. DNA and RNA concentration ranged
from 4.06 to 8.86 (5.370 ± 0.012) and 0.90 to 23.73 (77.93 ± 0.23) µg/g of muscle tissue
(Tab.1). The mean RNA and R/ D of juveniles (body weight of 3.0-5.0 to 6.0 - 10.0g)
and adult of (body weight of 500.0- 550.0 to 560.0- 650.0g) were differing significantly
(P < 0.01). The RNA concentrations in the juveniles were lower (18.63 ± 0.04, 12.74 ±
0.27, 1.36 ± 0.14 and 0.92 ± 0.09) as compared to adult Mahseer (19.65 ± 0.77 and
23.73 ± 0.64). Similarly the RNA/ DNA ratios were found lower in the juvenile (2.47 ±
0.14, 2.69 ± 0.22, 0.20 ± 0.03 and 0.10 ± 0.01) as compared to the adult (and 4.84 ± 0.64
and 4.83 ± 0.78). The growth in body weights was significantly (P < 0.01) correlated
with both RNA concentration and RNA/DNA ratio (r2 = 0.54) and with more genetic
variability whereas it was not statistically significant in the pond-reared fish having the
body weights ranging from 11.0- 14.0 to 15.0-20.0gms.
No significant correlation between DNA content and size of the fish was found.
Where as positive correlations were observed between body mass/size of the fish with
RNA concentration and RNA/ DNA ratios (Table1). The RNA: DNA ratio was
proportionately increased as the increase of body weight except in 11-20g body weight
sizes (Fig.2), which was fed with normal feed with CP of 42 - 45%. Whereas the fry was
fed with goats liver ad libidum and wild caught fishes had higher body weight reflecting
the food availability in the natural habitats.
Table1. The DNA concentration, RNA concentration and R/D ratio of Mahseer fish
population from wild and experimental hatchery sources
Life stage Sampling
Location
(n = 10)

Body weight (g) DNA
RNA
Concentration Concentration Concentration
(ìg/ mg)
(ìg/ mg)

Juvenile
Juvenile
Juvenile
Juvenile
Adult
Adult
Overall

3.0- 5.0
6.0- 10.0
11.0- 14.0
15.0- 20.0
500.0- 550.0
560.0- 650.0

Hatchery
Hatchery
Hatchery
Hatchery
Lake
Lake

7.54 ± 0.034
4.74 ± 0.036
6.73 ± 0.051
8.86 ± 0.040
4.06 ± 0.043
4.91 ± 0.068
4.06 to 8.86
(5.370 ± 0.012)

18.63 ± 0.04**
12.74 ± 0.27**
1.36 ± 0.14
0.92 ± 0.09
19.65 ± 0.77**
23.73 ± 0.64**
0.90 to 23.73
(77.93 ± 0.23)

R/D Ratio

2.47 ± 0.14**
2.69 ± 0.22**
0.20 ± 0.03
0.10 ± 0.01
4.84 ± 0.64**
4.83 ± 0.78**
0.10 to 4.84
(15.13 ±0.86)

Discussion
To assess the nutritional status/ physiological condition of the field caught mahseer
fish population it is necessary to determine the amount DNA, RNA and RNA/ DNA
** Significant at P <0.01
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Figure.1. Relationships among DNA concentration, RNA concentration, and RNA/ DNA ratios
in different size of Mahseer population

ratio and with their body weights. In the present investigation mean value of RNA/
DNA ratios ranged from 0.10± 0.01 to 4.84 ± 0.64 and the similar type of values (2.22
to 2.56) was observed by Smith and Buckley (2003) in juvenile Atlantic cod Gadus
morhua and demonstrated that the R/D of scale tissue also reflects the feeding condition
and growth of the fish. The whole-body R/D of fish larvae has been shown to be a
reliable measure of nutritional status and growth (Buckley, 1984 and Clemmesen, 1987).
Whereas Malloy and Targett (1994) and Rooker et al., (1997) studied the juvenile and
adult fish using whole body, liver and muscle homogenates and suggested that R/D can
provide a useful index of feeding condition and growth. The means of the RNA/DNA
ratio were relatively high, so the Mahseer fish collected from the lake were generally in
good condition. Larvae in good condition tend to have higher RNA/DNA ratio than
those in poorer condition (Robinson and Ware, 1988 and Clemmesen, 1994). It is further
suggested that this ratio can respond quickly to changes in environmental condition
(Martin and Wright, 1987), and reflects the instantaneous growth in the field caught
fish (Buckley, 1984).
This study shows the high correlation between the body weights of the fishes
with RNA concentration and RNA/DNA ratio, except in fishes having the body weights
of 11.0- 14.0 to 15.0-20.0gms, which was reared under pond condition. Similar to this
study Malloy and Targett (1994) and Rooker et al., (1997) obtained higher correlations
between growth in weight and R/D (r2= 0.66) in the white muscle tissue of wild caught
juvenile summer flounder Paralichthys dentatus and was significant (P < 0.05) in fed
juvenile drums than starved fish, respectively. In contrast, Smith and Buckley (2003)
found mean R/D of scale extracts was more highly correlated with growth in length (r2=
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0.59) and Rooker and Holt, (1996) also observed (r2 = 0.65) in juvenile Sciaenops
ocellatus. As clearly indicated the Mahseer fishes are well adapted to the natural water
resources (lakes/ rivers/ streams) and are highly active fish of marginal bottom feeding
habits. It may need the natural condition for active growth since it guts contains the
macrophytes, filamentous algae, molluscus, insects, debris and sand and mud (Annual
report, NRCCWF, Bhimtal, 2007).

Fig.2a.Pre- RNase Treatment

Fig.2c Post- RNase Treatment

Figure 2. Quality of isolated DNA and RNA
from muscle tissue of the collected samples

Fig.2b

Pre- RNase Treatment

Highly positive correlation was measured between RNA/DNA ratio with fish
size and weight indicating growth status of fish. But Chicharo et al., (1998) found nonsignificant correlation between the RNA/ DNA ratios in field caught Sardina pilchardus
larvae of the north Spain. Moreover, strong correlation between RNA/DNA ratio and
growth have been observed in a variety of species such as, Clupea harengus, Ammodyles
spp, Theragra chalcogramma, Paralichthys dentatus, Pseudopleuronectes americanus,
Gadus morhua, Scomber scombrus and Morone saxatilis (Buckley, 1984). The results
of our study indicate that it is indeed possible to conduct such surveys on large scale in
natural habitats of fish so as to estimate growth and feeding status of wild specimens
during various seasons and were carried out for the first time in coldwater fish species
of this region. The study was carried out during the breeding season so that fry and
fingerlings were not collected from the wild but as the work progressed, it was found
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that significant differences existed between the wild caught fry and fingerlings which
were hatchery- reared (data not shown). The RNA: DNA ratio could therefore become
the method of choice for determining the growth and nutritional status of coldwater
fishes.

Conclusion
The RNA concentration and ratio of tissue RNA/ DNA have proven to be a reliable
estimator of recent fish growth rate and food availability in their natural habitats.
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Abstract
The levels of key metabolic enzymes viz. Glucose 6 phosphate dehydrogenase, Lactate
dehydrogenase, Pyruvate kinase, Acetylcholine esterase and ATPase were monitored at varying
time intervals in coldwater fish Barilius bendelisis exposed to 5°C. The levels of these enzymes
increased to 236.23, 28.22, 68.66, 83.59 and 143.55% respectively as compared to control group
of fishes during 96hrs of rearing in cold. The enzymatic values of pyruvate kinase, lactate
dehydrogenase and ATPase levels increased considerably (P<0.01) just after 24 hrs of treatment
while glucose 6 phosphate dehydrogenase and esterase increased significantly (P<0.01) after 48
hrs of cold treatment. Isozyme profiling of above enzymes also supports the data visually.
Moreover, two more isoforms of Pyruvate kinase were also observed in cold adapted fish
specimens than in control group. Twelve protein bands were also visualized when the samples
from test fishes were run on the SDS-PAGE, one band of 29kD at Rf of 0.63 exhibited relatively
high intensity in the fish reared at cold temperature as compared to control group. Similarly,
elevated levels of Hsp-70 were also detected (p<0.05) due to the cold stress given to the fishes
for a period of 24- 96 hrs that also served as an early indicator of temperature stress in fish and
played an important role in cold adaptation.

Introduction
Temperature, being the most important environmental factors, influences the
normal physiological process of fish. Hill stream fishes living in cold climate appear to
adapt a compensatory strategy that sustains levels of metabolism and performance more
or less constant despite changes in environment temperatures (5-25°C) (D'Amico et al.
*Corresponding author :
Present Address: National Dairy Research Institute,
Karnal -132001, Haryana, India
E-mail address: rkapila69@rediffmail.com
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2002). Under acute thermal stress, fish will rely on number of adaptations that are
under neural and endocrine control to ensure that they meet the energy requirement
needed for their physiological compensation and acclimation to changing environment
(Kuo and Hsieh 2006). The physiological responses include the consumption of metabolic
energy, which is essential for maintaining body functions and regulation. Enzyme
function, in particular, is often extremely sensitive to temperature change and this
sensitivity is probably related to the balance maintained between flexibility and stability
in discrete, relatively mobile regions of the polypeptides involved in catalysis. The
resultant marginal stability is usually assumed to be a necessary attribute of enzyme
(Zavobszky et al. 1998; Fields et al. 2002). Muscle ATPase, lactate dehydrogenase (LDH),
acetylcholine esterase (AchE), glucose 6 phosphate dehydrogenase (G6PDH), Pyruvate
Kinase (PK) are the key enzymes of glycolysis, pentose phosphate pathway and muscle
contraction etc. and involved in various metabolic activities in cell. Since activity
alteration of these metabolic enzymes is highly related to the production and utilization
of energy, the integrated coordination of these enzyme activities implies a status of
stress responses and change in activities may facilitate clarification of these metabolic
pathways and energy utilization in fish under cold climate. On the other hand expression
of heat shock proteins (HSP) / molecular cheperone under stressful environmental
conditions is another interesting area, to understand mechanism behind cold tolerance
in fishes as reported by Ju et al. (2002) and Weber et al. (2005), who found the abundance
of heat shock proteins-70 (HSP-70) rapidly increased in brain and muscle tissues of
channel cat fish in response to cold acclimation.
Coldwater fisheries, a component of the inland fisheries, are very important from
the point of view of tourism and sports besides being a source of cheap animal protein.
Though contribution of coldwater fisheries to inland sector in India is meager but it has
the vast natural resources to make a dent and contribute to the economy of the hilly
regions. Among coldwater fishes, Barilius spp. are one of the most dominant species in
the streams, rivers and lakes all along the Himalayas. They are found in snow fed fast
flowing water of hill streams, though some are found in the big rivers in locations with
a gravel or sandy substrate. Barilius are found across Asia. They are most common in
India, but also occur in Afghanistan, Bangladesh, Nepal, Myanmar, Pakistan, Sri Lanka
and Thailand. They have developed a unique character to resist cold climate (below
10°C). Hence, it was chosen as a representative species under present investigation to
get insight in to the mechanism of cold tolerance at biochemical level in coldwater
fishes of Indian subcontinent.

Materials and Methods
Test fish, Barilius bendelisis weighing 15.7 - 30.0 g were netted out from local
streams of Kumaon Himalayas' using cast nets and live fish were transported to wet lab
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in polyethylene bags filled 1/3 with water and inflated with oxygen. Fish were kept in
flow through tubs for 15 days to remove transportation stress and adapting them to
confined conditions.
Experiments were designed in glass aquaria (length 46.0 cm, width 30.0 cm,
height 30.0 cm) of 15-liter capacity. Clean aquaria were filled with fresh water up to
desired level (12 liters) and aerated to maintain optimum dissolved oxygen level. Four
glass aquaria fitted with proper aeration were installed at 5°C of water temperature in
cold cabinets and one-glass aquarium was maintained at 20°C of temperature as control
using thermostats. Next morning, seven live specimens of fish B. bendelisis were released
in each glass aquarium after slowly mixing the water in the aquarium so that the thermal
shock to fish could be avoided. Fish samples were taken out at regular intervals of 24
hrs, 48 hrs, 72 hrs and 96 hrs from the four aquaria kept at 5°C. Fish kept as control and
maintained at 20°C were also collected after 72 hrs.
The tissues were collected aseptically from the skeletal muscles by making an
incision on either side of the dorsal fin. Tissues were kept in pre-autoclaved 1.5 ml
eppendorf tubes and sealed with parafilm immediately before freezing at -20°C for
further use. Frozen tissue samples (0.2-0.8 g) were thawed at 4°C and protein was
extracted by homogenization for 10 minutes (homogenization was carried out manually
with a glass head rod and a glass homogenizing tube) using approximately 1.5 - 2.0 ml
of 0.9% saline. Homogenized samples were then centrifuged at 5000 rpm for 10 minutes
at 4 C to remove the debris. The supernatant was used for various biochemical analyses.
Enzyme activity of glucose-6-phosphate dehydrogenase (G6PDH; E.C.1.1.1.49)
was measured by the protocol of Kuo and Hsieh (2006) using 3 mM glucose-6- phosphate
as substrate in 100 mM Tris buffer (pH 8.0) having 0.25 mM MgCl2 and 0.6 mM NADP
at 30°C. Lactate dehydrogenase (LDH; E.C.1.1.1.27) activity was measured using the
protocol of Bergmeyer and Bernt (1974) using a mixture of 2.4 mM sodium pyruvate
and 0.1 mM NADH2 as substrates dissolved in 100 mM sodium phosphate buffer (pH
7.5). Activities were estimated at 14°C by decreasing absorbance at 340 nm of NADH2.
Pyruvate kinase (PK; E.C.2.7.1.40) was measured by using protocol of Edwards et al
(1984). The reaction solution having 100 mM Tris HCl buffer (pH 7.4), contained 165
mM KCl, 5.5 mM MgCl2, 0.1 mM NADH2, 0.75 mM ADP, 5.5 mM DTT and 0.66 mM
phosphoenolpyruvate (PEP). Activities were assayed at 14°C and the absorbance was
measured at 340nm. The activity of acetylcholine esterase (AchE; E.C.3.1.1.1) was
assayed by the method described by Wolfgang et al. (1974) in 0.1 M sodium phosphate
buffer (pH 7.5) using 1.65 mM of acetylcholine as substrate. Activities were assayed at
37 C by taking absorbance of colour developed at 490 nm.
The ATPase (EC 3.6.1.3) activity was measured in purified myosin (Martone et
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al .1986) using 2 ml reaction mixture containing 100 l NaCl (2.5 M), 800µl tris buffer
(50 mM pH-7.4), 100µl CaCl2 (100 mM), 5µl BME, 5µl ATP (0.1 M) as a substrate and
75µl of enzyme extract. The reaction was stopped after 30 min of incubation at 30°C
with 1.5 ml of 20 % TCA and colour was developed by the method of Taussky and
Shorr (1953).
One unit of enzyme in above assays is that amount of protein, which produces
either 1nm of product or consumed 1nm of substrate/minute/mg of protein.
Soluble protein was quantified using the method of Lowry et al. (1951) with
bovine serum albumin as a standard. The visualization of isoenzymes on gels was carried
out by the methods described by Pasteur et al. (1988) with certain modifications using
specific substrates of enzymes with NBT (1%) and PMS (1%) to form formazon
precipitates in case of oxido-reductase enzymes (G6PDH, LDH and PK). Similarly, the
esterases were stained on gel using /β -Naphthyl ester and Fast blue RR to form colored
complex. The procedure of Laemmli (1970) was used to check the protein-banding
pattern in skeletal muscles of fishes and to detect variations due to cold stress. The
levels of HSP-70 were estimated in fish muscles by ELISA using the protocol of Peridigon
et al. (1991). The goat polyclonal antibody raised against carp HSP-70 as primary
antibody were obtained from Santa Cruz Biotechnology Inc California. Anti-goat rabbit
antibody as secondary antibody conjugated with peropxidase used in ELISA was supplied
by Genei (India)
Data are presented as mean + SEM (n=10). Student's t-test was used to
compare the significance of differences in mean values between groups.

Results
Behavioural changes
The fish maintained in aquaria at 20°C were observed to be more active and
swam rapidly as compared to those at 5°C. They became very sluggish when transferred
to 5°C and subsequently settled down at the bottom with reduced opercular movements
within 30 minutes after the onset of the experiment.
Variations in enzyme levels
The activities of enzymes related to energy metabolism, i.e., glucose 6-phosphate
dehydrogenase (G6PDH), lactate dehydrogenase (LDH), pyruvate kinase (PK),
acetylcholine esterase (AchE) and myosin ATPase were monitored and presented in
table 1.
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Table 1. Impact of cold on key metabolic enzymes of Barilius bendelisis
Enzyme activities ( U*min-1 *mg-1)

Time (Hrs)
G6PDH

LDH

PK

AchE

ATPase

8.28 ± 2.43

2905.18 ± 158.9

83.12 ± 4.4

118.14 ± 11.48

24.8 ± 4.76

8.48 ± 1.95
(2.42)

3095.54 ± 184.4*
(6.55)

93.41 ± 6.8*
(12.38)

127.71 ± 30.91
(8.10)

30.4±2.53*
(22.58)

48

11.51 ± 1.45* 3305.42 ± 324.4* 111.85 ± 8.7*
(39.0)
(13.78)
(34.56)

148.32 ± 12.07*
(25.55)

43.4 ± 3.49*
(75.0)

72

13.46 ± 2.09* 3485.32 ± 402.3* 135.23 ± 13.1* 175.21 ± 31.81*) 56.5 ± 3.38*
(62.56)
(19.97)
(62.69)
(48.30
(127.82)

96

27.84± 3.63*
(236.23)

Control
(20°C )
24

3725.19 ± 241.6* 140.19 ± 12.6*
(28.23)
(68.66)

216.9 ± 10.36*
(83.59)

60.4 ± 7.22*
(143.55)

Values are mean ± SEM for 10 numbers of observations
* Mean values are significantly higher (P < 0.01)
Values in parenthesis are % increase in enzyme activity as compared to control
The glucose 6-phosphate dehydrogenase activity increased by 2.42 %, 39.0 %,
62.56 % and 236.23 % at 24, 48, 72 and 96 hours of cold exposure at 5°C as compared
to a control maintained at 20°C for 72 hours. The activity of this enzyme was found to
be 27.84 3.63 U*min-1 *mg-1 after 96 hrs. in the cold exposed fish. The activities of
the enzyme were observed to be significantly higher (P≤0.01) in Barilius bendelisis
samples reared for 48, 72 and 96 hours respectively at 5°C than the control set.
Similarly, lactate dehydrogenase (LDH) activity showed an increase of 1.07, 1.14,
1.19 fold and 1.28 folds when cold exposure was given for 24, 48, 72 and 96 hours
respectively in comparison to the control set. The increase was statistically significant
(P≤0.01) in all the above sets. Another important glycolytic enzyme, pyruvate kinase
also demonstrated a marked increase (P≤0.01) in its activity with the values being 93.41±
6.8, 111.85±8.7, 135.23±13.1 and 140.19 ±12.6 U*min-1 *mg-1 of protein among all time
points after cold treatment respectively than control set reared at 20°C (83.12±4.4 U).
Acetylcholine esterase (AchE) of Barilius bendelisis also showed a marked
increase (P≤0.01) in their activities during cold exposure (increase by 8.10 %, 25.54 %,
48.3 % and 83.59 % at 24, 48, 72 and 96 hrs. respectively compared to control set in
AchE). However, the increase was not significant (P≤0.01) at 24 hrs.
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Similarly, activity of myosin ATPase increased significantly (P≤0.01) by 22.58,
75.0, 127.82, and 143.55 % at 24, 48, 72 and 96 hrs. of cold exposure at 5°C respectively
as compared to control at 20°C. Moreover, statistically significant increased values
(P≤0.01) of ATPase were observed as the duration of rearing of the fish was increased
from 24 hrs. to 96 hrs. But the ATPase activity was not significantly different (P≤0.01)
between the fishes reared at 72 and 96 hrs. in cold.
Visualization of enzymes/proteins on Native PAGE and SDS-PAGE
The physical visualization of enzyme activities of the four enzymes except ATPase
was done on Native PAGE using 7.5 % polyacrylamide gel to check appearance of their
different isoforms on exposure to cold temperature. Though single band of G6PDH
appeared on PAGE gel irrespective of the fish rearing temperature but its intensity
appeared to be increasing visually in case of fish muscle samples reared at 5°C for 96
hrs. than the control. This substantiates 236.23% increased level measured by quantitative
enzyme assay. Similarly, single band of LDH was also detected on gel but not much
variations in the intensity of the bands was observed on physical visualization of PAGE
gels though 28.22 % higher activity of LDH was recorded quantitatively in test fishes
exposed to cold temperature for 96 hrs. than control. It appears that increase in the
activity of the LDH enzyme is not that sufficient to be detected on Native PAGE with
naked eyes. On the other hand, Native PAGE of pyruvate kinase enzyme yielded some
interesting observations (Figure 1A) with the appearance of two bands at Rf 0.025 and
0.05 in the muscle sample extracts ( lane 6-10) of Barilius bendelisis reared under cold
temperature of 5°C. This signifies the formation of additional isoforms of pyruvate
kinase due to cold stress. Increased intensity of AchE (Figure 1B) on gel in cold exposed
fish samples also supports our quantitative data of 83.59% increase than control fish
reared at 200C. However, an additional band at Rf 0.55 appeared in some of the lanes of
AchE enzyme irrespective of temperature treatment to fish.
The SDS-PAGE was also performed to record the soluble proteins pattern from
muscle tissues in order to determine the appearance of new type of protein bands due
to cold exposure of fish (Figure 1 C). A gradient gel (10-15% polyacrylamide) using
SDS (2%) along with â-mercaptoethanol (2%) was found suitable to resolve denatured
proteins optimally. Twelve bands were visible which were of varied intensities but one
band at Rf 0.63 having a molecular weight of 29 Kd exhibited relatively high intensity
in the fish reared at cold temperature as compared to control (Fig.1 C).
Variations in HSP-70
The final objective was the estimation of Hsp- 70 using previously standardized
ELISA. On giving cold stress to fish, increased levels of HSP- 70 were observed by
30.29, 33.41, 60.3, and 55.53 % respectively at 24, 48, 72 and 96 hrs (Fig.2).
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A. PK B. AchE
Lane 1-5: Fish specimens reared at 200C
(control)
Lane 6-10: Fish specimens reared at 50C for 96
hrs
C. SDS-PAGE
Lane 1-4: Fish specimens reared at 200C
(control)
Lane 5-9: Fish specimens reared at 50C for 96
hrs
M : Protein marker
Figure 1: Impact of cold on enzymes/denatured protein profiles on PAGE

Statistical analysis of the data revealed a significant (P<0.05) percentage increase in
Hsp-70 at 24 hrs. of rearing of fish in cold as compared to control. This increase was
further enhanced (P<0.01) on increasing the duration of rearing the fish in cold climate
upto 72 hrs. Thus it appears from the data
that the expression of Hsp- 70 reaches to
a maximum level on 72 hrs. of rearing the
fish in cold because no further significant
statistical increase (P<0.05) was found in
the sets of fish reared for 72 and 96 hrs .
Figure 2. Impact of cold on HSP-70
expression of muscle proteins
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Discussion
The behavioral changes exhibited by B. bendelisis on transfer to low temperature
are in consonance with the observations made on Clarias batrachus and Schizothorax
plagiostomus by Joshi et al. (1980) and Bhatt and Singh (1985) respectively. Similarly
reduced movements of fins and operculum were also reported previously by Kapila et
al. (2002) following sudden transfer of S. richardsonii to lower temperatures.
Our results exhibiting increased levels of G6PDH are also in agreement with a
recent research done by Kuo and Hsieh (2006) on grass carp, which is recognized as
cold tolerant eurythermal cyprinid. Under present investigations the activities of G6PDH
in the Barilius bendelisis increased steadily on similar pattern to grass carp after 48hrs
of cold shock treatment. This indicates that gluconeogenesis was activated in the cold
tolerant species under cold shock. G6PDH is a key regulatory enzyme of pentose
phosphate pathway that helps in the production of metabolite, which helps in
gluconeogenesis. Contrarily, milkfish, a tropical species that is less tolerant to the cold,
maintained G6PHD at a stable but at low levels even after cold shock treatment of 48hrs
or more (Kuo and Hsieh 2006). Further, Gracey et al. (2004) reported that 252 genes
involving 18 genes of metabolism were up regulated during cold in common carp.
Moreover, they observed activation of pentose phosphate pathway genes including
G6PDH based upon transcript profile of carp liver. These observations further support
our finding of upward production of G6PDH indirectly by up regulation at gene level,
which supply additional NADPH by pentose phosphate pathway for elevated lipid
metabolism in the cold and induces the cold-responsive gene of acyl-CoA 9-desaturase,
for membrane adaptation.
In case of LDH, observations of Fields (2001) support our data while working on
an Antarctic fish Chaenocephalus aceratus. They observed that the LDH orthologs
from more cold-adapted species have higher values of catalytic rate constant, or turnover
number (kcat), through lower Arrhenius activation energies (Ea), and increased in the
apparent Michaelis constant for the substrate pyruvate. Thus they catalyzed the
conversion of pyruvate to lactate faster than those from more warm-adapted species.
Podrabsky and Somero (2004) further provided evidence for increased LDH activity to
cold temperature. Fields and Houseman (2004) observed increased activity of LDH in
cold-water fishes by adaptation of enzyme through one to few amino acid substitutions
during the process of adaptation. Thus increased levels of LDH in cold adapted fishes
may be attributed to molecular flexibility generated by geometrical modifications in
structure of enzyme needed to maintain an appropriate catalytic rate and stability of
active site for substrate recognition during adaptation.
Hochachka and Somero (2002) reported the effect of temperature on catalytic
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and regulatory functions of pyruvate kinase of the rainbow trout and the Antarctic fish
Trematomus bernacchii and observed Km value of PK for phosphoenol puruvate is
temperature dependent. Pyruvate kinase is a regulatory enzyme of glycolytic pathway
and involved in energy generation. Podrabsky and Somero (2004) support our data
with the observations that activities of pyruvate kinase correlate positively with
decreasing habitat temperature of Austrofundulus limnaeus. . On the other hand, Gracey
et al. (2004) reported that few genes in brain, gill and kidney, showed increased expression
of most glycolytic genes, whereas skeletal muscle showed a decrease using microarray
technique. Further Cossins et al. (2006) opined that in fast-twitch skeletal muscle,
glycolysis is responsible for supplying most of the ATP needed for contraction, so the
activation or repression of glycolytic genes in this tissue may be linked to the expression
of the genes that comprise the contractile apparatus, which were found to decrease with
cooling. Moreover, Granner and Pilkis (1990) reported PK in rainbow trout occurs in at
least two forms. White muscle possesses an isoenzyme, which termed as M-PK, was
activated by Fructose 1, 6 diphosphate (FDP) during gluconeogenesis while the second
isoenzyme found in liver and brain termed L-PK, was insensitive to FDP. It plays a key
role in hepatic glucose and lipid metabolism. Above findings also support our
observations of visualizing two isoforms of PK in muscle tissues as both the
gluconeogenesis and lipid metabolic pathways are activated in lipid metabolism during
cold exposure. Our data of LDH and PK is also in agreement with D'Amico et al. (2002)
who reported that increase in activities in glycolytic enzymes (LDH and PK) during
cold rearing of fish and suggested further that fish muscles require more amount of
energy in the form of ATP for muscle contraction.
Harper et al. (1989) investigated the effect of temperature in the range from 5-35 °C
in skeletal muscle from both warm-acclimated and cold-acclimated freshwater teleost
fish (Cyprinus carpio) and found that cholinesterase activity does not contribute to the
differential temperature sensitivity in fish acclimated to high and low temperatures. On
the other hand, Wood et al. (1999) also reported that low temperatures may reduce the
activity of acetyl cholinesterase as a result relatively increased amount of acetylcholine
may interact with the cholinergic receptors on type II cells for maintaining the action
potential which is quite contrary to our findings on Barilius bendelisis. Moreover,
presence of additional band of esterase at an Rf of 0.55 in few fish samples irrespective
of the temperature conditions under present investigation appeared to relate with genetic
variations in AchE than to any physiological adjustments (Kapila and Mishra, 2006).
ATPase activity of myofibrils from cold adapted species in fast twitch muscles of
fish was considerably higher (approx. 2.8 times) at low temperatures than for tropical
species (Johnston et al. 1975). Similar increased ATPase activity with cold-acclimation
occur in other cyprinids such as common carp (Cyprinus carpio) and roach, Rutilus
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rutilus (Heap et al. 1985) are on same lines with our observations with Barilius bendelisis.
On the other hand Walesby and Johnston (1981) reported that the net effect of increased
levels of ATPase is not a widespread phenomenon among teleosts. Moreover, Wakeling
et al. (2000) suggested that the increase in the ATPase activity was dependable on cold
exposure duration for teleost fish because the maximum cruising speed of some
freshwater fish is increased at low temperatures and decreased at high temperatures
after several weeks of cold acclimation. In the trout heart, acclimation to cold increases
the activity of myosin-ATPase (Aho and Vornanen 2000) due to formation of new type
of myofibrils having isoforms of myosin heavy chain.
Increase in the level of Hsp-70 proteins due to heat shock has been studied by
many workers and reviewed extensively by Basu et al. (2002) and Iwama et al. (1999)
but little work has been carried out on expression of these proteins due to cold exposure
in fish. Up regulation of Hsp- 70 in mammalian skeletal muscle is suggested to play an
important role in preventing muscle damage or atrophy in response to environmental
stressors (Oishi et al. 2003). Similarly, Currie et al. (2000) suggested that the particular
family of Hsp must be considered when evaluating the stress by molecular means as
they visualized that increased Hsp-70 levels are specific indicators of early detection of
stress due to thermal acclimation in fish. Our findings are in agreement with the
observations of Ju et al. (2002) who found rapidly increased levels of Hsp- 70 in the
brain tissue of channel catfish in response to cold acclimation. Similarly, Weber et al.
(2005) working on same lines found the abundance of Hsp-70 mRNA in the fish reared
at cold temperature on days 14 and 28 of the study. Our data also supports the observations
of Laios et al. (1997) where increased expression of Hsp-70 in rat cardiomyocytes and
in the muscle of carp during cold shock was detected.
In conclusion, exposure of cold temperature of 5°C to Barilius bendelisis brings
out adjustments in the levels of key metabolic enzymes/proteins by altering their amounts
(G6PDH, AchE, PK, ATPase, HSP-70), synthesizing new isoforms (PK) and changing
their kinetic properties by shifting geometry of active site so that energy can be generated
for various physiological activities required for survival of fish in order to combat cold.
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Abstract
Air breathing catfish species Heteropneustes fossilis (Bloch) and Clarias batrachus
(Linn.) are important table fish and fetch high market price. Cryopreservation of spermatozoa
can be a useful tool in captive seed production for domestication and aquaculture of these catfish
species. The objective of the present study was to identify optimum extender composition for
sperm cryopreservation of the two species, H. fossilis and C. batrachus. Four extender
compositions Hank’s Balanced Salt Solution (HBSS), Modified Hank’s Balanced Salt Solution
(M-HBSS), Modified Hank’s Balanced Salt Solution with hen’s egg yolk (M-HBSS with EY)
and European catfish were evaluated for cryopreservation of catfish sperm and 10 % Dimethyle
Sulphoxide (DMSO) was used as a cryoprotectant. The pooled milt exhibiting 70-80% motile
sperm was used for cryopreservation experiment. After storage for 48 hrs at -196ºC, the milt was
thawed and evaluated for fertility test. The percentage of hatching was used as a parameter for
the comparative evaluation of different extender composition. In H. fossilis extender M-HBSS
indicated highest hatching rate (49.06%), followed by HBSS (42.76%), M-HBSS with EY
(37.46%) and European catfish (29.47%). The hatching success with extender M-HBSS did not
differ significantly (P > 0.05) from the control group (51%). In C. batrachus extender HBSS
exhibited highest hatching (62.1 %), followed by M-HBSS with EY (51.6%), European Catfish
(46.3%) and M-HBSS (40.9%). The hatching rate in control was 90% in C. batrachus. The
results indicated that the two species differ in the protocol for sperm cryopreservation. The
paper presents successful cryopreservation of sperm with the production of viable hatchlings of
H. fossilis and C. batrachus for the first time. The protocol reported in the study can be used for
scaling up of seed production of these two catfish species.
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Introduction
Asian catfishes Heteropneustes fossilis (Singhi) and Clarias batrachus, commonly
known as (Magur) are commercially important air breathing fishes of Southeast Asian
countries especially in the Indian subcontinent. These catfishes are economically
important and prioritized species for aquaculture and fetch a good price. Cryopreservation
is a technique that allows preservation of biological material at a very low temperature,
particularly to keep the cells viable. Fish sperm cryopreservation technology has wide
application as a powerful ex-situ conservation and aquaculture tool to alleviate milt
related problem.
Fish sperm cryopreservation protocols are experimented for more than 200 finfish
species and have been found to be species specific with respect to the protocol parameters
(Rana, 1995). Some of the catfish species for which successful sperm cryopreservation
has been reported include Silurus glanis (L) (Marian and Krasznai, 1987), Channel
catfish Ictalurus punctatus (Guest et al., 1976), Pangasius sutchi (Withler, 1995),
P.hypophthalmus (Samorn and Bart, 2003), P.larnauduei (Samorn and Bart, 2006). In
catfish species, sperm cryopreservation can help to overcome inadequate availability of
milt, which is obtained through sacrificing male brood fish. Limited success on the
cryopreservation of H. fossilis and C. batrachus sperm has been reported based on
development of embryo up to a few stages of cell division and motility of post thawed
preserved sperm (Lakra & Krishna, 1997; Padhi and Mandal, 1995).
However, production of hatchlings is necessary to demonstrate an effective sperm
cryopreservation protocol. The present work evaluates the effect of different extender
composition through production of viable hatchling to obtain suitable extender
composition for sperm cryopreservation for both H. fossilis and C. batrachus.

Materials and Methods
Live H. fossilis and C. batrachus specimens were collected from local markets
at Lucknow, nearly five months prior to breeding season (June to August). Fishes were
maintained in 500 l capacity FRP tank for acclimatization and fed with chopped fish
and pelleted prawn feed at 3-5 % of body weight.
Both the fishes are seasonal breeders and developed secondary sexual character
during breeding season (June to August). Matured female fish having round and bulging
abdomen with reddish coloured bottom and round shaped genital papilla, whereas male
having conical elongated genital papilla with a pointed reddish tip. Mature male and
female fishes were kept in separate tanks 3-4 days before the experiment. For collection
of gametes the fishes were primed by intramuscular Ovaprim (Syndel Laboratory,
Canada) injection at 0.6 ml -1 Kg body weight (female) and at 0.3 ml-1 Kg body weight
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(male). After injection male and female fishes were kept in separate tank with showering
of water.
The fishes were incubated at 28oC for 15 hrs following the injection. As the
males do not readily ooze milt, testes were collected surgically. After removing the
extra fat tissue and blood, testes were cut into small pieces and macerated in mortar and
pestle with 1: 3.5 ratio of 0.9% NaCl solution (sperm: NaCl) and passed through bolting
silk (0.2mm). The pooled milt that exhibited more than 70-80 % motility was
cryopreserved in 0.25 cc French medium straws.
Four extenders Hank's Balanced Salt Solution (HBSS, Samorn and Bart 2003),
Modified HBSS (M-H BSS, Steven et al. 2006), Modified HBSS with hen's egg yolk
(M-HBSS with EY) and European catfish (Linhart et al. 1987) were tested in this
experiment with different combination of composition for both the species (Table.1).
Sperm diluents were mixed with extender and cryoprotectant in the ratio of 1:3.5:0.5
(sperm: extender: cryoprotectant). DMSO was used as a cryoprotectant @10% v/v final
concentration. The sperm suspension diluted with extender and cryoprotectant was filled
in 0.25cc french straws and equilibrated over ice for 10 min. followed by liquid nitrogen
(LN2) vapour exposure by horizontal freezing for 10 min and finally plunging in LN2.
Table 1. Composition of extenders used in cryopreservation of Heteropneustes fossilis
and Clarias batrachus sperm.
Extender
Chemical

HBSS

M-HBSS

M-HBSS With EY

European catfish

NaCl

137mM

137mM

137mM

200.15mM

KCl

5036mM

5036m

5036m

-

CaCl2

1.26mM

1.43mM

1.43mM

-

NaHCO3

0.35mM

0.72mM

0.72mM

-

MgSO4

0.41mM

0.41mM

0.41mM

-

NaH2PO4

0.34mM

0.68mM

0.68mM

-

Glucose

5.55mM

5.55mM

5.55mM

-

KH2PO4

0.44mM

0.44mM

0.44mM

-

Tris

-

-

-

333 mM

Egg yolk

-

-

2%

-
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Eggs were collected from female fishes by stripping method. For this fishes
were removed from water, their genital apertures wiped with a dry cloth and then eggs
were collected in plastic basins. For fertility experiment, three replications of each
extender as well as control were carried out. Good quality (100 µl) eggs were poured in
glass petri plates using micropipette and fertilized with two days old cryopreserved
sperm for the experiment. For thawing straws were taken out from LN2 and put in
water bath at 37 oC for 15 sec. and then sperm solution were mixed with eggs. Sperm
were activated by adding of 50 µl of water. After 2-3 min of mixing the fertilized eggs
were washed with well-oxygenated water. Post fertilization of eggs after two hrs, were
transferred to a flow through water system for incubation. Hatching occurred after
incubation of 20 hrs at 26oC.
All the experiments were carried out in three replicates. Statistical analysis
of data was carried using SPSS 12.0 version software. Results were subjected to oneway analysis of variance (ANOVA) at the significance level p≤0.05 after data was
verified for normal distribution of variance and Duncan's multiple range tests.

Results and Discussion
Fertility data indicated that the extender composition has significant affect on
the performance of cryopreserved sperm (one way analysis of variance; P<0.05). In H.
fossilis extender M-HBSS exhibited highest hatching percent (49.06±2.67 %), followed
by HBSS (42.76±32.0 %), M-HBSS with EY (37.46±24.34 %) and European catfish
(29.47±25.61%) respectively. The hatching value with cryopreserved sperm, in MHBSS extender did not differ significantly (P<0.05) from the control value of 51±7.24
% (Fig.1.-a). In C. batrachus the extender HBSS exhibited maximum hatching value
(62.09±9.74 %), followed by M-HBSS with EY (51.59 ±8.26%), European Catfish
(46.31±14.24%) and M-HBSS (40.90±4.54%). The hatching success in C. batrachus
was significantly lower than control value of 90±5 % (P < 0.05) (Fig.2.-b). In both the
fish species, addition of egg yolk was not found to exhibit any improved performance
of extenders. DMSO has been successfully used as cryoprotectant in another cultivable
clarid fish, Clarias gariepinus Wayman & Tiersch (2000) and Horvath & Urbanyi (2000).
Padhi and mandal (1995) reported sperm cryopreservation of these two species with
three different cryodiluents with glycerol as cryoprotectant; however, the embryos did
not develop beyond a few cell divisions. Nayak et al. (2006) achieved 10 % fertilization
using extender BWW (Biggers et al 1971) and 8% DMSO as cryoprotectant. The present
study demonstrated good rate of hatching success (>50%) in the two catfish species, H.
fossilis and C. batrachus using cryopreserved sperm. The comparison of results revealed
that optimum extender composition required for the sperm cryopreservation is different
in the two species.
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Figure 1. a. Heteropneustes fossilis

Figure 1. b. Clarias batrachus.

Figure 1. Hatching value (mean±sd) obtained with fresh sperm (control) and sperm
cryopreserved with 4 different extender compositions a. Heteropneustes fossilis;
b. Clarias batrachus

Conclusion
The present paper demonstrated the successful sperm cryopreservation of
Heteropneustes fossilis and Clarias batrachus using M-HBSS and HBSS respectively
with DMSO (10% v/v) as cryoprotectant with hatching success of 50 to 60 %.
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Abstract
The present study is the first attempt to use molecular tools for identification of marine
mammals in India. The objective was to develop a database of genetic sequences for future
marine mammal research in addition to confirming the species identity of cetaceans and dugongs
using a molecular approach. Partial sequencing of mitochondrial DNA loci was carried out in
accidentally caught/stranded specimens of Spinner dolphin (Stenella longirostris), Pantropical
spotted dolphin/bridled dolphin (Stenella attenuata), Bottlenose dolphin (Tursiops aduncus),
Long-beaked common dolphin (Delphinus capensis), Indopacific humpbacked dolphin (Sousa
chinensis), Risso’s dolphin (Grampus griseus), Finless porpoise (Neophocaena phocaenoides),
Sperm whale (Physeter macrocephalus), Blue whale (Balaenoptera musculus), Bryde’s whale
(Balaenoptera edeni) and Dugong (Dugong dugon). Molecular identification of species was
done by phylogenetic reconstruction of the sequences using portals GenBank and DNA
Surveillance. Apart from ratifying their morphological identification, the analysis was able to
distinguish specimens that otherwise, could not have been identified using conventional
approaches. Phylogenetic analysis of the Sousa-Stenella-Tursiops-Delphinus group indicated
more or less robust monophyly for all species in this complex, except Delphinus capensis. A
sister-group relationship for Sperm whales and Baleen whales was evident, that would place the
former closer to the latter than to any other group of toothed whales.
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Introduction
In cetaceans, morphological differences within and among species are often subtle
and difficult to compare because specimens are rare or their distributions are wide
spread (Baker et al. 2004). Identifying the geographical variants of recognized species
of cetaceans is even more cumbersome using conventional approaches, while molecular
genetics can provide significant advantages to develop a better taxonomic understanding
of inter and intra-specific variation for conservation and management purposes (Rosel
et al. 1999; LeDuc et al. 1999; Dizon et al. 2000; Reeves et al. 2004; Amaral et al.
2007). DNA sequence analysis has become a powerful tool for conservation – particularly
for identifying the source of samples thought to be derived from threatened or endangered
species. Only minute amounts of DNA are required, allowing for remote sampling.
PCR-based techniques technically are simple and rapid, making them practical for
conservation and population studies. In cetaceans, the technique can also be used
effectively for forensic identification of commercial products and verification of trade
records (Baker et al. 1996) and for identifying ambiguous beach-cast specimens (Reeves
et al. 2004). Illegal trade in animal/plant products is a common practice in some Asian
countries, where some endangered species are marketed in the guise of common ones
approved by authorized bodies such as, the International Whaling Commission (Dizon
et al. 2000).
In the Indian Ocean, it is still unclear how many species of cetaceans exist
there, due currently to the absence of any dedicated survey that has assessed their relative
abundances (Sathasivam 2004). Though extant cetacean species in Indian seas are
estimated to be 25, the number may be higher: further, lack of adequate field keys and
reliable inventory has resulted in several cases of misidentification (Kumaran 2002).
About 50% of stranded baleen whales have not even been identified to the species level
(Sathasivam 2004) while about 25% of reports on baleen whales were misidentified
(Kumaran 2002). For example, flipper to body length ratio, a trait used commonly for
identification of baleen whales can often lead to misidentification as in the case of Fin
whale and Sei whale, where it overlaps. Better resolution of taxonomic status will require
more discrete information to confirm species identification (Kumaran 2002).
Conventional approach, such as dependence on skeletal material to answer questions
about taxonomic status is often cumbersome or destructive. To date molecular tools
have not been used for identification of marine cetaceans and dugong in Indian seas.
The dugong (Dugong dugon) is endangered (Sathasivam 2004; Ilangakoon and Tun
2007) and to devise adequate conservation and management strategies for the species
of concern, it will be essential to study the population genetic characteristics of this
species across its natural distribution range (Moritz 1995).
Against this background, the present study was undertaken with a view to
generating species-diagnostic mitochondrial DNA (mtDNA) sequences for molecular
identification of cetaceans and Dugong from the Indian seas. A large number of mtDNA
sequences for cetaceans are available in two databases, GenBank (NCBI) and DNA
Surveillance. Molecular taxonomic identification of species is possible from the carcasses
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of ambiguous stranded specimens or even from tissues from unknown samples. The
present study will help designate any given sample to a species level, ultimately leading
to development of a robust inventory of these vulnerable/endangered groups of animals
in the Indian seas.

Materials and Methods
The locations of sample collection are furnished in Fig. 1 and particulars of the
samples including accession numbers of mtDNA partial sequences deposited in the
GenBank are given Table 1. Only
tissues collected opportunistically
were available for the study here.
Skin samples were obtained from
incidental fishery kills (Stenella
longirostris, n=16; S. attenuata,
n=1; Tursiops aduncus, n=3;
Delphinus capensis, n=2; Sousa
chinensis, n=2; Grampus griseus,
n=1; Neophocaena phocaenoides,
n=12; Dugong dugon, n=1) and
from
stranding
(Physeter
macrocephalus, n=1; Balaen
optera musculus n=1; B. edeni,
n=1). Tissue samples were taken
either from the dorsal fin or caudal
fluke and stored in 70% ethanol for
Figure 1. Locations of sample collection.
subsequent genetic analysis.
Total genomic DNA was extracted using a standard phenol-chloroform method
(Sambrook et al. 1989) with slight modification. PCR amplification reactions were
performed in a PTC100 (MJ Research) thermocycler in a total volume of 25 ml containing
10-100 ng of extracted genomic DNA template, 10 mM of Tris-HCl (pH 9.0), 50 mM
KCl, 1.5 mM MgCl2, 0.01% gelatin, 240 mM each of dNTPs, 1 U of Taq DNA polymerase
and 10-25 pM each of forward and reverse primers. The temperature profile for
amplifications were; an initial denaturation (940C) for 2 min followed by 35 cycles of
940C for 1 min, 540 - 570C for 2 min and 720C for 1 min and a final extension of 720C for
7 min. Initially, 4 primers designed for the mitochondrial DNA cytochrome b region
and 6 primers for the mtDNA control region (D-loop) were trialed (Table 2). Based on
their PCR consistency and robustness, the primers GLUDG-L/CB2-H and M13-Dlp1.5L/Dlp5-H were used for majority of samples in subsequent amplifications for sequencing.
Due to inconsistency of results, sequence data of mtDNA control region were not further
used for analyses.
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Table 1. Particulars of marine mammal samples examined during the present study
Sl.
Species
No
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41

Tursiops aduncus
T. aduncus
T. aduncus
Stenella longirostris
S. longirostris
S. longirostris
S. longirostris
S. longirostris
S. longirostris
S. longirostris
S. longirostris
S. longirostris
S. longirostris
S. longirostris
S. longirostris
S. longirostris
S. longirostris
S. longirostris
S. longirostris
Stenella attenuata
Delphinus capensis (?)
D. capensis tropicalis
Sousa chinensis
S. chinensis
G. griseus
Neophocaena phocaenoides
N. phocaenoides
N. phocaenoides
N. phocaenoides
N. phocaenoides
N. phocaenoides
N. phocaenoides
N. phocaenoides
N. phocaenoides
N. phocaenoides
N. phocaenoides
N. phocaenoides
Physeter macrocephalus
Balaenoptera musculus
B. edeni
Dugong dugon

Place & Date of
sample collection
Vizhinjam (5.11.04)
Chennai (4.10.04)
Chennai (12.10.04)
Kakinada (20.09.04)
Kakinada (20.09.04)
Kakinada (20.09.04)
Chennai (4.10.04)
Chennai (4.10.04)
Mangalore (8.9.04)
Chennai (4.10.04)
Chennai (4.10.04)
Chennai (26.10.04)
Chennai (26.10.04)
Chennai (26.10.04)
Chennai (26.10.04)
Chennai (26.10.04)
Chennai (26.10.04)
Chennai (26.10.04)
Cochin (15.9.07)
Chennai (12.10.04)
Kakinada (23.08.04)
Malpe (24.02.06)
Gangoli (24.11.05)
Mangalore (24.12.05)
Chennai (26.10.04)
Gangoli (25.11.05)
Gangoli (25.11.05)
Gangoli (25.11.05)
Gangoli (25.11.05)
Gangoli (25.11.05)
Gangoli (25.11.05)
Gangoli (25.11.05)
Gangoli (25.11.05)
Malpe (17.11.05)
Malpe (5.11.05)
Mangalore (1.12.05)
Mangalore (2.1.06)
Chennai (26.10.04)
Mandapam (17.7.06)
Mandapam (8.8.06)
Mandapam (29.3.06)

Sample code
Viz1
CHO4
CHO8
VRC/Dol/05
VRC/Dol/04
VRC/Dol/06
CHO2
CHO3
MNG 3
CH6
CHO7
CH9
CH10
CH11
CH13
CH17
CH18
CH19
COK1
CH5
VRC/Dol/03
MNG18
MNG 4
MNG16
CH15
MNG 5
MNG6
MNG 7
MNG 8
MNG 9
MNG 10
MNG 11
MNG 12
MNG 13
MNG 14
MNG 15
MNG 17
CHWI
M5
M6
M4

GenBank (NCBI) accession numbers
Cytochrome b
Control region
(CYB)
—
—
—
—
EF203451
—
EF203452
EF438307
—
—
EF057435
EF438306
—
—
—
EF438309
—
EF438303
—
EF438305
—
—
—
EF061406
EF438308
—
—
DQ364690
DQ364694
—
—
—
—
—
—
—
—
—
EF057441
EF057443
EF057439

DQ232769
DQ270184
EF203434
DQ270182
EF203445
EF057433
EF203446
EF203447
EF203448
EF057434
DQ232770
EF057436
EF203449
EF203450
EF446614
EF057437
EF057438
EF446613
EU204619
EF438304
DQ320765
EF061405
DQ364689
EF057445
DQ270178
EF203435
EF203436
DQ364692
DQ364691
EF203437
EF203438
EF203439
EF203440
EF203441
EF203442
EF203443
EF203444
DQ270180
EF057442
EF057444
EF057440
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Table 2. MtDNA primers used in the present study
Locus Primer sequence

Annealing PCR product Source of
temp (0C)
size range
primer
(bp)
sequence

Control
region

M13-Dlp1.5-L
(5’-TGTAAAACGGCCAGTTCACCCAAAGCTGRARTTCTA-3’) 54
Dlp5-H (5’-CCATCGWGATGTCTTATTTAAGRGGAA-3’)

Control
region

M13-Dlp1.5-L
(5'-TGTAAAACGGCCAGTTCACCCAAAGCTGRARTTCTA-3') 57

395-527

Dalebout
et al. (1998)

390-404

Dalebout

57

290-309

Dalebout
(2002)

54

421-530

Palumbi
(1996)

54

200-238

Dalebout
(2002)

Dlp4-H (5'-GCG GGW TRY TGR TTT CAC G-3')

Control
region

Dlp4-H (5'-GCG GGW TRY TGR TTT CAC G-3')
Dlp10-L (5'-CCA CAG TAC TAT GTC CGT ATT-3')

Cytochrome b GLUDG-L (5'-TGACTTGAARAACCAYCGTTG-3')
CB2-H (5'-CCCTCAGAATGATATTTGTCCTCA-3')

Cytochrome b

CYBMF-L (5'-GAACTATAAGAACACTAATGACCAA-3')
CYBMR-H (5'- GATTCAGCCATAGTTAACGTCTCGAC-3'

Purified PCR products were sequenced in an ABI 3100 PE automated capillary
sequencer and sequences were edited using Bio Edit ver 7.0.5.3 (Hall 1999), aligned
using the computer software Clustal W multiple alignment (Thompson et al. 1994) and
corrected by eye.
Morphology-based identification of individual marine mammals were
undertaken as per Rice (1998). Molecular identification of the sample was undertaken
in two steps: Initially a sequence similarity search of the edited user sequence was done
in BLAST (Basic Local Alignment Search Tool) contained in GenBank
(www.ncbi.nlm.nih.gov). Once it was confirmed that the tissue sample was from a
particular type of cetacean, species identity was searched with the database in DNA
Surveillance (www.cebl.auckland.ac.nz:9000/), that contains a comprehensive database
of mitochondrial DNA sequences from curated and mostly validated (by taxonomic
experts) species (Ross et al. 2003). Checking the higher systematic level (genus) of an
unknown sample first with BLAST search was important, because if a sample does not
belong to the order Cetacea, results of the phylogenetic identification may be misleading.
All sequences, after confirmation, were deposited in GenBank.
The input sequence data for phylogenetic relationships consisted of (a) all
individuals belonging to the “SSTD” complex (Sousa-Stenella-Tursiops-Delphinus)
(Reeves et al. 2004) and (b) all individuals of all species in the present study. Outgroups
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(i.e., more distantly related species) were used for rooting the trees to protect against a
mis-classification error. Both parsimony and genetic-distance based methods were used
to reconstruct inter-specific and intra-specific relationships. Maximum likelihood (ML),
maximum parsimony (MP) and neighbor joining (NJ) methods were all undertaken for
comparative purposes. NJ analysis was performed in Mega ver 3.1 (Kumar et al. 2004)
with distance matrix generated according to Tamura-Nei Gamma distance and with 500
bootstraps. ML and MP analyses were performed using the Phylogenetic Inference
Package (PHYLIP) ver 3.65 (Felsenstein 2005) with global rearrangement and outgroup
options (for ‘all individuals of all species’ the outgroup was a single cytochrome b
sequence of Dugong dugon generated in the present study and for SSTD cytochrome b
comparisons, one sequence of Grampus griseus and 2 sequences of Globicephala melas).

Results
Molecular identification versus conventional approach
Except in four cases, species identification using molecular techniques conformed
to that made using conventional morphological-based taxonomy. In one case, the tissue
sample (sample code MNG18) was identified to be from Sousa chinensis, but both the
BLAST search and DNA Surveillance searches identified the species as Delphinus
capensis unambiguously. In a second case, a specimen collected from Chennai (sample
code CH5), was earlier field-identified as Bottlenose dolphin (Tursiops aduncus), but
molecular taxonomic techniques clearly showed the species to be a Pantropical spotted
dolphin, also known as Bridled dolphin (Stenella attenuata). In another case, we had a
stranded baleen whale (sample code M6), that was putrefied beyond recognition. Genomic
DNA yielded from its fairly well preserved caudal fluke portion lead to its species
identification as Balaenoptera edeni (Jayasankar et al. 2007). Lastly, an unidentified
dolphin (sample code COK1) was marketed in a market at Cochin. The species was
recognized unambiguously as spinner dolphin (Stenella longirostris). Without molecular
approach, identification would not have been possible given the condition of the specimen.
Molecular identification
Primers GLUDG-L/CB2-H generated robust PCR product of mtDNA CYB
gene in all the five species with readable sequences ranging from 421 to 530bp. Particulars
of search results of sample sequences in the two databases are summarized in table 3.
Sequences of all the 10 species of cetaceans showed good bootstrap values in their
phylogenetic reconstruction clusters.
Spinner dolphin was the most common species in the present collections,
with 14 specimens coming from the east coast (Kakinada and Chennai) and 2 from the
west coast (Mangalore and Cochin), followed by Finless porpoise with 100% of
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individuals collected from the west coast of India. Between the 2 specimens of Longbeaked common dolphin, the sequence divergence was as great as 5.9% (data not shown).
Phylogenetic analyses
A perusal of the three phylogenetic algorithms of the Sousa-Stenella-TursiopsDelphinus complex (Fig. 2) indicates more or less robust monophyly with high bootstrap
values for all species in this complex except D. capensis, which appears to form
paraphyletic cluster with T. aduncus. When the CYB sequences of all 40 individuals of
10 cetacean species were analyzed using the lone dugong sequence as the outgroup, in
all three phylogenetic trees, all species except Delphinus capensis formed monophyletic
clusters (Fig. 3). Both specimens of the long-beaked common dolphin were placed close
in the tree to the bottlenose dolphin cluster. The monophyletic cluster of N. phocaenoides
was clearly separated from the delphinid group comprising; S. longirostris, S. attenuata,
T. aduncus, D. capensis and S. chinensis. Sperm whale, though belonging to Odontoceti,
appeared close to the two baleen whales, Balaenoptera musculus and B. edeni.
Table 3. Summary of molecular identification of marine mammals
Species

sequence homology
in GenBank (%)

Distance values closest
reference Sequence or in
DNA Surveillance

Remarks

Stenella longirostris

99-100

0.0025-0.0450

High bootstrap values

Stenella attenuata

99-100

0.0049

High bootstrap values

Tursiops aduncus

98-100

0.0010-0.0028

Good bootstrap support

Delphinus capensis

94-100

0-0.0573

In GenBank,100% sequence
homology with D. tropicalis
and 94-98% with D.
capensis1

Sousa chinensis

98-100

0.010-0.015

Good bootstrap support

Grampus griseus

97-99

0.005

High bootstrap values

Neophocaena
phocaenoides

99-100

0.008-0.011

High bootstrap values

Physeter macrocephalus 99

0.005

High bootstrap values

Balaenoptera musculus 98-100

0.003

Pygmy blue whale accessions
present in the cluster

Balaenoptera edeni

98-100

0.0084

High bootstrap values

Dugong dugon

97-100

--

--

1

See Discussion

Figure 2. Three phylogenetic algorithms obtained using Maximum likelihood (ML), maximum parsimony (MP) and
neighbor joining (NJ) methods.
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Figure 3. Three phylogenetic algorithms obtained using Maximum likelihood (ML), maximum parsimony (MP) and neighbor joining (NJ)
methods using Delphinus capensis as the out group
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Discussion
Though accurate estimates are not available, it appears that a few thousand
dolphins and porpoise may die of non-targeted fishing every year in India (Yousuf et
al., 2008). For addressing all issues impacting the cetaceans around India, their
unambiguous identification, inventory and cataloguing are essential. Kumaran (2002)
has pointed out several cases of misidentification of cetaceans committed by earlier
Indian workers who solely depended on conventional tool of taxonomy – molecular
approach can help address species identity through standardized comparisons.
Of the eleven species of marine mammals identified using molecular
taxonomy in the present study, ten were recorded by earlier workers from Indian seas,
except Delphinus capensis, which was reported previously as D. delphis (Kumaran
2002). The specimen of S. attenuata collected in the present study was initially
misidentified as Bottlenose dolphin in the field. From the photograph and body
measurements, the specimen of this species was confirmed as S. attenuata (William
Perrin, Patricia Rosel, Susana Caballero, Richard LeDuc, personal communications).
Molecular analysis confirmed its species status.
Intra-specific sequence variability of spinner dolphin examined in the present
study was very high (data not shown). The taxonomy of Stenella is a matter of ongoing
debate and presence of multiple subspecies of S. longirostris (Perrin 1990, Perrin et al
1999) could further complicate the scenario. DNA Surveillance itself recommends
caution on phylogeny-based molecular identification.
The earlier published studies from India have mentioned the bottlenose dolphin
species as Tursiops truncatus (Sathasivam 2004). However, it is now evident that the
species of bottlenose dolphin which is often killed accidentally in the coastal gillnet
fisheries is likely to be T. aduncus. We have sited T. truncatus in the oceanic waters off
Indian coasts while undertaking many cruises (data not shown). T. truncatus is larger
than T. aduncus and has a shorter beak. All the three specimens collected in the present
study showed closest genetic proximity to T. aduncus.
All the earlier workers have mentioned the species of common dolphin from
Indian seas as Delphinus delphis (Sathasivam 2004). But the species encountered in the
present study had a fairly long beak and based on the morphological features as well as
mtDNA sequencing, is identified here as either Delphinus capensis or D. tropicalis.
Jefferson & Van Waerebeek (2002) concluded on the basis of morphological comparisons
that the tropicalis form should be regarded as a subspecies of D. capensis and suggested
that the present species is most likely to be Delphinus capensis tropicalis (T. A. Jefferson,
personal communication). While one of the specimens in the present study had absolute
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genetic similarity with the one reported earlier by Leduc et al. (1999), the other one was
extremely divergent (long branch) and in DNA Surveillance was placed in a cluster
grouping two short-beaked common dolphins as well as one tropicalis form. We named
this specimen as Delphinus capensis with an interrogation mark (Table 1, sample code
VRC/Dol/03). Although the possibility of contamination of this sample is unlikely,
sequencing of a nuclear pseudogene, which came about as a replication of cytochrome
b cannot be ruled out (Mirol et al. 2000).
The present samples of Indopacific humpbacked dolphins were all from the West
coast of India, hence we could not verify the possible genetic differences between the
West and East coastal forms of this species. Populations along the two coasts are reported
to differ markedly in their body color and size of the dorsal hump (Sutaria and Jefferson
2004).
Species in the Sousa-Stenella-Tursiops-Delphinus complex are recently evolved,
closely related, and often confused (Reeves et al. 2004). Based on the cytochrome b
sequences, LeDuc et al. (1999) attempted a reclassification of this complex and observed
that a “comprehensive taxonomic revision of this group awaits further study”. The two
specimens of D. capensis examined here were widely separated in the MP and ML trees
and this result suggests that greater sampling of all species in this group will be required
before arriving at any conclusion on their relative phylogenetic positions. A sister-group
relationship for Sperm whales and Baleen whales is suggested by the results here and
this would place the former closer to the latter than to any other group of toothed whales
(Milinkovitch et al. 1994).
The relative small numbers of individuals analyzed in most instances here
means that the study cannot resolve the species identity issues of cetaceans. This study
is expected however, to instigate more investigations in the future. This first attempt on
molecular identification of cetaceans and dugong in Indian seas has clearly shown the
need for more studies of the phylogenetic relationships of those organisms to better
understand their evolution; and genetic variation vis-à-vis geographic distribution of
different species for the biodiversity conservation plans of these vulnerable/endangered
animals.
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Abstract
The “Sundarbans”, situated at the largest delta-face of Bhagirathi-Hoogly river systems
in India is declared as World Heritage Site (1984) for the largest mangrove forest and the only
mangrove tiger land in the world. It exhibits an excellent reserve of aquatic as well as forest
resources, co-existing as the most complex mangrove food web. With increasing local population,
aquatic resources of southern Sundarbans are being highly exploited by “Commercial Coastal
Fishing & Aquaculture”, practiced continuously by local fishermen, big businessmen and Multi
National Companies (MNCs) through years causing over-exploitation of commercially valuable
aquatic species like commercial prawn, carps, prawn seedlings, etc. This anthropogenic
interference into mangrove ecosystem of Sundarbans is achieving high economic profit at the
cost of high ecological loss. This paper has revealed and assessed severe environmental impact
of coastal fishing i.e. 1) loss of biodiversity 2) negative reflection of infra-structural development
3) increasing effect of trawling 4) effect of use of gill net 5) impact of coastal aqua-culture 6)
pollution in coastal waters 7) loss of mangrove species 8) overall estuarine water pollution etc. It
has also suggested a proper Environmental Management Plan in order to mitigate this man-made
disaster to ensure conservative use of local aquatic resources leading towards sustainable
development of the environment of Sundarbans.

Introduction
The Sundarbans is bestowed with a wide range of natural forest and aquatic
resources, offering the largest mangrove concentration with a great biodiversity and the
only mangrove tiger-land in the world. With increasing pressure of population, the vast
aquatic resources available in the core forest area of southern Sundarbans are being
continuously overexploited by intensive practice of coastal, estuarine and deep-sea
fishing by local fishermen, businessmen and MNCs. This commercial exploitation of
selected aquatic species (prawns, carps, prawn seedlings, etc.) is readily offering a high
profit to the population at the cost of high ecological loss to the environment of
*Corresponding Author : Tel.: +91 33 24494359, +91 9433010602
E-mail address: mdgeo2003@yahoo.co.in
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Sundarbans. Main objectives of this study are to investigate various modes of exploitation
of aquatic resources in estuaries and coastal Sundarbans, to reveal profound impact of
this exploitation and to chalk out a proper Environmental Management Plan (E.M.P) to
ensure sustainable development of the environment of Sundarbans in future.
Materials and Methods
Area Studied
Being a group of estuarine islands, Sundarban region is located at the delta-face
of Ganga-Bhagirathi river system in India. Indian part of the Sundarbans comprises of
9630 sq. kms out of the total 71885 sq.kms., covering six and 13 police station areas of
districts of North and South 24 Parganas, respectively, of the State of West Bengal,
demarcated by Dampier & Hodges Line towards North, Bay of Bengal towards South,
river Hooghly towards West and Ichhamati-Kalindi-Raimangal rivers towards East. Its
geodetic location stretches from 21o 30′ N to 22o 39′ N latitudes and from 88o 5′ E to
89o 09′ E longitudes.
Value of biodiversity in the Sundarbans
Everywhere in this universe ecosystem exists at a wide range of scales (Mather,
1986). In the unique bio-climatic zone of Sundarbans, Mangrove Ecosystem exists on
land in the dense forest as well as in estuarine water with extremely diverse plant and
animal communities closely textured in a symbiotic relationship of Mangrove Food
Web (Fig.1).

Figure 1. Mangrove Food Web
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Huge reserve of microscopic phyto-planktons under water and mangrove
vegetation with detritus of the forest has formed an extensively broad base of energyfixers of this food web. It can be well understood that if any of these baseline components
is found missing by any human intervention, the mangrove food pyramid existing in the
Sundarbans would obviously collapse in the long run, posing a great threat to the existence
of all top consumers, even human beings in the locality. Indiscriminate clearing off
mangroves for fuel wood and fishing boats, random collection of prawn seedlings for
commercial aquaculture, destruction of other non-commercial seedlings, damage to fish
population and their habitats by modern gears, coastal water pollution by industries,
etc. are gradually shortening the broad base of this food pyramid, endangering the
existence of all top consumers. This human intervention into Nature will surely cause
an irreparable damage to their very existence at the penultimate stage.
Location and nature of commercial coastal fishing
The Sundarbans at present enjoys an estimated water area under fishing and
aquaculture about 27085.39 ha. and 19390.73 ha. in it’s Northern and Southern parts,
respectively. Southern Sundarbans is the actual core zone of the forest lying in 13 blocks
covering 19390.73 hectares under commercial fishing and aquaculture. Tidal rivers,
creeks, estuaries and coastline of Bay of Bengal in Sundarbans offer a very rich reserve
of aquatic resource, which is being commercially exploited in the following ways.
Commercial Coastal and Estuarine Fishing
A number of individual, groups of commercial fishermen and MNCs are collecting
large-scale commercial catch from vast coastal, estuarine and deep sea zone of
Sundarbans throughout the year. Total commercial catch amounts 8388,2400 kg in the
year 1997-’98, as per primary data collected from field survey at five major fish-launching
stations of Sundarbans, shown in Table1.

Use of latest fishing crafts and gears like big bull trawlers, mechanized
boats, PVC (poly vinyl chloride)-made trawl, gill and bag nets, built-in slaughtingwashing units, artificial units are collectively helping in profitable export-based
fishing economy as well as in degrading the sensitive aqua-mangrove ecosystem
of Sundarbans.
Collection of Prawn post larvae
Large section of poor tribal population of Sundarbans especially, the females and
minors living far below subsistence level were engaged in the practice of spawn
collection of Penaeus monodon and Fenneropenaeus indicus, during daily tides
using unscientific gears like mosquito-nets.
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Table 1. Magnitude of commercial coastal fishing in southern Sundarbans
P. S

Canning

Total
Production
In Kgs
(1997-'98)
50,40,000

Diamond
Harbour

151,60,000

Kakdwip

No. of
Vessels

Distance of
Fishing trips

No. of Trips/
months

Trawlers-10
Mechanised
Boats-12

60 kms(monsoon), 7 daysx4
100kms(winter).
trips(monsoon),
15daysx2 trips
(winter).

Trawler-100

25 kms.

7days x 4 trips

Mechanised
boats-60

(monsoon),180
kms(winter).

(monsoon),
10days x 3
trips(winter).

Capacity
Of
Vessels

8000 kgs.

18,000
kgs.

435,40,000.

Trawlers-100, 80 kms.,
Mechanised
(monsoon)180
boats-2000.
kms (winter)

7 days x 4 trips,15
(monsoon),
15 Days x 2
12,000
trips (winter).
kgs.

62,22,400

Trawlers-200, 100 km.s
Mechanised
(monsoon), 180
boats-600
kms (winter)

7 days x 4 trips
(monsoon),
15 days x 2
trips (winter).

Trawler-200,
M.boat-500

10 days x 4trips, 8000kgs.
(monsoon),
15 days x 2
trips(winter).

Roydighi

Namkhana 1,49,200,00

70 km.s
(monsoon),200
kms (winter).

8000kgs
trips

Source : primary data from field survey at Namkhana, Kakdwip, Diamond Harbour, Roydighi &
Canning on 30.4.99, 25.4.99, 23.4.99, 1.4.99 & 14.4.99 respectively.

Coastal Aqaculture (‘Bheri’ Fishing)
Local fishermen have converted many coastal swamps into bheries i.e., artificial
enclosures for taking the tidal saline water in and out through sluices from nearby rivers
for commercial pisciculture. About 1392 bheries have covered 43,000ha. of the
Sundarbans (Sinha, 1998). Big bheries namely, Sundarban Aquatic Farms Ltd. at
Namkhana, Andrew Yule at Canning, Madhumita Aquatic Farm at Bakkhali, etc. are
producing commercial prawns by both semi-scientific and unscientific way for large
scale prawn export. The Survey conducted at Sundarban Aquatic Farms Ltd. on 10 July
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1998 revealed huge input of chemical fertilizers and pesticides, CaCO3 (eg.120kgs/acre
water area), MgCO3, Calcium Sulphate, urea, super phosphate, ready fish-food Bio-2,
into pond water to increase the productivity.
Fresh Water Aquaculture
In some parts, especially at the estuarine mouth where salinity is lowered by
fresh water discharge through rivers ’paddy cum fish cultivation’ were practiced. The
study conducted by CIFRI for four years since 1985 in Southern Sundarbans, recorded
the fish production of 1000 kg/ha in two crops along with paddy production of 3000 kg/
ha in one crop every year (Ghosh. et al.1985). Commercial production of L.parsia,
L.tade, R.corsula, L.calcarifer, M.gulio, M.rosenbergii, M.rude, M.brevicornis,
M.monoceros, P.monodon were obtained from these paddy-fields with sufficient
application of chemical fertilizers (urea, super phosphate, ammonium sulphate, potash)
and fungicides (Hinasan, Dimecron, etc) at the cost of destroying some ecologically
valuable indigenous fish species, locally named as Vada, Khalisa, Mourala, Nados,
Chanda, Khaira, etc.To achieve specific objectives of the study, methodological steps
were: a) Collection of secondary data from background literatures, Census reports, 1951
to 2001, Cadastral and Topographic maps, NATMO (National Atlas and Thematic
Mapping Organisation) and Satellite Imageries, 1996, 1997 and 1998, State Remote
Sensing Center, West Bengal, b) Retrieval of primary data from field survey following
purposive sampling method in five major fish-launching stations and fish markets of
Canning, Roydighi, Diamond Harbour, Kakdwip and Namkhana and interviews with
some experienced fishermen and trawler-owners at Canning on 14 April 1999 –(Mr.
Dulal Ghosh), Roydighi on 1 April 1999( Mr. Dilip Baidya, Mr. Budhhiswar Haldar),
Kakdwip on 25 April 1999(Mr. Kalinga Das, member of Fishermen’s Assn., Mr. Kironlal
Das, Fellow of Sagar Research Project), Namkhana on 30 April 1999( Mr. Bidesh Mondal,
Bablu Giri, etc.) and Diamond Harbour on 23 April 1999(Mr. Bishnu Halder, Secretary,
Fishermen’s Assn.), c) Collection of primary information from some experts concerned
named Mr. Harekrishna Debnath, Chairman, Mr. Gopinath Das, member, National Fish
Workers Forum (N.F.F) and Mr. A Choudhury, ex-professor, Marine Science, University
of Calcutta. d) Survey into a coastal aqua-cultural farm named The Sundarbans Aquatic
Farms Ltd. on 10 June 1998 and e) Processing and tabulation of primary and secondary
in formations.

Results
Intensive field survey has revealed a profound impact of commercial fishing on the
biosphere of Sundarbans and caused severe environmental degradation as follows:
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Loss of biodiversity
Many poor females and minors of Sundarbans are sustaining on unscientific
collection of prawn seedlings by mosquito nets. They destroy all other juvenile species
while sorting out prawn seedling alone, that are to be sold to commercial bheri-owners.
In 40 km stretch of Hooghly estuary from Kulpi to Namkhana, 5000 seed collectors of
21 villages operated 7000 nets. On an average, they collected 2500 seeds of P.monodon/
day (8 hrs) which is 28% of total mixed fry catch caught by them. Seeds of tiger prawns
alone were segregated and the rest were destroyed (Bhaumik et al.1992). As per another
study, considering 240 operational days, 181.4 millions of seeds of other uneconomic
varieties shell and finfish were destroyed by collectors during January to September,
1992 (Bhaumik et al.). CIFRI surveyed in 1996 at the estuaries of river Matla, Thakuran
and Saptamukhi showing annual loss of 456 millions other ichthyoplanktons (Banabithi,
1996). In six major estuaries of Sundarbans, during 1994-1998, the average annual
catch of seeds varied between 8174 and 10,062 no./net/day. After segregation of tiger
shrimps(2.9 –4.0%), rest of seeds were destroyed at estuaries of Hooghly(930.0 millions),
Matla(568.8 millions), Saptamukhi(775.0millions), Thakuran(233.4 millions),
Bidya(196.2millions) & Jhilla(160.0 millions)(Bhaumik et al.). This wanton killing of
other ecologically valuable baseline components can be considered as one of the most
effective factors causing a gradual narrowing down of the broad base of mangrove food
pyramid posing a great threat to all predators. It may lead towards an ultimate collapse
of entire foodchain in the long run. Field survey has already revealed an extinction of
chandana hilsa (last available before 25 years), sea-conch, chiruni and endangering
pangas, shark etc. in coastal Sundarbans, reported by experienced fishermen of
Namkhana, Kakdwip, Diamond Harbour, Roydighi and Canning during field survey
(Das,2002).
Impact of infrastructural development
In spite of a decadal development of infrastructure and increase in intensity of
fishing in coastal Sundarbans during 1977-78, 1987-88, and 1997-98 (Table 2), at random
commercial fishing and seedlings collection during the last 30 years is likely to have
contributed at least 50% shortage of total catch/ trawler/day. Fig.2 depicts the situation
at Kakdwip.
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Table 2. Decadal difference in fishing particulars in Southern Sundarbans
Fish-

No of

No of

No of

Fishing

Fishing

Fishing

Fishing

Fishing

Fishing

launching
Stations

Fishing
Vessels
1978

Fishing
Vessels
1988

Fishing
Vessels
1998

Distance
1978

Distance
1988

Distance
1998

Trips &
Days
1978

Trips &
Days
1988

Trips &
Days
1998

20 kms

80 kms

180 kms

&Days1998
Kakdwip

5 tripsx

4trips x

4trips x

5days

7days

7days

M.boats-

in 3

(monsoon) (monsoon)

2000

monsoon 2tripsx

Trawler-7,

Trawler-

Trawler

∗C.boats

200,

-1100,

-150,

M&C

♦M.boats- Boats300

Namkhana M.boat-

1000

months

Trawler Trawler- 15-20

60-80

200

Local

150,C.

-20,M

kms

kms

Daily

boats-

& C.

200.

boats-

100,

kms

M.boats

10 dats

15days

(winter)

(winter)

Fishing

-600

2tripsx

“

“

For
6 months

Diamond M.boat-

Trawler- Trawler- 15-20

60

180

Harbour

50, C.

50, M.

100,M

kms

kms

boats-

boats-

.boats

100

60,C

-100

kms

“

“

“

boats
-150.
Roydighi C.boats-

Trawlers Trawler- 8-10

100

-20,M.

200, M kms

boats-

.boats

boats

200,

-500

“

“
“

“

“

“

“

“

C.boats
-150
Canning

C.boats

Trawler Trawlers 10

60

100

-50.

-2,M.

-10, M

kms

kms

boats-

boats-12,

-6, C.

C.boats

boats

-150

kms.

100

Source : primary data from field survey at Namkhana, Kakdwip, Diamond Harbour, Roydighi
& Canning on 30.4.99, 25.4.99, 23.4.99, 1.4.99 & 14.4.99 respectively.
♦ M.boat – mechanized boat, ∗C.boat –country boat(manually operated).

164

Asian Fisheries Science 22 (2009): 157-167

Figure 2. Decadal decrease in the amount of catch/trawler/trip in spite of infrastructural
development in Kakdwip

Impact of Increased Trawling
Modern bull trawlers with 120 horse power engines are dragging bigger trawl net
through ocean-bottom to chase tiger prawns leading to destruction of on-bottom habitat
of prawn, other shell fishes, marine algae, seaweeds and plankton .This causes gradual
narrowing of the baseline of aqua-mangrove food chain. This is likely to have contributed
to the recent crisis of prawn seedlings and absence of some sea conch in coastal
Sundarbans .The degree of intensification of trawling in coastal Sundarbans may also
have an impact on the aqua-mangrove ecosystem.
Impact of using Gill nets
Fishermen of Sundarbans have started indiscriminate commercial exploitation
of shrimps of all sizes by modern pvc gill nets, instead of traditional cotton nets, for it’s
changeable mesh size, non-biodegradability, more hardness, endurance and invisible
sea water colour. But it is allowing increasing number of by-catch and immature catch
by fishermen of Sundarbans. This vulnerable exploitation leads to an undesirable
imbalance in the aquatic food chain of Sundarbans, ensuring future crisis of fish which
is also supported by experts concerned.
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Intensive Shrimp Monoculture & Coastal Aqua-culture
Intensive shrimp monoculture into bheries discharging toxic waste water is likely
to encourage flocks of fish away not to concentrate near the coastal Sundarbans.
Moreover, Fresh Water Aquaculture or ‘fish cum paddy cultivation’ is purposively causing
death to some ecologically valuable species of small indigenous fish, locally named as
Vada, Khalisa, Mourala, Nados, Chanda, Khaira, etc. which are quickly becoming
endangered in the vicinity of coastal Sundarbans.
Pollution in Coastal Water
Frequent oil leakage and regular washing of increasing numbers of petrol-operated
trawlers and vessels is causing water pollution near local sand heads. It is suspected by
local fishermen as an important factor for recent lack of fish gathering on those fishing
spots. As a case study, according to local fishermen no fish gathering is found nowadays
surrounding the sand heads near Diamond Harbour and population of Hilsa that enters
inshore from deep sea has also been reduced greatly at Diamond Harbour, once famous
site for Hilsa.
Estuarine Water Pollution
Rapid pace of industrialization and urbanization in the lower Bhagirathi-Hoogly
basin is specially polluting Hooghly-Matla estuarine mouth including Sundarbans by :
a) Urban Domestic waste : 1,125 million liters of waste water is discharged per day
through Hooghly estuary as per UNEP report and lower stretches receive sewage and
waste load of 396x106 m3 /h with annual runoff of 493 km3 (Sinha,1998), b) Industrial
waste from textile mills, chemical plants, pharmaceutical, plastic, detergent, jute, tire
factories, etc. of Hooghly Industrial Belt is highly polluting estuarine and coastal water
in Sundarbans (Sinha,1998), c)Agricultural waste containing residues of pesticides and
insecticides including chlorinated hydrocarbon and organophosphates is also major
polluting agent in Hooghly-Matla estuarine mouth (Sinha,1998), d)Petrochemical waste
from oil refineries & tankers, ships, fishing vessels, etc. is more acutely polluting Bay
of Bengal tanker route (0-69.75mg/m2) as compared to Arabian sea tanker route
(0-6mg /m2 )(Sinha,1998), e)Heavy metal pollution by industrial left-outs from 84
townships of lower Hooghly basin contains maximum concentration of arsenic, cadmium
and mercury along with manganese(732 ppm),nickel(49 ppm), copper(44 ppm), zinc(151
ppm), chromium(98 ppm) lead(32 ppm), (Sinha,1998). Overall estuarine pollution is
likely to have contributed to a great extent to recent unavailability and decline in local
fish population and much less concentration of estuary-loving Hilsa from deep sea
towards estuarine Sundarbans, once famous site for it.
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Discussion
This study has proved various anthropogenic mal-practices in coastal Sundarbans.
Now, this endangered ecosystem is waiting for conservative use of it’s resources to
attain sustainable development. It can only be achieved through a proper Environmental
Management Plan which should be directed to : 1) To conserve aquatic resources, local
population must switch over to alternative sources of earning, specially prospective
agriculture (paddy monoculture, oil seeds, red chilies, watermelons), agro-industries(oil
mill, rice mill, rice packaging & transport), household units(cotton net weaving, leafpackets manufacturing, rural grocery), forest based(honey collection, bee-wax, golpata
(local thatching material) and highly prospective tourism(providing job after training),
2)Local government should form Environmental Monitoring Cell to implement a)ban
of trawl net and substitution of it by ‘trammel net’, a naturally floating devise without
destruction of undersea fish habitats with much lesser amount of by-catches, b)
replacement of pvc gillnet by traditional biodegradable cotton nets with fixed meshsize to stop indiscriminate by-catches, to avoid ecological imbalance and to save a number
of traditional cotton net weaver’s families, c) rotation of fishing grounds to ensure
conservative use of aquatic resources, d) restriction of trawler routes only into deep sea
to minimize damage to under-sea fish habitats and e) ban of night trawling and monsoon
trawling to ensure undisturbed fish spawning and growth of seedlings, 3) Only ecofriendly practice of fishing may be allowed into exisisting bheries forming Joint Water
Management involving local people, Government and N.G.Os to follow strictly the
“Guidelines For Increasing Production & Productivity In Traditional & Improved
Traditional Systems Of Shrimp Farming”, published by Aqua-cultural Authority, Ministry
Of Agriculture, Govt. of India on 28 January 1998, under instruction of The Supreme
Court Of India and 4) Government of India should strictly take disciplinary action
against violation of related rules in Sundarbans. Though State Government has very
recently emphasized the production of watermelons, red chilies, oilseeds(experimentally)
and eco-tourism to some extent in Sundarbans, this is negligible compared to what is
actually needed for environmental sustainability in this area.

Conclusion
Survey into ecologically as well as economically resourceful area of Sundarbans
should be finally concluded with conservative use of aquatic resources as the best way
to achieve environmental sustainability in Sundarbans. It must aim at ensuring protection,
conservation and better management of resources which must not debar people from
using these resources but aims at a particular pattern of use of resources so that these
will neither be exhausted, nor polluted or destroyed. Ultimately, an E. M. P will only be
required to change human attitude towards Nature as well as economic development.
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Abstract
The five-island municipality of Tingloy is known for its coral reefs. However, these reefs
are being threatened by man-made stresses and natural disturbances. Thus, a methodological
framework was developed through the integration of scientific and indigenous knowledge in
determining and assessing the present status of coral reef ecosystem. This study aimed to facilitate
and encourage fishers' participation in the development process of the integrated methodological
framework. The framework was conceived by the combined efforts of fishers and the different
institutions in the area. The fishers were interviewed, and a smaller group from them was trained
and they participated in monitoring the coral reef environment for the whole year. The developed
methodological framework was applied and the condition of the coral reef ecosystem was
determined. The data gathered served as the baseline information of the coral reef environment
in the area, while the monitoring framework developed can serve as an overall guide for monitoring
activities in the future.

Introduction
The Philippines is blessed with one of the most diverse coral reef ecosystems in
the world as it lies in the region known as "The Coral Triangle". However, the Philippine
coral reefs are increasingly threatened ecosystems, as manifested by rapidly decreasing
coral cover, low fish populations, and reef productivity which has dropped by one-third
during the last decade (Jameson et al.1995). The damage that occurs to coral reefs is
usually the result of natural and man-made interference. Typhoon damage, blast fishing,
sedimentation and pollution are threats to this ecosystem. Added to that, social and
economic problems: poverty, over-population, low fisheries yield, overfishing, uneven
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distribution of wealth, low levels of environmental and social consciousness, and lack
of law enforcement, all contributed to the deterioration and exploitation of marine
resources (Gomez et al. 1994; Uychiaoco & Aliño 1995; Pomeroy & Carlos 1997;
Westmacott et al. 2000).
For the past 20 years, much has been done on coastal management in the country.
Efforts on coastal resource management involve government, non-government
organizations, local communities and resource users with emphasis on communities'
participation in the rehabilitation and conservation programs (Gutierrez et al. 1996;
Subade et al. 1998; Fernandez et al 2000; White & Vogt 2000). There has been an
increasing level of participation by local communities and resource users, particularly
the fishers in coastal management across the country, as evidenced by several cases
such as the stories of Apo Island, Banate Bay (Fernandez et al. 2000) and others. In
most of those projects, coastal management and monitoring has been done mainly by
scientists, and focused on biophysical and chemical aspects. Moreover, the scientists
also determined most of the monitoring guidelines and techniques. This situation makes
it difficult for fishers to be actually involved in monitoring activities. This is
understandable because of the lack of scientific training of these fishers. Thus, local
participation would usually be limited to patrolling while monitoring would be largely
done by the scientists.
Therefore, there is a need of encouraging participation down to the grassroots
level for monitoring and assessment since it is through this, one could determine the
status of the coral reef ecosystem and the effectiveness of a policy, a programme , or
management activity being implemented. This study aimed to facilitate and encourage
community participation in the development process of the integrated methodological
framework for environmental monitoring of coral reefs in Tingloy, Batangas. It also
integrated scientific and indigenous knowledge in determining and assessing the present
status of coral reef, reef fish and water quality in the area. The framework developed
could also serve as an overall guide for the monitoring activities to be undertaken by
coastal communities.
Conservation Measures in Tingloy, Batangas
Luzon, one of the most extensive coral reef ecosystems, and a favorite destination
of scuba divers is found along the municipality of Tingloy, Mabini and its vicinity.
Tingloy is located in Maricaban Island, Batangas, 120 km south of Manila. Tingloy is
situated in the southern coast, and the coral reefs are found along the western and
southwestern parts of Batangas Bay and in Maricaban Strait. The western side of Tingloy
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(e.g. Sepoc point., Sombrero and Caban islands), is considered one of the best diving
sites in the area (Uychiaoco & Aliño 1995). The coral communities of Mabini and
Tingloy are said to have traditionally supported rich near-shore fishing and in recent
years, a growing tourism industry. In the early 80's however, several factors began to
threaten the ecosystems of these areas (White & Vogt 2000). These factors are increased
fishing effort using destructive methods, uncontrolled coastal development, increased
visitation by scuba divers and day-trippers and increased pollution.
Due to the above threats, the Marine Parks/Reserve Development Inter-Agency
Task Force officially declared the Sombrero Island as a marine park and issued rules
and regulations to ensure its safety and protection from destructive human activities.
Various activities have been done for the improvement of the reef areas but these were
not sustained. Later, various organizations of the community, government agencies and
Non-government organizations have exerted efforts in the protection and management
of Anilao's reefs (Uychiaoco & Aliño 1995).
The WWF (World Wide Fund for Nature)-Philippines, locally called Kabang
Kalikasan ng Pilipinas (KKP) has been implementing conservation activities in Mabini
and Tingloy since 1998. It started by setting up community based, multi-sectoral, intermunicipal council, the Mabini-Tingloy Coastal Area Development Council
(MATINGCADC), which it envisions as the one which will eventually manage the
area's rich marine resources. To further ensure this, the project strengthened the coastal
law enforcers "Bantay Dagat" that the local council has organized. "Bantay Dagat"
patrols the municipal waters of Mabini and Tingloy every night until broad daylight to
increase the safety level and protection of the area from illegal fishers. Presently, the
Bantay Dagat of the two municipalities, which have passed a sisterhood agreement to
enhance collaboration in the conservation of their coastal natural resources, organized
themselves into a composite enforcement team which focuses on enforcing fishery laws
and ordinances. With the success in the enforcement efforts of Tingloy to curb illegal
and destructive fishing activities, members of the municipal council, Sangguniang Bayan
who are also members of MATINGCADC, are now considering on identifying and
declaring certain areas within their political jurisdiction as community-managed
municipal marine reserves (Dumaop 2000).
Establishing a community-based methodological framework on
environmental monitoring supports the WWF-Philippines project's goal of community
empowerment. In addition, the methodology and other data that were gathered from
this study could provide input to the coastal and fishery resources management plan,
which was being developed for the two municipalities of Mabini and Tingloy. Likewise,
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it may also provide input to the establishment of marine reserves in Tingloy.
Conceptual Framework
This study was conducted in the five islands of Tingloy, Batangas involving the
community and different institutions for the rehabilitation and conservation of marine
resources. The framework could be viewed as a system with several components,
interacting to come up with an integrated methodological framework for environmental
monitoring (Fig.1). The first component is the community, which is composed of the
fishers, who are the main residents, and the local government unit (LGU) in the area.
The data gathered through interviews with the fishers was incorporated in the framework.
The LGU constitutes the level of policymaking, governance and law enforcement that
authorized and supported community-level institutional and organizational management.
The second component comprises the institutions, which were equally important such
as the Provincial Government Environment and Natural Resources Office (PGENRO),
the academic institution and the KKP or the WWF-Philippines. The PGENRO and the
academe provided the scientific knowledge in the environmental assessment while the
role of KKP-WWF was measured through its past and present efforts as well as future
plans for the sustainable management of the aquatic ecosystem.

Figure 1. Conceptual framework of the Study.

The third component is the coastal environment specifically the extensive coral
reef ecosystem. The coral reef ecosystem of Tingloy becomes one of the most favourite
destinations of scuba divers; however, these were subjected to dynamite and cyanide
fishing in addition to oil spill and garbage in the coastal waters. The effects of these
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human activities cannot be determined due to lack of information on the present status
of the coral reef ecosystem. Thus, a monitoring framework was developed to assess the
condition of its coastal environment. In addition, the site was chosen as a study area
because of the growing concern of the community and WWF-Philippines for the
conservation of its marine resources. It is envisioned that the local community themselves
will eventually manage the area's rich marine resources.

Methodology and Research Process
The methodological processes for the development of the framework were shown
in Figure 2. Secondary data and other relevant information from journal articles,
published and unpublished materials were used to triangulate primary data derived from
the study. Some data were taken from research studies on coral reefs and reef fishes of
Tingloy, Sombrero Island and Calumpan Peninsula by Marine Science Institute of U.P.
Diliman. Based on this secondary information, the interview questions were refined to
enable the researcher to validate data gaps and further explained observations from
literature. Sources of secondary data were from school libraries, PGENRO, and KKP.

Figure 2. The research process for the development of the framework

Initial coordination with different sectors was undertaken to find out what is the
most needed in coastal/ coral reef management, identify data gaps, and request for
assistance from appropriate institutions. This was done through consultation with KKP
officials and local government officials. The study was also presented to PGENRO
officials. They were asked to assist in the water quality analysis of coastal waters in
Tingloy in order to determine the coastal water quality and classification.
Prior to other tasks such as the bio-physical survey and water quality assessment,
the mapping of the benthic community was undertaken following the methods done by
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Nievales (1997). This was done once during the preliminary stage of the study using
the manta tow technique (English et al.1994) to make an approximate estimation of the
extent covered by the coral reefs as well as its distribution in the identification of the
sampling sites.
The individual survey was conducted over a five-week period from June to July
2001 in Tingloy, Batangas. To gather the needed data, a structured and open-ended
interview schedule was administered to the fishers after it was translated to Tagalog
and pre-tested in Barangay Sulo, Mabini. The questionnaire consisted of 10 pages
divided into the following five sections: 1) demographic and socio-economic
characteristics of fishers, 2) fishing and resource management practices, 3) knowledge,
4) perception, and 5) attitude. In the last part of the questionnaire, the fishers were
asked if they were willing to participate in monitoring of coastal resources and the
reason for their answers.
The data from the social survey provided input in the identification of the major
problems to be addressed in monitoring. Out of the 26 problems identified, six major
problems were identified with the fishers for environmental monitoring.
Two-day training on coastal monitoring was conducted for the fishers. Out of
the 109 fishers interviewed, eight participated in the training-workshop. The five criteria
for the selection of participants in fishers's training are: 1) willingness to volunteer
without payment in the monitoring, 2) have at least a total score of 100 out of 128
points (on the perception, attitude and knowledge questions), 3) agree or strongly agree
to the establishment of marine reserves, 4) physically fit, and 5) able to read and write.

Based on the results of the reconnaissance conducted, five sampling sites were
identified for coral cover, reef fish and water quality assessment of the study. The five
sites selected can give a representative estimate of the status of the coral reef ecosystem
in Tingloy, Batangas. The criteria for the selection of the sites are as follows: 1) serve
as a site of baseline data of the status of coral reefs in Tingloy 2) serve as one of the
major sites for future monitoring activities 3) serve as one of the possible sites for the
establishment of marine reserve and 4) serve as one of the possible sites for protection
and rehabilitation programs. Fishers' preferences of the sites as a fishing ground and
where oil spill was observed were also considered. The results of manta tow survey
were integrated in the focus group discussion to finalize the selection of sampling sites
and appropriate sampling time for the wet and dry season of various physical, biological
and chemical parameters of the study.
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Coral and reef fish surveys were done during the month of March. Two fishers
were assigned for each site for the coral and reef fish survey. A line-intercept technique
and snorkel survey were used by the divers and fishers, respectively in the assessment
of coral reef and reef fish. Based on Gomez & Alcala (1978) studies, coral cover was
categorized as Excellent (75-100%), Good (50-74.9%), Fair (25-49.9%), and Poor (024.9%).
Water sampling of coastal waters was quarterly scheduled in the months of August,
November, February and June. Sample collection for each month was carried out by
two fishers for all the five sites over a one day period. Microbial, physical and chemical
attributes of the coastal water were determined with assistance from PGENRO.

Results and Discussion
Methodological Framework for Monitoring
The framework was developed through the participation of the community
particularly the fishers and various institutions; LGU, the non-government organization
as represented by the KKP, the PGENRO and the academe (Table 1). Coordination
with the fishers and institutions provided information of what must be done to the
coastal resources of Tingloy especially from the point of view of the community. Through
this, the KKP provided financial, logistics, and personal support for the development
and implementation of the study. The municipal government assisted in information
dissemination.
A feedback from the municipality was that there might be difficulty in conducting
a survey due to lack of barangay profile and one has to go to each barangay to gather
the needed data. The only means of transportation in the area was the use of boat
otherwise one has to walk for hours to reach other barangays. The Commission on
Election (COMELEC) officials provided the voter's list to ease the recollection of names
of fishers in each barangay. The fishers provided vital information on issues that affect
the coral reefs in Tingloy while the PGENRO agreed to analyze the coastal water of
Tingloy free of charge.
After the whole process of development was discussed and approved by the
community, a general survey of marine resources was agreed upon. A map was prepared
and the data collected during the reconnaissance was used as basis for the identification
of sampling sites. The personnel of KKP who were fishers in the area, assisted in the
preparation of the map. A total of 160 tows were done in the five islands of Tingloy in
a span of three days. About 91.25% have reef formation and only 8.75% have very low
reef formation and primarily a sandy area.

Table 1. Integrated methodological framework for environmental monitoring of coral reefs ecosystem and social system in Tingloy,
Batangas.
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However, a sampling frame is necessary to determine the identity and number of
fishers to be interviewed in Tingloy. Thus, the names of all fishers from each barangay
were enumerated upon request from their barangay captains. At least a week was given
for the Barangay captains to submit to the Chairman for the Committee of Agriculture
and Fisheries of Tingloy the list of all fishers in their barangay. Only seven out of 15
barangay captains were able to submit their list. A follow-up was done by going into
each barangay captains who were not able to submit their list. A copy of the municipal
voter's list from the local COMELEC was brought to ease the recollection of the names
of the fishers. Once the final list was completed, a stratified random sampling was used
to select the fishers to be interviewed. A total of 130 fishers were scheduled for interview.
In July 2001 personal interviews of sampled fishers were conducted in all barangays
except for Barangay Maricaban.
In Barangay Maricaban, the Barangay Captain informed the enumerators that the
fishers do not want to be interviewed because they have conflict with the local
government unit, with FRAVELLE (owners of the newly-built fish cages in their
barangay), and with non-government organizations (e.g. Haribon and KKP). The
objectives of the study were presented and explained to the Brgy. Captain, and he was
told that the results of the interviews will be given to the municipality. The enumerators
were then allowed to interview the fishers but were given cold responses by the latter.
Moreover, because of uneasiness and possible threat for the enumerators, the interview
for this barangay was called off and the sampled fishers were not included in the study.
Thus, only a total of 109 fishers were interviewed for the whole municipality of Tingloy,
not including the Maricaban fishers. Most of the respondents are residents of Brgy.
San Isidro, Brgy. Sto. Tomas, and Brgy. San Juan.
During the two-day training-workshop, results of the social survey were presented
to the fishers on the first day and they were asked to discuss the problems and issues
identified and to provide solutions for these. Monitoring indicators, sampling sites and
sampling time were also agreed upon during the workshop. A presentation about coral
reef ecosystem was also made to them. On the second day, methods on snorkel survey
of coral and fishes and water sampling were discussed with them. They were then
trained on how to do actual snorkel survey and water sampling. One of the limitations
in the number of participants is the limited fund considering that the activity only provided
food and transportation expenses and no extra allowance was given.
One of the important steps in the development process of the monitoring
framework is the identification of problems or issues. Each of the respondents in the
social survey was asked to determine problems in the coral reef ecosystem in Tingloy
and to provide management solutions to address these problems. The result was discussed
during the focus group discussion with the participants. The coral reef ecosystem of
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Tingloy is affected by both environmental and social problems. The six major problems
identified were poverty or low income among the municipal fisherfolks, overfishing or
overexploitation of resources, habitat degradation due to dynamite and cyanide fishing,
pollution due to the presence of considerable amount of garbage and oil in the coastal
waters, and storms or typhoon. Fishers identified all the seven issues or problems except
sedimentation. The problem of sedimentation was only realized based on the results of
the benthic life forms and total suspended solids readings of all sites. Different
management strategies were provided to solve these problems, which are caused by
anthropogenic and natural disturbances.
Monitoring indicators were identified during the focus group for each envir
onmental problem. Indicators were variables that change due to one or combinations
of factors or human actions. They are likely to change due to changes in the environment
or management. Indicators selected must be in accordance with the needs or interest
of the coastal community. Moreover, things or organisms in the coastal environment,
which need to be observed in several sites through time, were selected, per
recommendation or concurrence by the fishers. Possible monitoring indicators for
poverty could be the number of fishers and their health condition. Fish catch per unit
effort is another indicator identified by fishers for overfishing but this was not monitored
in the study due to time constraint. Additional physico-chemical parameters such as
pH, temperature, salinity, lead and mercury level were also included.
Five sampling sites were identified for coral cover, reef fish and water quality
assessment of the study. The five sites selected for monitoring were the Caban reef,
Macawayan reef, Bonito reef, Pisa reef and Sto. Tomas reef. Fishers preferences of the
sites as a fishing ground and where oil spill was observed were also considered. The
results of manta tow survey was integrated in the focus group discussion to finalize the
selection of sampling sites and appropriate sampling time of various physical, biological
and chemical parameters of the study. Coral reef areas in Balahibong Manok, Sombrero
and Maricaban were not considered as sampling sites. There are strong currents in the
first two areas while there is conflict with the residents in Maricaban.
Finally, sampling method and sampling period were finalized with the
involvement of fishers and various institutions in the actual monitoring. Fishers were
primarily involved in different aspects of monitoring. In summary, the contributions
of key institutions are as follows:
The LGU assisted in organizing and encouraging the municipal fisherfolks to
participate. The municipal government arranged activities with the fishers for their
interview, training-workshop, and actual monitoring. They also provided assisting
personnel to enable the researcher to familiarize themselves with the locality and the
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environment of Tingloy. The barangay captains of all the 15 barangays also assisted by
providing the lists of all their fishers, informing the selected respondents of their interview
schedule, as well as informing the participants of their monitoring schedule.
The Department of Environment and Natural Resources (DENR) through its field
office, the PGENRO has been regularly monitoring the water quality in Batangas Bay.
It is only in this study that the PGENRO started monitoring the coastal waters in Tingloy.
However, their analysis of marine waters have been limited and constrained to a few
parameters due to lack of necessary facilities and equipment in their laboratory.
The KKP provided the financial, personnel and logistics support. They gave
personnel assistance in going into each barangay and during the physico-bio-chemical
survey of the coral reefs ecosystem. Logistics support such as staff house, boat, and
diving equipments were also provided.
The most important contribution of the academe for the resource management of
Tingloy is the scientific method of monitoring. The academe together with the fishers
conceptualized the development process of the methodological framework for monitoring
of coral reef ecosystem in Tingloy, Batangas. They serve as facilitator in the study
especially in the integration of indigenous and scientific knowledge. The academe was
also the lead institution in the training-workshop of the fishers.
Status of Coral Reef Ecosystem
After its conceptualization and finalization, the methodological framework was
then applied to determine the status of the coral reef ecosystem in Tingloy, Batangas.
Coral Cover
A coral reef assessment using the line intercept method by divers and snorkel
survey by fishers were made. Gomez & Alcala (1978) categorization was used. All five
sites (Caban reef, Macawayan Reef, Bonito Reef, Pisa Reef and Sto Tomas Reef) were
categorized in fair condition by the fishers survey. On the other hand, diver's survey
showed only two sites, Caban reef and Makawayan reef in good condition with a 5074.9% coral cover while the rest of the sites were in fair condition (Table 2). Both sites
had high live hard coral cover among the selected sites thus it can be said that areas in
Caban reef and Makawayan reef are recommended sites for establishment of marine
reserves. However, some fishers are not in favor of the establishment marine reserves
and some will only allow it if alternative livelihood are provided for them. Considering
the sensitivity of the issue, it is better to conduct further consultation with the community
to arrive at a more acceptable plan for a marine reserve.
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Table 2. Benthic lifeforms in five different sites, Tingloy, Batangas, 2001
Benthic Lifeforms

Bonito reef
% Cover

Caban reef

Macawayan reef

Pisa reef

Sto. Tomas
reef

Live hard corals
Dead corals
Algae
Other Fauna
Abiotic reef
components

27.46
47.86
7.1
16.68
0.9

60.6
19.42
2.52
11.3
6.16

53.23
30.67
4.36
6.88
4.84

8.09
24.24
0.51
64.89
2.27

36.17
17.10
1.04
14.94
30.78

Though there are some discrepancies in the results of fishers's survey with the
divers' survey, the skills of the former could be improved through further training. The
discrepancies are understandable for the fact that different techniques were used. Fishers
also need more training in the identification of benthic life forms using the snorkel
survey method.
Reef Fishes
Reef fish visual census of the diver's could estimate the number, abundance and
biomass of fish in an area. This technique counts individual fish and estimates their
total lengths in order to determine the standing stock and population size structure of
specific species. On the other hand, snorkel survey of fishers could only estimate the
number and abundance of fish.
Fish Biomass
Among the five sites, Caban reef (59428.21g) has the highest fish biomass while
Pisa reef (12,372.34g) has the lowest. Other reef areas are as follows; Bonito reef
(49900.34g), Makawayan reef (36222.93g) and Sto. Tomas reef (25183.46g). Fish
biomass could not be determined from the fishers survey because it requires that fish be
identified at the species level.
Fish Abundance
The divers in all the five sites recorded about 31 families while the fishers identified
25 families. Diver's survey showed that Makawayan reef has the highest fish abundance,
followed by Caban reef. Pisa reef and Sto. Tomas reef has the lowest fish abundance.
By family, Pomacentridae had the largest contribution to the mean biomass, accounting
for more than 30% of the total biomass for each site. It is also the most numerous fish
group per individual counts for all sites. Fishers's survey on fish abundance per individual
counts was also highest for Pomacentridae. Pomacentridae is a very large family (White
1987) and considered as the most abundant in reefs (Manthachitra & Sudara 1991) thus
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their dominance in abundance and biomass is typical. The high biomass and abundance
of herbivorous grazers particularly that of Pomacentridae and Acanthuridae have keep
the algae population to a minimum and enhance the survival of coral recruits (Huston
1985 as cited in Nybakken 1993).
The difference in the result of the diver's and the fishers's survey might be due
the difficulty in identifying the scientific and English name of fishes recorded by fishers
in Tingloy. There were some fish whose English name cannot be identified. There are
also fishes recorded by fishers that cannot be found in the diver's survey such as fishes
that belongs to the family of Anguillidae whose individual is the largest fish recorded.
The family of tuna, Scombridae was also recorded by the fishers, but none by the divers.
It is suggested that a survey be conducted on the list of all fishes in Tingloy with its
common name, English name and scientific name identified so that there will be
uniformity in reef fish identification.
Another reason for the discrepancy in the results was the difference in the methods
used for sampling. Some fishers commented that there was difficulty for them to identify
small sizes of fish using snorkel survey thus they did not include those they could not
clearly identify. Unlike with the reef fish visual census used by the divers wherein
proximity with the fish is nearer thus identification and size approximation is easier.
Coastal Waters of Tingloy, Batangas
Based on their training, the fishers collected water from the different five stations
and the samples were analyzed by PGENRO except for microbial and heavy metals
analysis, which were done by the Department of Science and Technology and the National
Science and Research Institute, respectively.
In general, the water quality of coastal waters of Tingloy was still within the
DENR standard for Class SA coastal and marine waters except for some areas in the
total and fecal coliforms standard. Bonito reef and Sto Tomas reef are way beyond the
maximum DENR standard for coliforms. All sites have high total suspended solids
value for all quarters, which indicate the degree of sedimentation in Tingloy. Among
the five sites, the coastal waters in Sto. Tomas reef exceeds the allowable limit for Class
SA marine water. Sto. Tomas reef has the highest readings in oil and grease, Biological
Oxygen Demand, and fecal coliforms. It also has a high reading in total suspended
solids and total coliforms. The level of oil and grease in Sto. Tomas reef showed that
Tingloy was not spared from oil spill in Batangas. With these results, resort establishment
is not advisable along the coast of Sto. Tomas.
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Conclusion and Recommendations
The development of methodological framework for environmental monitoring
involved the participation of coastal communities (i.e. fishers) and its institutions. The
fishers identified the reef fishes through their common name, which is a contribution in
coastal monitoring. Some of the names of the reef fishes are only known in Tingloy and
could not be found in other coastal communities. They were also able to describe other
marine organisms in the area.
Fish catch was identified by fisher's as an important indicator in determining fish
abundance in the area. However, fish catch monitoring was not included in the study
due to time constraint. The fishers suggested that a fish landing area be established in
Tingloy so that fish stocks can be monitored and the price of fish can be regulated.
Snorkel survey method used by the fishers could provide a general estimate of
the benthic lifeforms in coral reef areas in Tingloy. However, snorkel survey is limited
to depth of 20 meters and identification is only until the benthic life form category of
corals. Identification at genera level and coral growth estimation were difficult using
the snorkel survey considering the distance of the fisher to the corals surveyed.
Reef fish visual census by the fishers was also limited to depth of 20 meters.
Very small fishes could no longer be identified at that depth. Reef fish identification
by fishers was only until the family level in estimating fish sizes and abundance. Fish
sizes were also estimated by inches by the fishers because they were more familiar with
the measurement. Results of fish sizes were converted to centimeters.
However, based on a careful analysis, it appears that the fishers need more practice
for biological survey of benthic lifeforms as well familiarization with the scientific
description of these substrate covers . In addition, consultation with the fishers is
necessary to improve the existing method or in trying another method like the pointintercept transect, which ever suits their capability.
In retrospect, the benefits in the development of the methodological framework
are the following:
1. The community and institutions are given a chance to participate and share their
indigenous and scientific knowledge.
2. The fishers are empowered in the development process of the framework.
3. The baseline characterization of the coral reef ecosystem is determined through the
combined efforts of the community.
4. The framework could serve as a guide that can be applied by other coastal
communities. Modifications may be made due to differences in human activities in
the area.
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On the other hand, the limitations are as follows:
1. Its application in other areas may be limited by the capacity of the fishers in the
area. Thus training of these fishers should be considered.
2. Its application would require going into the different components of the framework
and this would entail time and money. However, this framework could give a starting
point for the development of other methodological framework in other communities.
3. Not all indicators were monitored due to time and financial constraint.
4. In this study, some local names of reef fishes were not identified. It is therefore
recommended that a study be conducted for a uniform identification of reef fishes
with its local name, English name, and scientific name.
5. It was a desire to include all resource users and institutions from the community.
However, only few cooperated.
Finally, it is recommended for the municipality of Tingloy that water quality
analysis should include other parameters to characterize industrial waste. To reduce
sedimentation, individual families should plant trees. To facilitate establishment of
marine reserves, it needs an extensive study particularly focusing on what can be
advantageous to the fishers. Further training of fishers in monitoring with the use of
other indicators such as income, fish catch and fishing effort can be conducted and led
by Barangay Captains with assistance from the fishers and other sectors in the community.
Because each locality is unique by itself in terms of community resources, indicators,
sectors and human activities, the developed methodological framework can be used as a
guide in the development of other communities' methodological framework. The
community needs to go through the same process and identify its unique features.
Training of fishers and other participants is very important.
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Abstract
Abundance and seasonal variation of Macrobrachium rosenbergii seed in the natural
water bodies such as creeks and rivers have great influence on freshwater prawn farming.
Freshwater prawn farming is still heavily dependent on wild seed in India. Due to traditional
collection methods and poor handling, there is immense destruction of non-targeted species of
shell fishes and fin fishes. The present study was conducted on Amba river near Wakan dam in
Raigad district of Maharashtra. The wooden bamboo strip traps of size 60 cm long with 15 cm
outer circumference, locally known as “Bagala” or “Bokshi”, were used to collect the wild seed.
Approximately, 40 to 70 number of traps were operated by 22 fishermen per day for 4 to 5
months. Mortality of M. rosenbergii seed reported during collections was 2 - 3 %, while fish
seed (10 - 12%) collected along with prawn seed was used for consumption. It was observed that
53.47% of commercial prawn species was constituted by seeds of M. rosenbergii, 35.40% of
non-commercial prawn species and 11.01% of other fishes. Seeds of M. rosenbergii was used
for culture, while non-commercial prawn species and other fish seeds were used for local
consumption or destroyed during collection. It is therefore necessary to segregate only M.
rosenbergii seed and release local species of prawns and fishes back into the natural water bodies
to conserve the aquatic fauna.

Introduction
As seed of PL 20 size produced by hatchery owners is in very small quantities
and are costly, freshwater prawn farmers prefer to purchase wild – caught seed which is
larger in size and cheaper compared to hatchery seed. This intends seed collectors to
collect natural seed on large scale which causes heavy loss and destruction of seeds of
non-targeted fish and prawn species.
Traditionally the seed of prawn was collected with bamboo strips traps are locally
called as bagala or bhokshi. While collecting M. rosenbergii seed, the seed of nonCorresponding author:
E-mail address: prakashshingare@gmail.com
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commercial prawn and fish species were also caught. It was observed that there was
mass morality in the trap, which causes heavy loss every year. September to December
was the major period of seed collection 40-70 traps were operated per day, to collect the
seed of M. rosenbergii, along with non commercial prawn and fish species (Indulkar,
1995). The medical oxygen was not used by seed collectors tp pack the prawn seed on
polythene bags, which caused heavy mortality during transportation. The non-commercial
prawn and fish seed of small size was used for local consumption or thrown on the bank of
river (Latif, 2002). In this way, the natural fauna was destroyed during collection period.
Therefore the present study was undertaken to find out the level of destruction of
non-commercial prawn and fish seed, so as to conserve the natural stock of local fishes
and prawns.

Materials and Methods
The survey was conducted on Wakan dam constructed on Amba River of district
Raigad in Maharashtra for period of September to December in two consecutive years
i.e. 2005 and 2006 (Table 1). The samples were collected fortnightly during new moon
and full moon. At each day, twelve samples of traps were selected and observations
Table 1. Observation details of seed collection site, gears and season etc.
Sl. No.

Particulars

1.
2.
3.
4.

Name of the river
Name of dam on the river
Type of gears used
Size of gears /traps

5.
6.

Material used to prepared traps
Numbers of persons engaged in
operation of traps
Season of seed collection
No. of traps sampled in surveyed
Date
Seed collection time and duration
Traps operated in a day
Seed packing method

7.
8.
9.
10.
11.

12.
13.

Average mortality of prawn
seed during collection period
Mortality of fish seed
during collection period

Details
Amba river
Wakan dam
Bagala/Boskki/Mali
Length – 60 cm
Outer circumference – 15 cm
Wooden bamboo strips
20 - 22
October to Dec. 2005
12 Nos.
Night (18 hrs to 5 hrs)
40-70 numbers
After segregation of fish from prawn catch, seed
of prawn was weighed and sold to farmers @
200 /kg. The seed of prawn is packed in polythene
bags with 6 lit. water and oxygen with seed number
ranges from 250-300 in each bag.
2-3%
Mortality was nil, however, all the seed of fishes
were used for consumption
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such as total numbers of traps laid, catch of total juveniles and percentage composition
of different species of genus Macrobrachium and fish groups were recorded. The samples
collected were immediately preserved in 5% buffered formalin and transported to the
laboratory for species identification of prawn and fish (Indulkar, 2004; Fisher and
Whitehead, 1974). Observations were also made on average mortality of prawn groups
and average composition of fish groups.

Results
The average percentage of prawn and fish groups sampled in traps is shown
in table 2 and fig 1. It was recorded that 53.47% Macrobrahium rosenbergii spp.
were caught in traps as compared to other non commercial prawns (35.40%) and
fish groups (11.01%). In Macrobrachium genera, M .rosenbergii contributed highest
(53.47%) followed by M. idella (24.94%), M. scabriculam (6.84%) and M.
bombaynsis (3.62%) respectively. While in fish groups, Puntius sarana showed
highest percentage of catch. Abundance of M. rosenbergii was more in September
and October months as compared to other groups. During the collection period,
average mortality of prawn seed was 2-3%, while mortality of fish seed was nil, and
it was used for local consumption.
Table 2. Average percentage of species, prawns groups and fish groups sampled in traps
Sl.No.

Species Percentage

Specie wise
Average
percentage
in total catch

Percentage
Composition
of prawn
groups (%)

Percentage
composition
of fish
groups

1.

Macrobrachium rosenbergii

53.47

60.05

-

2

Macrobrachium idella

24.94

28.09

-

3

Macrobrachium scabriculam

6.84

7.74

-

4

Macrobrachium bombansis

3.62

4.08

-

5

Puntius sarana

4.38

-

38.73

6

Garra gotyla

2.16

-

18.17

7

Danio spp.

1.25

-

10.73

8

Ompok bimaculatus

1.21

-

12.51

9

Ambassis gymnocephalus

0.70

-

6.36

10

Aplocheilus lineatus

1.29

-

13.01
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Discussion
Due to demand by aqua farmers for
M. rosenbergii seed collectors are trying to
collect natural seed to the maximum extent.
The traps used for collection of seed of M.
rosenbergii in natural water also allowed
to enter the non-commercial prawn and fish
species in the trap. This resulted into
destruction of 46.41% of non-targetteed
Figure 1. Percentage composition of each
fish and prawn groups among the total wild
species in total catch
catch. The seed collectors expressed their
views that natural stock of fish and prawn species is decreasing every year since last 8
to 10 years. Bhoumik et al.(1993) estimated that 181.4 million undersized seed of fish
and shell fish were destroyed at the time of selective collection of tiger prawn in Hoogly
estuary of West Bengal, India. At study area, 53.47% of prawn seeds collected were
used for culture purpose, while 46.41% seed of non-commercial species collefcted from
wild during the season was unnecessarily harvested and destroyed. Hence aqua culturists
may reduce their dependency on wild seed by buying hatchery-reared seed. Latif
et al. (2002) reported that an estimated quantity of 90 billion other living organisms are
incidentally killed each year during shrimp seed harvesting. 1. to educate fishermen
about importance of conservation of non-targeted fish and prawn species during collection
of commercial M. rosenbergii seed. 2. To encourage the prawn farmers to prefer hatchery
seed and 3. To train the seed collectors to segregate. M. rosenbergii seed from the wild
catch.
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Abstract
The study area covered the northeastern part of Sakhalin Island, Russia. Photo-identification of the Korean-Okhotsk gray whale Eschrichtius robustus was conducted in summer-fall
2002-2006. The feeding areas included the nearshore area seaward of Piltun spit (Piltun area)
and an area offshore of Chayvo Bay (Offshore area). The photo-identification study was mostly
concentrated in these two areas but took advantage of opportunistic sightings outside these regions. In 2005 gray whales were observed in two new areas: an area adjacent to Levenshtern
Cape (Northern Area) and Elizabeth area in Severny Bay. No sightings were recorded in these
areas in the following years. In 2006 more focus was placed on the nearshore region seaward of
Chayvo spit where whales were sighted for the first time at depths 12-15m. During the 5 years of
observation in Offshore area, utilization by gray whales varied. Significant numbers of whales
were observed in the Offshore area in 2002 and 2003. Abundance of gray whale was recorded
much lower in 2004 and 2005. From 2002-2006, 63 whales were identified in both the Offshore
and Piltun areas both in the same year and in different years.

Introduction
There are currently two distinct gray whales (Eschrichtius robustus) populations:
the eastern (California-Chukchi or Eastern North Pacific) and western (Korean-Okhotsk
or Western North Pacific). The current state of both gray whale populations and their
distribution range are covered in an exhaustive review (Swartz et al. 2006). The eastern
gray whale population numbers were far more than the western population. There is a
small-scale whaling of eastern gray whales by aboriginal peoples in the northeastern
Russia (Krupnick 1984). The western gray whale population is currently of great concern.
These populations are considered to be critically endangered by the World Conservation
Union (IUCN) (Brownell & Chun 1977; Hilton-Taylor 2000).
Corresponding author:
E-mail address: yuriyakovlev@yandex.ru
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Much of the gray whale life cycle takes place in the coastal waters of densely
populated countries with a high risk of human impact on the environment (discharges of
domestic and industrial wastes, intensive fishing and maritime traffic, development of
oil and gas fields, large-scale mariculture and mass tourism). Western gray whales are
likely exposed to anthropogenic activity during all three stages of their life cycle: (1)
during whale reproduction in the southern part of their range, the location of which is
currently unknown; (2) during prolonged north-south migrations, the route which is
currently unknown; and (3) in their known feeding areas off the northeast coast of
Sakhalin Island, Russia. Over the last few years four female whales have been killed in
fishing nets in Japan (Brownell et al. 2007).
Oil and gas development is in proximity to gray whale feeding areas along the
northeastern coast of Sakhalin Island, especially during the summer migration period
and could negatively impact western gray whales (Meier et al. 2007; Yazvenko et al.
2007). Data are required to monitor the status and design appropriate measures to
minimize potential effects on the western gray whale population. Photographic
identification (herein referred to as Photo-ID) is a key tool in effective monitoring studies
and provides data for development of mitigation strategies and monitoring their
effectiveness. Photo-ID work has proven to be a useful tool for studying this endangered
populations of animals while minimizing the impact on individuals (Tyurneva et al.
2007).
The discovery of a new primary gray whale feeding area, the Offshore area
(Maminov &Yakovlev 2002) in September 2001, offered Institute of Marine Biology
researchers an opportunity to study whales in detail in this area for the first time in 2002
and to determine whether there were movements of whales between the two feeding
areas.

Materials and methods
Study area
The study area covers the entire northeast coast of Sakhalin Island (Sea of
Okhotsk, Pacific Ocean), including the Piltun feeding area (52°40’ N to 53°30’ N)
stretching along the shore of Piltun Bay at depths from 0 to 35m, and the Offshore
feeding area located offshore of Chayvo Bay (51°50’ N. to 52°25’ N) at depths of 3560m (Fig. 1).
Photo-ID effort was concentrated in these two feeding areas, but whales were
also photographed opportunistically, if encountered outside of these regions.
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Field photo-identification
The vessels “Nevelskoy”, “Professor Bogorov” and “Akademik Oparin” were
the base ships for photo-ID and other parts of the monitoring program, including vessel
surveys of marine mammals, acoustic monitoring and prey studies.
Visual observations of marine mammals were conducted from the base vessel
during daylight hours in all types of weather. Photo-ID was conducted from a 3.8 m
long zodiac with a 45 HP four-stroke Mercury outboard motor. The zodiac was deployed
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from the base vessel when gray whales were encountered. Photos were also taken
opportunistically from the deck of the base vessel when other monitoring activities
were being conducted (i.e. prey sampling, distribution surveys, acoustics).
A Nikon D1X or D2X digital camera with a fixed 300 mm f/4 telephoto lens or a
Nikkor 80-400mm zoom lens with image stabilizer (VR) was used for photography. The
photographs were recorded at a high resolution setting in large RGB JPEG format.
Video footage was recorded using a Sony DSR TRV 730 (Digital 8) or Canon Optura 20
mini DV digital video camera.
Upon initial sighting of a whale, the driver slowed the zodiac to idling speed to
assess initial conditions and whale behavior. Once established, the zodiac maneuvered
safely to a vantage point to obtain ID photographs of the subject animal. The frame and
video recording counter numbers in reference to the whales identified, the position, the
depth, the temperature (at the sea surface) and salinity of the water, the distance to the
whale, and the course according to compass readings, the time, behavior, number of
whales in the area, direction of their movement, the presence of killer whales, and passing
vessels, airplanes or helicopters in the observation area were recorded. The presence of
feeding mud plumes was also recorded. The data was recorded during each mission and
each photo session as the parameters changed.
Contact with a group of whales was maintained until all the individuals sighted
had been photographed, if possible, or after approximately one hour, regardless of the
number of aspects photographed, to avoid disturbance to the animal over an extended
time period. Whales were photographed in sequence, from head to fluke on both the
right and left sides, and the dorsal and ventral fluke surfaces. Priority was given to
photographing the right and left sides of each whale, as fluking tendencies vary with
individual behavior and foraging depth. Traditionally the right and left flanks have been
considered for standard identification in photo-ID of gray whales. The surfaces of the
flukes were considered as a supplemental view to aid in identification in an attempt to
improve recognition accuracy.
Photo and video analysis
Standard photographic matching procedures for pattern-based matching of flanks
and flukes were followed as described in the International Whaling Commission Special
Issue No. 12 (Hammond et al. 1990). Identification numbers were not assigned on the
basis of fluke photos that could not be matched to corresponding right or left side images
of known whales.
Since 2005, I-Match software has been used for storage and processing of the
2002-2006 database. Digital photographs of whales were processed for subsequent
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identification work and updating the gray whale database using the Adobe Photoshop
and Adobe Illustrator software packages. The best photographs of each sighting were
printed and compiled into a pre-catalogue portfolio.
Confident left to right side matches were established based on the following
criteria: 1) the whale was photographed as a solitary individual; (2) two sequences were
compared with flukes in common for a single sighting; and (3) as a final check to
compare matches and assist with right to left matches, whale knuckle height, spacing
and ratios were considered (S. Swartz and M.L. Jones pers. comm.). Whale body
pigmentation was the primary feature used to distinguish individuals, with scars and
barnacle patches supplementing the matching process.
All images were then compared with all of the “best” type-specimen photographs
of existing whales from the 2002-2006 period to establish the recurrence of sightings of
the same whales and to ensure that no duplicate individual whales were included in
either the previous year’s catalogues or the current pre-catalogue. Video data have only
been used as an ancillary aid to assist in solving any discrepancies with whale sightings
and questions about body condition.

Results
The frequency of encounters with identified individual whales during the entire
survey period is important in determining how much movement of whales occurs between
these two areas.
In 2002, photo and video imagery data were taken over a course of 13 days. A
total of 21 encounters in Piltun area were recorded, including repeat encounters (sighting)
of individual whales. A total of nine days, consisting of 51 encounters with gray whales
were spent in the Offshore area. A total of 72 encounters with gray whales (field data
with repeat encounters) were recorded during this time - 66 whales were identified
(Table 1).
Table 1. Inter- and intra-year frequency of sightings of identified gray whales (IDW),
2002-2006.
Year

2002

2003

2004

2005

2006

Number of IDW sightings*

66

154

228

384

390

**

46

82

96

118

126

1.43

1.88

2.38

3.25

3.1

Number of IDW per year

Average frequency of IDW
sightings

* - including repeat encounters with individuals
** - these values include temporary whale sightings
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According to our data from 2002, only one whale was documented in both the
Piltun and Offshore feeding areas in the same season (Table 2, Fig. 2a).
Table 2. Gray whale movements between feeding areas, 2002-2006 (numbers in
parentheses are counts of animals sighted only in this area and never seen in other
surveyed areas)
Year

Number
of whales
identified
in Piltun
area

Number
of whales
identified
in Offshore
area

Number
of whales
identified
in both
Piltun and
Offshore
areas

2002

12(11)

35(34)

1

2003

51(47)

35(31)

4

2004

95(89)

7(1)

6

2005

115 (112) 7 (2)

5

2006

105 (67)

16

33 (14)

Number
of whales
identified
in Chayvo
area

28 (7)

Number
of whales
identified
in Chayvo
/Piltun and
Chayvo/
Offshore
areas

19 / 1

Number
of whales
identified
in northern
areas

Number
of whales
identified
in Chayvo
/Piltun/
Offshore
areas

5 (1)

4
2

Figure 2. Photo-identification sightings along the northeast coast of Sakhalin Island in
September 2002-2006 (A-D).
From 7 August to 19 September 2003 there were 214 encounters with gray whales.
Analysis resulted in the documentation of 154 sightings of 82 individual whales (Table
1). In the Piltun and Offshore feeding areas, 51 and 35 individual whales were observed,
respectively (Table 2, Fig. 2b). Four individual whales were observed in both the Piltun
and Offshore feeding areas.
It is interesting that on 15 August one gray whale was encountered in the Piltun
area, observed again on 7 September in the Offshore area, and 12 days later again in
the Piltun area.
It is important to note that our team spent limited time in the Piltun feeding area
for parts of two feeding seasons in 2002 and 2003. As additional data are collected, it is
likely that a significantly higher percentage of the whales observed in the Offshore area
will have been sighted at some time in the Piltun area and vice versa.
In 2004, during the 24 days in which photo-ID was performed from the zodiac
and the deck of the research vessel, only four days were spent in the Offshore area.
Between 7 August and 1 October, there were 170 encounters (sightings) with 228 gray
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whales, including repeat
sightings (Table 1, Fig. 2c). Of
these whales, 220 were sighted
in the Piltun area, while 8 were
sighted in the Offshore area.
During the laboratory
identification process, 95 and
7 individual gray whales were
identified in the Piltun and
Offshore feeding areas,
respectively (Table 2). Six
individuals sighted in the
Offshore area were also
observed in the Piltun area
during the same season. Of the
eight whales identified in the
Offshore area in 2004, two
whales were identified in two
areas in the same year for the
first time. The others had been
described previously in 2002
and 2003 as only having been
sighted in the Offshore area.
Between July and
October 2005 there were 186
encounters (sightings) with
Figure 2. a
Figure 2. b
453 gray whales, of which
384 whales were identified,
including repeat sightings (Tables 1, Fig. 2d). Of these, 370 whales were sighted in
the Piltun area, 8 in the Offshore area, 4 in the area north of the city of Okha (North),
and 2 beyond Cape Elizabeth, in Severny Bay (Fig. 2d). Small groups of gray whales
were observed in the northern locations where they had never been seen in previous
years.
During the laboratory identification process where repeated sightings were
excluded, a total of 115 and 2 gray whales were identified in the Piltun and Offshore
feeding areas, respectively, 4 in the North area, and 1 at the Cape Elizabeth site. Two
animals sighted in the Offshore area were also seen in the Piltun area during the season,
three from the North area were also recorded in the Piltun area during the season, and a
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Figure 2. c

Figure 2. d

Figure 2. e

whale sighted beyond Cape Elizabeth was new to the catalogue and was sighted only
once and only in that area (Table 2).
During the photo-ID surveys in the 2006 season (from 14 August to 9 October)
in northeastern shelf of Sakhalin Island there were 390 sighting with identified gray
whales recorded (Table 1, Fig 2e). In the Piltun area, 301 gray whale sightings were
recorded during the same season of 105 individual whales, of which 67 were sighted
in 2006 only in the Piltun area. A total of 56 gray whale sightings were recorded in the
Offshore area of 33 individual whales, 16 of which were also observed in the Piltun
area and one in the Chayvo Bay area. In the nearshore waters at depths 12-15m adjacent
Chayvo Bay, 33 sightings were recorded of 28 individual whales. Seven of the identified
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animals were sighted in this area only; 19 animals were also sighted in the Piltun area
and one in the Offshore area. Two whales were sighted in all of the three areas during
the same season (Table 2).
During 2002 – 2005 years of photo-ID effort, use of the Offshore area by gray
whales varied in intensity. In 2002 and 2003, there were significantly more animals in
the area as compared to 2004 and 2005 (Table 2). In 2006, gray whales began appearing
in the Offshore area at the end of August, during which five individuals were identified.
By mid-September, the number of sightings increased and we were able to photograph
and identify 17 animals. In 2006, none of the identified whales were seen in the more
northerly areas where five individuals were recorded in 2005. A total of 147 whales
were identified over the 2002-2006 seasons (Table 3).
Table 3. Numbers of whales identified, 2002-2006.
Year

Number
of whales
(annual
total)

From
2002

From
2003

From
2004

From
2005

A

B=C+D+
E+F+H

C

D

E

F

2002

45(1)*

2003

82

35

2004

95(1)*

39

32(1)

2005

117(1)*

41

39(1)

18

2006

120(6)*

42

37

15

Number
of new
whales
during
a year

H

Number
of whales
from
previous
years, not
encountered
this year
I

45(1)

14

Number
of whales
in the
catalogue

G=B+I
45(1)*

47

10(1)

92(1)*

24

21(1)

116(2)*

19

18(1)

135(2)*

12(6)

27(1)

147(7)*

*- numbers in parentheses are counts of individuals with temporary identification numbers

Over this survey period 63 whales were sighted in both the Piltun and Offshore
areas during one or over several years.
As we can see from the results given, repeat sightings of whales and photographing
of whales over the course of a day, as well as sightings of the same whales over the
course of a season, provide important data on the habitat use of the whales within their
feeding areas and the dynamics of their visits to these areas.

Discussion
According to preliminary photo-identification results, 147 individual gray whales
were identified during the 2002-2006 period (Tyurneva & Yakovlev., unpubished data).

200

Asian Fisheries Science 22 (2009): 191-202

Keeping sighting data current also maintains up-to-date site-fidelity records on known
whales and whale groups which are important baseline information to compare if future
geographical or temporal shifts occur in the whales feeding areas or feeding patterns
(Yakovlev and Tyurneva 2005 a,b). The geographical shift of utilization of the Offshore
feeding area in 2002, 2003 and 2006 to the Piltun feeding area in 2004 and 2005
demonstrates that continuous monitoring of the whales and their movements is needed
to track these spatial patterns.
The results of analysis of the 2002-2006 data point to inter- and intra-year
movements of gray whales, both within the Piltun and Offshore areas and between
these areas, and, as discovered in 2005 and 2006, movements into areas farther north
and south. Information about the whales’ movement between areas over the course of a
single season can only be provided by repeat sightings of individuals recognized during
the same season. Single gray whale sightings in one area during a season with subsequent
re-sightings of the same animal in the other areas in successive years have also been
recorded.
If the western population of gray whales is truly isolated in geographic and genetic
terms (LeDuc et al. 2002), significant changes in abundance in one region must be
accompanied by proportional changes, albeit in the opposite direction, in the other region.
Recent observations of foraging gray whales south of Piltun Bay and identification of
individual gray whales in other areas of the Sea of Okhotsk indicate that seasonal changes
in gray whale range call for additional studies (Tyurneva et al. 2007 b).
Seasonal changes in whale distribution have been described in numerous studies
and are considered to be a response to seasonal variations in the habitats and movements
of whale prey (Payne et al. 1986; Calambokidis and Quan 1997; Karczmarski et al.
1999). Eastern gray whales feeding along the west coast of Vancouver Island, Canada,
rotate feeding areas and prey types within and between summer feeding seasons as a
function of distribution and abundance of their prey (Dunham & Duffus 2001).
The distribution of feeding eastern gray whales along the west coast of North
America is variable within and between years with whales utilizing areas from northern
California to southeast Alaska from spring to fall involving significant interchange of
individuals between areas with variable use of habitat within and between years
(Calambokidis et al. 2002).
Recent research has indicated that eastern gray whales are not exclusively benthic
foragers but are rather dynamic and selective foragers capable of utilizing a variety of
prey types and foraging tactics, switching between prey species and techniques rapidly
in order to take advantage of short-term availability of food resources (Dunham and
Duffus 2001; Moore et al. 2003; Tyurneva et al. 2006).
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Conclusion
Analysis of the inter- and intra-year frequency of sightings of identified whales
in 2002-2006 is of particular interest. A better understanding and statistical substantiation
of whale movements both within a single feeding area and between areas, as well as
how the feeding areas are used, can be obtained only after accumulation of additional
data in further studies and their comparison with benthos data, since use of a particular
feeding area by gray whales within a single and between two feeding seasons may have
to do with prey preferences.
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Abstract
Allometry and condition index of freshwater bivalve Parreysia corrugata (Muller)
inhabiting the river Kempuhole, tributary of river Nethravathi, in the Western Ghats were examined
from April 2005 to May 2006. The length-breadth and length-width relationships for the entire
study period were L = 2.314 + 0.585B and L = 1.907 + 0.333W respectively. The b values of
length-breadth and length-width relationships varied from 0.5518 (March 2006) to 0.6519 (August
2005) and 0.2986 (July 2005) to 0.3735 (August 2005) respectively. The relationships between
length-total weight, length-wet weight, length-shell weight and length-dry weight were W =
0.0003428L 2.777, W = 0.00004197L 2.885, W = 0.0001738L 2.802 and W = 0.00001127L 2.832
respectively. The monthly equilibrium constant values of length-total weight relationship ranged
from 2.606 (July 2005) to 2.945 (August 2005), where as for length-shell weight relationship,
the values ranged from 2.691 (May 2006) to 3.1 (August 2005). The best values fluctuated
between 2.781 (June 2005) and 3.58 (July 2005) for length-wet weight, while the values for
length-dry weight fluctuated between 2.665 (April 2006) and 3.668 (October 2005). The monthly
values of equilibrium constant indicated the relative growth in body weight of P. corrugata. The
values of condition indices showed significant fluctuations. The highest condition index (15.1)
was recorded during April 2005 where as the lowest (4.4) was in January 2006. The data indicated
that the condition of mussel was fairly good from April to August 2005. The best time for
commercial exploitation appears to be during this period. The condition index showed decreasing
trend from September onwards and reached the lowest value during January. Thereafter, the
condition gradually increased. Seasonal fluctuation of condition in P. corrugata was probably,
related to reproductive activity. The ambient environmental variables and biological variables of
P. corrugata revealed that a total of 5 component which accounted for 94.24% of total variance.
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Introduction
Allometry is the study of consequences of size and shape. In allometry, the
relationship between the two parts of same organism over a wide size range is calculated
(Reiss 1989). The influence of proximate factors will cause differences in the intercept
and slope of the allometry. In allometric length-weight relationship the variation in
equilibrium constant represents the growth in weight than that of length and provides
information on the physiological deviations in condition of bivalves. Relatively large
variations in meat content occur in bivalve mollusks depending upon the physiological
condition and variation in environmental parameters (Wilbur & Owen 1964). Allometric
relationships and condition index of several marine bivalves along the Indian cost have
been reported. The information on allometry and condition index of freshwater bivalve
from India is meager (Desai & Borkar 1989). However, a few reports are available on
the various aspects of biology of freshwater mussels from India (Nagabhushanam &
Lomte 1971; Narian 1972; Nagabhushanam & Lohgaonker 1978; Lomte & Jadhav 1980
and Moorthy et al. 1983). Freshwater mussels are consumed by human beings and play
a very significant role in benthic ecosystems. Local tribal people residing on the
riverbanks also eat these Parreysia corrugata. Though P. corrugata are not commercially
very important from the viewpoint of food source, these mussel support small fisheries
in other part of India and is a potential candidate species for freshwater pearl production.
Further Parreysia spp. is known to have medicinal importance (Dey 2007). There is a
dearth of biological information on Parreysia corrugata inhabitating Indian freshwater
bodies. Hence, an attempt has been made to understand the allometry and condition
index in Parreysia corrugata inhabitating the river Kempuhole, tributary of river
Nethravathi, in the Western Ghats of Karnataka.

Materials and Methods
Samples of freshwater bivalve Parreysia corrugata were collected at monthly
intervals from the river Kempuhole (75°26′49′′ N, 12°46′3′′ E) at Hosmata, near
Subhramanya town from April 2005 to May 2006. A total of 3,339 individuals ranging
from 13 to 53.7 mm size were individually measured for shell length (maximum anteroposterior distance), breadth / height (maximum distance from hinge to ventral margin)
and width / depth / thickness (maximum distance between outer edges of two valves)
accurately to 0.05 mm using verniar calipers. The tissue was removed and weighed
individually after blotting. The weight of each shell was determined. The tissue was
dried at a constant temperature of 60°C for 2 days and weighed accurately to 0.001 g.
Allometry was examined for morphometry (length-breadth, length-width) and lengthweight (length-total weight, length-wet tissue weight, length-dry tissue weight and lengthshell weight) relationships. Shell cavity volume of individual mussels was determined
using xylene to calculate condition index (Baird 1958) using the following equation.
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Dry tissue weight
CI =

X 100
Shell volume

Morphometric relationship was estimated (Poole 1974) using linear regression
equation Y = a + bX, where a (intercept) and b (slope) are constants. The allometric
length-weight relationship was calculated (Pauly 1983) using a non-linear regression
equation W = aLb, where a and b (equilibrium constant) are constants. The monthly
mean values of length, breadth, width, total weight, shell weight, wet weight, dry weight,
condition index, b values of length-breadth, length-width, length-total weight, lengthwet weight, length-shell weight and length-dry weight and water quality parameters
such as water temperature, chloride, alkalinity, total hardness, calcium and magnesium
were subjected to Principal Component Analysis (PCA) and Cluster Analysis (CA)
(Davis 1973; Lewis-Bek 1994).

Results
Morphometric relationship
The data on morphometric relationship between length-breadth and length-width
is presented in Fig. 1.

The data revealed that the
variables are linearly related and
showed short individuals are
narrow (less height) and low (less
thickness) and inversely long
individuals are wide (more height)
and high (more thickness) as
reported elsewhere in higher
organism (Jolicoeur & Worimann
1960). Clearly this reflects the fact
that length, breadth and width are
Figure 1. Bivariate scatter diagram of length-breadth
influenced by size. However, some
and length-width relationships of Parreysia
corrugata.
individuals of same length showed
different breadth and width, and
these differences constituted the shape variation. During the present study the calculated
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Figure 2. Monthly variability in the b values of
length-breadth and length-width relationships
Parreysia corrugata.

values of length-breadth and
length-width relationships for the
entire study period were L = 2.314
+ 0.585B and L = 1.907 + 0.333W
respectively. The monthly b
values of length-breadth and
length-width varied from 0.5518
(March 2006) to 0.6519 (August
2005) and 0.2986 (July 2005) to
0.3735 (August 2005) respe
ctively (Fig. 2).

Length-weight relationship

Weight (g)

Weight (g)

The data on length-weight relationship is presented in Fig. 3.

Length (mm)
Figure 3. Monthly variability between the length and weight relationships of Parreysia
corrugata.
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The data showed that variables are nonlinearly related indicating short individuals are
heavy. The relationship between length-total
weight (W=0.0003428L2.777), length-wet weight
(W=0.00004197L 2.885 ), length-shell weight
(W=0.00001738L2.802) and length-dry weight
(W=0.00001127L2.832) were calculated. The data
on monthly b values (equilibrium constant) are
presented in Fig. 4. The values ranged from 2.606
(July 2005) to 2.945 (August 2005) for the
length-total weight relationship and values
ranged from 2.691 (May 2006) to 3.1 (August
2005) for length-shell weight relationship. The
b values fluctuated between 2.781 (June 2005)
and 3.580 (July 2005) and 2.665 (April 2006)
and 3.668 (October 2005) for length-wet weight
and length-dry weight respectively. The b value
of length-total weight and length-shell weight
relationships showed almost the same pattern
throughout the study period (Fig. 4.) whereas,
length-wet weight and length-dry weight showed
seasonal fluctuations.

Figure 4. Monthly variability in the b values
of length-weight relationships of Parreysia
corrugata.

Figure 5. Monthly variations in mean
condition indices in Parreysia corrugate.
Vertical bars represent the standard
deviation.
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Condition index
Monthly mean varia
bility of condition index of
Parreysia corrugata is pres
ented in Fig. 5 and the values
varied from 4.41 (January 2006)
to 15.99 (April 2005). During
the study period only one peak
was distinct during August 2005
and the maximum (22-24)
condition index was represented
by only few individuals. The
values of condition indices
showed decreasing trend from
April to June 2005 and again
reached the highest peak (14.71)
during August 2005. There after
condition index suddenly
decreased during September to
January 2006. Build up of
condition started from January
2006 onwards (Fig. 5).

Figure 6. Percentage frequency of condition index
in Parreysia corrugata

The organism having
condition index less than 2
could not be collected during the
study period. The perce ntage
distribution of index of
condition in monthly samples
(Fig. 6) during the entire study
period revealed the following
observations; During April 2005
the mode at the class group 1618 and in May 2005 condition
index was shifted back to 10-12
class group. The mode gradually
reached to 14-16 during August
2005. However, during
September 2005 the mode was
again shifted back to 10-12 size
group and the decreasing trend
was continued till February
2006. March 2006 onwards the
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condition index increased and reached the peak at 10-12 size group during May 2006.
Multivariate statistical analysis
The application of Principal Component Analysis (PCA) has showed the possible
correlation between the ambient environmental variables and biological variables of P.
corrugata. The eigen values and their contribution to the total variance indicated a small
number of components that could adequately explain the observed correlations among
the large numbers of observed variables. A total of five components showed eigen value
more than one in the present study (Table 1). The plots of principal component axis 1 and
axis 2 showed 4 different groupings of environmental variables and biological variables
of P. corrugata (Fig. 7).
Table 1. Eigen values of ambient environmental and biological variables of Parreysia
corrugata. Abbrivations: L, length; B, breadth; W, width; TW, total weight; SW, shell
weight; WW, wet weight; DW, dry weight; LBb, length-breadth b value; LWb, lengthwidth b value; LTWb, length-total weight b value; LSWb, length-shell weight b value;
LWWb, length-wet weight b value; LDWb, length-dry weight b value; CI, condition
index; N, sample size.

L
B
W
TW
SW
WW
DW
CI
LBb
LWb
LTWb
LWWb
LSWb
LDWb
N
WT
HCO3
Chl
TH
Ca
Mg

1
0.965
0.962
0.972
0.990
0.989
0.691
0.155
-0.603
-0.622
-0.248
-0.061
-0.135
0.025
-0.689
0.681
0.140
0.282
0.079
0.260
-0.080
0.360

2
0.028
0.016
0.069
0.052
0.097
0.515
0.784
0.704
0.108
-0.055
-0.179
-0.682
-0.132
-0.379
-0.217
0.371
0.020
0.913
0.583
0.530
0.455

Component
3
0.188
0.186
0.206
0.112
-0.011
0.042
0.117
0.039
-0.414
-0.018
0.030
0.108
0.126
-0.409
0.526
0.659
0.868
0.268
0.684
0.578
0.572

4
-0.027
-0.004
-0.011
-0.008
-0.030
-0.464
-0.567
-0.292
0.519
0.238
0.687
0.196
0.940
0.327
-0.027
-0.584
0.195
0.051
-0.076
-0.413
0.139

5
-0.168
-0.188
-0.035
-0.044
-0.083
-0.022
0.027
-0.076
0.345
0.924
0.626
0.656
0.229
-0.117
0.354
-0.107
-0.038
-0.183
0.167
-0.248
0.353
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Figure 7. Principal component plots of component 1 and component 2 of ambient environmental
and biological variables of Parreysia corrugata. Abbreviations: L, length; B, breadth; W, width;
TW, total weight; SW, shell weight; LBb, length-breadth b value; LWb, length-width b value; WW,
wet weight; DW, dry weight; LTWb, length-total weight b value; LSWb, length-shell weight b
value; LWWb, length-wet weight b value; LDWb, length-dry weight b value; CI, condition index;
N, sample size.
The hierarchical cluster analysis using complete linkage showed two major groups of
biological variables of P. corrugata (Fig. 8).

Figure 8. Dendrogram (complete
linkage) of biological parameters of
Parreysia corrugata. Abbreviations:
L, length; B, breadth; W, width; TW,
total weight; SW, shell weight; WW,
wet weight; DW, dry weight; LBb,
length-breadth b value; LWb, lengthwidth b value; LTW b, length-total
weight b value; LSWb, length-shell
weight b value; LWWb, length-wet
weight b value; LDWb, length-dry
weight b value; CI, condition index;
N, sample size.
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Discussion
The correlation between morphology and life-history strategies of aquatic organisms
is well documented. Approximation of growth rates and rates of estimation of aquatic
secondary producers under given conditions in different eco-systems is possible, provided
knowledge exists on their size and shape, differential body growth and population ecology.
The data on morphometric relationship in the present study clearly reflects the fact that
length, breadth and width are influenced by variation in size. However, some individuals
of the same length showed different breadth and width, and these differences constituted
the shape variation (Jolicoeur & Worimann 1960). A variety of environmental factors are
known to influence shell form in bivalves. Size of shell is more affected than their shape
by fluctuation of ambient environment (Seed 1968; Wilbur & Owen 1964). Thus shape,
rather than size generally provides more precise information of the dimensional
relationships. Probably, shape is controlled by the genetics and size by ambient
environment.
The possibility that allometric relationships describe the rates for a wide range of
metabolic process and over a wide range of organisms' size and types has important
ecological implications (Nielsen & Sand-Jensen 1990). The skewed relationship in the
present study indicated that short individuals are light and long individuals are heavy
(Fig. 2). This clearly points out that as age increases the weight of the mussel also increases.
However, some individuals of the same age showed different weight and these differences
might probably be due to physiological condition of mussels and variation in environmental
parameters (Seed 1976; Thippeswamy & Joseph 1988). Lengths and weights of the
organisms have been shown to be highly correlated with life-history measures in crosstaxonomic comparisons (Bonner 1965; Peter 1983). The mussels maintained their nonlinear pattern throughout their life (Fig. 3). However, b values were different which could
be related to reproductive cycle. Similar observation was made by Desai and Borkar
(1989) who reported a non-linear relationship in Lamellidens corrianus inhabiting
Khandepar River, Goa.
In allometric length-weight relationship, the most interesting component is the
equilibrium constant b, the variations of which from hypothetical unity suggested
physiological deviations in condition. According to Wilbur and Owen (1964), the values
of equilibrium constant b lie between 2.4 and 4.5 in most of the bivalves with exception
of the worm like Teredo (Isham et al. 1951) in which a more nearly linear relation (b = 1)
was reported. Perusal of data on monthly variation in bivalves in length-dry tissue weight
(Fig. 5) indicated a more or less identical trend with peak (3.668) in October 2005. This
revealed that relative growth in body weight as compared to length was the highest in
October 2005. The same pattern was seen in all length-weight relationships (length-total
weight, length-wet weight length-dry weight, length-shell weight). In length-total weight

,
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relationships, the monthly b values varied from 2.606 (July 2005) to 2.945 (August 2005).
However, for length-wet weight and length-shell weight the b values showed the peak
during July 2005 (3.58) and August 2005 (3.1) respectively. In bivalves, when gonadal
growth and maturation occur, it results in bulkiness of soft body and consequent high
body weights. Such sudden shift in the b values indicated the onset of maturation and
gonadal growth in bivalves. Thus, high equilibrium constant values in the present study
might be due to gonadal growth and high condition index. In most bivalves, gonads
growth prior to spawning results in increasing the total bulk as gonad forms the major
part of the visceral mass. In such animals variation in index of condition reflects the
reproductive status. Accumulation of gametes in follicles and resultant bulkiness of the
gonad result in increased condition index, while release of gametes from the follicles and
corresponding shrinking of gonadal mass result in lowering condition. Whether this is
true in Parreysia corrugata could be verified only from its gonadal histology.
Principal Component Analysis applied for ambient environmental variables and
biological variables of P. corrugata revealed a total of 5 components, which accounted
for a total variance of 94.24%. The 1 component (length, breadth, width, total weight,
shell weight, dry weight, sample size, b value of length-breadth and length-dry weight)
accounted for as much variance as possible (44.6%) followed by 2 component (dry weight,
condition index, chloride and b values of length wet weight) accounted for 23.89% of
variance, component 3 (water temperature, alkalinity, total hardness, calcium, magnesium)
accounted for 14.08% of total variance and components 4-5 together accounted for 11.67%
of variance. The component 4 (b values of length-total weight and length-shell weight)
accounted for 6.47% and component 5 (b values of length-width) accounted for 5.19% of
total variance. The variables of all the 5 components have positive values except component
1 in which b values of length-breadth and length-dry weight were negative. Group 1
consisted of biological variables such as length, breadth, width, total weight, shell weight
and sample size. Group 2 included biological parameters (wet weight, dry weight) and
ambient environmental variables (water temperature, alkalinity, calcium, magnesium,
chloride). Group 3 consists of condition index (biological variable) and total hardness
(environmental variable). Group 4 also included only biological parameters (b values of
morphometric and length-weight) (Fig. 7). The hierarchical cluster analysis showed two
major groups (Fig. 8). Group A with 2 sub groups A1 (length, breadth, width, total weight,
shell weight, sample size) and A2 (wet weight, dry weight, condition index). Group 2
included b values of morphometric and length-weight relationships.
The condition index of mussels revealed that the reproduction of mussels is
from April to August. Based on available data it is suggested that the ideal period for
commercial exploitation of Parreysia corrugata from the river Kempuhole was from
April to August when the meat yield is highest. The maximum meat size of the mussels is
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achieved as they approach their reproductive stage. The most favorable period for
harvesting mussels is from April to August since the meat yield is high. Further, the meat
of the mussel is usually tasty and rich in nutrition before harvesting. The harvesting of
mussel is easy during April-June, when water level decreases in river. During July and
August, the harvesting of mussel is usually difficult due to river flooding by south west
monsoon and mussels will not be harvested and thus allowing the mussel population for
future recruitment. The harvesting of mussel could be carried out considering the maximum
sustainable yield (MSY) without over exploitation. The maximum economic yield (MEY)
is possible only after delineating the nutritive value of mussel and market condition.
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Abstract
The catfishes, Arius caelatus and Arius thalassinus have been compared morphometrically
for seven characters with reference to fork length from Mumbai, Veraval, Vishakhapatnam and
Veraval coasts respectively. For Arius caelatus, significant differences were found between the
sexes at the same locality, within the same sexes at different localities and between both sexes
combined from Mumbai and Veraval four out of seven characters were investigated. Similarly,
for Arius thalassinus, significant differences were noticed between and within the sexes at the
same locality and when the sexes were combined, almost all the characters showed highly
significant differences between the Veraval and Vishakhapatnam populations, which have been
attributed to separation of stocks. The sex specific length weight relationships between the sexes
as well as locations were not significant for A. caelatus, hence a relation common to both sexes
and regions was established. But A. thalassinus showed highly significant differences, in respect
of sexes as well as locations. Therefore, separate relationships were obtained for sexes and
locations for the latter.

Introduction
Exploitation of marine fishes demands studies directed towards understanding
the identity and distribution of the exploited stocks in space and time. A stock is a subset
of a species showing distinct morphometric characters, inhabiting a particular
geographical area in which, its vital stock parameters of growth and mortality are
homogeneous (Sparre and Venema 1998). If fisheries on different coasts are supported
by a single stock, an extensive exploitation even at one place may lead to depletion of
catches elsewhere (Tandon 1964; Kothare and Bal 1976 and Subba Rao 1982).
Among marine catfishes, the engraved catfish (Arius caelatus, Ariidae) and the
*Corresponding author:
E-mail address: aquaparo@yahoo.co.in
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giant catfish (Arius thalassinus, Ariidae) are the two major species from the west and
east coasts of India. Growth, mortality, recruitment and maximum sustainable yield of
the engraved catfish has been studied by Chakraborty et al. (1997) from Maharashtra.
Available information on its biology is mainly due to the work of Sekharan and Mojumdar
(1973) from Vishakhapatanam, Menon (1984) and Menon and Muthiah (1987) from
Mandapam and Raje (2006) from Mumbai. The giant catfish occupies a prominent
position in the catfish fishery in the east coast, where it constitutes 38.2% of the catfish
catch (Sekharan 1968). Some aspects of the biology of the species with respect to food
habits and length weight relationship have been worked out by Mojumder (1969, 1971).
The distribution and abundance of this catfish along the Andhra-Orissa coast have been
studied by Sekharan (1968, 1973). There have been relatively few studies in the seas
around India, and in fact, tropical waters, directed toward identification of exploited
stocks of catfishes Dutt and Rao (1981). Detailed raciation studies on populations of
catfishes, especially for the engraved and giant catfish are scarce. Therefore, the present
paper attempts to compare morphometrically, seven characters with reference to fork
length from Mumbai, Veraval, Vishakhapatnam and Veraval coasts respectively for the
above two species of catfish. Length weight relationship was also established for the
two species from the four locations.

Materials and Methods
The material for this investigation was collected during 1985-99 from two regions
separately for A. caelatus and A. thalassinus. For A. caelatus, 134 specimens (77 males,
57 females) were collected from New Ferry Wharf and Versova landing centres of
Mumbai from April 1989 to June 1999 and from Veraval from July 1985 to December
1986. For A. thalassinus, 361 specimens (251 males, 110 females) were collected from
trawl catches of the Fishery and the Oceanographic Research Vessel, Sagar Sampada
(Department Of Ocean Development), during cruise no. 58 on 8 February 1989, at 62
meters depth, 19.19º N, 85.15º E, off Vishakhapatnam, on the east coast and from the
commercial trawl at Veraval on the west coast between April 1985 and February 1987.

Morphometric studies
Fresh specimens were measured for morphometric characters to the nearest
millimeter using a divider and a measuring board. Eight morphometric characters were
studied following Apparao (1966) and Dwivedi and Menezes (1974). The significance
of the difference between regressions of each morphometric character on fork length
was considered at 5% and 1% probability level:
1. Total length (TL): Distance from the tip of the snout to the tip of longest caudal ray
of the upper lobe when the upper lobe is laid back parallel to the scale.
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2. Standard length (SL): Distance from the tip of the snout to the end of the vertebral
column (structural base of caudal rays).
3. Fork length (FL): Distance from the tip of the snout to the end of the middle ray of
the caudal fork.
4. Length of head (HL): Distance from the tip of the snout to the outer edge of the
operculum.
5. Height (depth) of Body (BD): Depth of the fish taken at the origin of dorsal fin.
6. Snout to origin of first dorsal fin (S-1d): Distance from the tip of the snout to the
origin of the first dorsal fin.
7. Snout to origin of adipose dorsal fin (S-Ad): Distance from the tip of the snout to
the origin of the adipose fin.
8. Snout to origin of anal fin (S-A): Distance from the tip of the snout to the origin of
the anal fin.
The range, mode, standard deviations, mean, coefficient of correlation (r) were
calculated and the relationships were analysed using a standard linear regression
expression: Y = a +bX, where ‘Y’ is the dependent variable, ‘X’ is the independent
variable (fork length), ‘a’ is the constant (Y intercept) and ‘b’ (slope) is the regression
coefficient, were fitted for all the variables for different localities. The goodness of fit
of the relationship between the variables was derived from the coefficient of correlation.
Regressions of different morphometric characters were compared for sexes and localities
by the analysis of covariance (Snedecor and Cochran 1967).
Length-weight relationship
For length-weight relationship, the total length was measured to the nearest
millimeter from the tip of the snout to the tip of the longest caudal fin ray of the lower
lobe and then weighed to the nearest gram. The allometric relationship between length
(L) and weight (W) was calculated by the formula:
W=aLb
where, W = weight of an individual fish in gram ; L = Length of an individual
fish in millimeter ; a and b are constants.
The data of total length and weight were analyzed by the least square method
using the equation of Le Cren (1951) given as : Log W = Log a + b Log L
where a and b are constants estimated by linear regression of the log transformed
variates. Length weight relationship was determined separately, for both sexes of A.
caelatus and A. thalassinus from their respective locations and pooled.
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Results
The size range of size of A. caelatus from Mumbai and Veraval and A. thalassinus
from Vishakhapatnam and Veraval varied between 178-452 mm and 115-590 mm in
fork length and 174-554 mm and 132-710 mm in total length, respectively. All the
morphometric relations between the variables were linear over the range of the fork
length. The coefficients of correlation (r) for various characters ranged from 0.81-0.99
for A. caelatus and 0.88-0.99 for A. thalassinus, indicating a very high degree of
interdependence of the characters. ( Tables 1-4).
Table 1: Regression values of various morphometric characteristics (y) as a function
of fork length (x) of A. caelatus from Mumbai
Morphometric characters

Intercept (a)

Slope (b)

Correlation (r)

8.2083
13.07578

1.109513
1.09469

0.977678
0.978673

-10.9151
-19.4958

0.982337
1.003353

0.988857
0.97862

-19.925
-17.1561

0.272899
0.25319

0.806165
0.882227

-12.3523
-0.62165

0.385367
0.339279

0.942606
0.960095

-21.5331
10.91339

0.767823
0.66564

0.871074
0.942651

-11.2009
-11.5383

0.683861
0.68985

0.918949
0.938036

-0.26881
-8.79604

0.265502
0.289389

0.812885
0.932211

FL & TL
Male
Female
FL & SL
Male
Female
FL & BD
Male
Female
FL & 1st dorsal
Male
Female
FL & S-Adip dorsal
Male
Female
FL & S-Anal
Male
Female
FL & HL
Male
Female
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Table 2 : Regression values of various morphometric characteristics (y) as a function
of fork length (x) of A. caelatus from Veraval
Morphometric characters

Intercept (a)

Slope (b)

Correlation (r)

Male

6.562608

1.102372

0.941647

Female

-0.37537

1.139796

0.973332

Male

6.482913

0.903227

0.868033

Female

17.54399

0.855847

0.92522

Male

-6.60956

0.221469

0.840381

Female

-3.66639

0.206615

0.846028

Male

-8.47654

0.376606

0.975859

Female

-11.1997

0.376258

0.935183

Male

-32.4529

0.81961

0.932951

Female

-23.1351

0.788239

0.969496

Male

-27.834

0.768391

0.971999

Female

-21.7392

0.743953

0.953767

Male

-16.4565

0.330557

0.974607

Female

-11.6061

0.295923

0.964467

FL & TL

FL & SL

FL & BD

FL & 1st dorsal

FL & S-Adip dorsal

FL & S-Anal

FL & HL
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Table 3: Regression values of various morphometric characteristics (y) as a function
of fork length (x) of A. thalassinus from Vishakhapatnam.
Morphometric characters

Intercept (a)

Slope (b)

Correlation (r)

-4.56954
11.88504

1.250326
1.197606

0.963397
0.981805

1.497717
6.565891

0.945999
0.938712

0.949681
0.950292

-11.5918
-17.5788

0.239528
0.257893

0.898813
0.888101

-15.9724
-8.4445

0.425619
0.395695

0.96408
0.978681

-32.3179
-8.66401

0.876748
0.808783

0.909596
0.981355

-14.3883
-13.8145

0.328164
0.760384

0.977816
0.97395

-14.3883
-8.05964

0.328164
0.298917

0.977816
0.964005

FL & TL
Male
Female
FL & SL
Male
Female
FL & BD
Male
Female
FL & 1st dorsal
Male
Female
FL & S-Adip dorsal
Male
Female
FL & S-Anal
Male
Female
FL & HL
Male
Female

Table 4 : Regression values of various morphometric characteristics (y) as a function
of fork length (x) of A. caelatus from Veraval
Morphometric characters

Intercept (a)

Slope (b)

Correlation (r)

18.53338
17.52083

1.162363
1.16741

0.941709
0.982941

0.578873
-4.78618

0.933593
0.954272

0.963449
0.994198

-6.58057
-7.50904

0.209304
0.240525

0.775923
0.766897

FL & TL
Male
Female
FL & SL
Male
Female
FL & BD
Male
Female
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FL & 1st dorsal
Male
Female

-1.03687
-0.10264

0.383765
0.373024

0.917905
0.961651

-11.4181
2.434603

0.811
0.786603

0.864395
0.976357

-11.5441
1.961395

0.768917
0.729802

0.939591
0.984708

-6.13429
2.72218

0.310688
0.269265

0.90844
0.95939

FL & S-Adip dorsal
Male
Female
FL & S-Anal
Male
Female
FL & HL
Male
Female

Among all the characters compared with fork length for A. caelatus, TL and SL
showed maximum increase while BD showed least change, as indicated by the
steepness and flatness of the lines at both Mumbai and Veraval. (Figs.1-4).

Figure 1. Regressions of different
characters on fork length of A. caelatus
male from Mumbai.

Figure 2. Regressions of different characters
on fork length of A. caelatus female
from Mumbai.

Figure 3. Regressions of different
characters on fork length of A. caelatus
male from Veraval.

Figure 4. Regressions of different
characters on fork length of A. caelatus
female from Veraval.
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Similarly, for A. thalassinus, TL and SL showed maximum increase while BD showed
least change at both Vishakhapatnam and Veraval (Figs.5-8).

Figure 5. Regressions of different
characters on fork length of A. thalassinus
male from Vishakhapatnam

Figure 6. Regressions of different
characters on fork length of A. thalassinus
female from Vishakhapatnam

Figure 7. Regressions of different
characters on fork length of A. thalassinus
male from Veraval.

Figure 8. Regressions of different
characters on fork length of A. thalassinus
female from Veraval.

Among all the relationships, BD showed least variation in all locations for both
species.
Comparison between sexes
Comparison of regressions of the characters between males and females showed
significant differences in four out of seven characters, viz, TL, SL, S-1d and S-Ad at
Mumbai and S-1d, S-Ad, S-A and HL at Veraval, in A. caelatus, out of which highly
significant differences existed at 1% level in two characters for male and female samples
from Mumbai and three characters for male and female samples from Veraval (Table
5).These differences were more distinct for A. thalassinus, where except for BD and S1d at Vishakhapatnam and for BD at Veraval (which did not show any difference),
regressions of all other characters differed highly at 1% level at both locations (Table 6).
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Table 5: Summary of results of analysis of covariance in respect of regressions of
morphometric measurements of A. caelatus from Mumbai and Veraval.
Details of comparisons
(between sexes)
Mumbai male & Mumbai
female
Veraval male & Veraval
female
(within sexes)
Mumbai male & Veraval
male
Mumbai female &
Veraval female
(between localities)
Malefemale Mumbai &
Malefemale Veraval

FL &
TL

FL &
SL

Fl &
BD

FL &
S-1d

FL &
S-Ad

FL &
S-A

FL &
HL

**
(9)
NS
(2.9)

*
(6.9)
NS
(2.7)

NS
(3.1)
NS
(3.9)

**
(17)
**
(8.8)

*
(6.5)
*
(5.3)

NS
(2.4)
**
(10.2)

NS
(0.04)
*
(14.8)

NS
(0.5)
NS
(3.5)

NS
(0.1)
NS
(1.1)

NS
(2.5)
NS
(2.4)

NS
(0.13)
*
(6)

NS
(1.4)
**
(12.3)

**
(5.2)
NS
(1.8)

*
(13.3)
NS
(2.4)

NS
(3.8)

NS
(0.08)

NS
(1.76)

*
(6.5)

**
(8.4)

**
(9.8)

**
16.4

Table 6. Summary of results of analysis of covariance in respect of regressions of
morphometric measurements of A. thalassinus from Vishakhapatnam and Veraval.
Details of comparisons
(between sexes)
Visag male &
Visag female
Veraval male &
Veraval female
(within sexes)
Visag male &
Veraval male
Visag female &
Veraval female
(between localities)
Malefemale Visag &
Malefemale Veraval

FL &
TL

FL &
SL

FL &
BD

FL &
S-1d

FL &
S-Ad

FL &
S-A

FL &
HL

**
(21.4)
**
(13.9)

**
(8.7)
**
(13.8)

NS
(0.2)
NS
(2)

NS
(4.4)
**
(13.9)

**
(10.3)
**
(10)

**
(31)
**
(22.2)

**
(54)
**
(24.3)

**
(12)
**
(17.8)

NS
(4.9)
*
(7.1)

**
(13.1)
**
(10.3)

**
(14.8)
**
(12.4)

*
(7.9)
**
(17)

*
(6.2)
**
(25)

**
(8.5)
**
(27)

**
(18)

*
(8)

**
(12.2)

**
(25.3)

**
(10.5)

**
(10.4)

**
(15.1)

Significant at 5% level but not at 1% level.
** Significant at 1% level (Highly significant).
NS Not significant.
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Comparison within sexes
In A. caelatus, significant difference at 1% level was observed between males
from Mumbai and Veraval for the character, HL only. Similarly, females from the two
locations showed significant differences at 5% and 1% for two characters, S-1d and SAd (Table 5). However, in case of A. thalassinus males, all the characters except SL
from Vishakhapatnam and Veraval, show significant differences. In females, all the seven
characters showed highly significant differences (Table 6).
Comparison between localities
In A. caelatus, the character, S-1d differed significantly at 5% and the characters,
S-Ad, S-A and HL showed highly significant differences at 1% when compared between
localities without segregating sexes (Table 5). Comparison of samples of A. thalassinus
without segregation of the sexes with respect to localities, showed significant differences in all seven characters out of which all six characters besides SL showed highly
significant differences at 1% (Table 6).
Length-weight relationship
The extent of association between length and weight, separately for the males and
the females, was assessed from the coefficient of correlation (r).
For A. caelatus from Mumbai, the r for males was 0.979559 and for females
0.911744, indicating a fairly close relationship.
Log W= -5.42954 + 3.173407 Log L (male); Log W= -5.84139 + 3.335444 Log L (female)
The equations when subjected to ANOCOVA (Snedecor, 1967) revealed that there
was no significant difference between the sexes in Mumbai. So a common equation for
length-weight relationship was obtained for both sexes as follows:
Log W= -5.6042 + 3.243076 Log L (r = 95291).
The coefficient of correlation r value for males and females of A. caelatus from
Veraval were 0.980365 and 0.964624, indicating a close relationship.
Log W= -5.28943 + 3.114438 Log L (male); Log W= -5.26077 + 3.0985 Log L (female)
No significant difference existed between the LW relationships between the sexes.
Hence, a LW relationship common to both the sexes of A. caelatus from Veraval obtained is as follows:
Log W= -5.25377 + 3.09831 Log L (r = 975685).
No significant difference was found when length-weight relationships for the sexes
of A. caelatus were combined for the two locations. Hence, a common length-weight

.
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relationship formula with respect to sexes and locations was fitted: Log W= -5.41295 +
3.164498 Log L (r = 96769). (Figure 9)
In case of A. thalassinus from Vishakhapatnam, the r for males was 0.955902 and
for females 0.98632, which were close to 1, indicating a close relationship However,
significant difference existed between the sexes. Therefore, length weight equations
were obtained separately for the sexes as:
Log W= -6.76303 + 3.625556 Log L (male) (Figure 10)
Log W= -7.63788 + 3.965118 Log L (female) (Fig. 11)
For A. thalassinus from Veraval, the coefficient of correlation (r) for males was
0.952813 and for females 0.747487, indicating a possible variation in the relationship.
Highly significant differences between the sexes and locations existed for the species.
Therefore, separate LW equations were obtained for the sexes as:
Log W= -5.12893 + 3.029225 Log L (male) (Fig. 12)
Log W= -5.10804 + 3.04644 Log L (female) (Fig. 13)

Figure 9. Length weight relationship of
A. caelatus

Figure 10. Length weight relationship of
A. thalassinus male from Visakhapatnam.

Figure 11. Length weight relationship of
Fig 12: Length weight relationship of
A. thalassinus female from Vishakhapatnam A. thalassinus male from Veraval
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Fig 13: Length weight relationship of
A. thalassinus female from Veraval

Discussion
The results obtained for morphometric measurements in the present study are
comparable with those of earlier workers (Day 1878; Bal and Rao 1984; FAO/SIDP
2000). Among all the relationships, body depth showed variation at all locations in both
catfishes, probably due to the variations in the degree of fullness of stomach, as
comparable with the inference by Jaiswar and Devaraj (1989) in Megalaspis cordyla.
Identification of different stocks of a given species presents some problems. Firstly,
fishing is largely confined to coastal and territorial waters and samples are not available
from different localities in the area over which a stock may be distributed. Secondly,
tagging experiments do not guarantee the recapture of tagged fish for further research.
Thirdly, the terms, stocks, races and demes have been indiscriminately used, although
as pointed out by Dutt (1962), the terms refer to distinct kinds of biological units (Dutt
and Rao 1981).
It has been observed by De Sylva et. al. (1956), Berdegue (1958), Prasad (1958),
Royce (1964) that populations resemble each other more if the distribution is closer to
one another and differ more if distance becomes greater, as a consequence of geographical
isolation resulting from dissimilarity in ecological and environmental conditions. The
same has been recorded by Tandon (1964) and Rao (1982) in case of Selaroides leptolepis
(Cuvier and Valenciennes) and Saurida tumbil (Bloch) from Indian waters. The present
study on the two Indian catfishes, also shows this trend, as can be seen from the closer
resemblance between Mumbai and Veraval samples of the engraved catfish (four out of
seven characters do not show any significant difference even at 1% level) than those
between Vishakhapatnam and Veraval samples of the giant catfish (all the characters
differ from each other significantly out of which six characters show highly significant
differences).
In catfishes, differences in length and weight between the sexes may arise out of
the fact that during spawning season (which may differ by locations and coastlines), a
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large number of starving, gestating males are available. In case of the giant catfish,
sexual dimorphism also exists, resulting in significant differences in regressions of
morphometric characters and length –weight relationship in the two sexes, at both
locations from east and west coasts respectively.
Conclusion
The studies on comparison of morphometric characters and length-weight
relationship of the engraved and giant catfishes from two sets of locations help to
conclude that populations of the giant catfish, A. thalassinus from Vishakhapatnam on
the east coast and Veraval on the west coast of India may belong to separate stocks.
Morphometic studies need to be supplemented by studies at the genetic level so as to
confirm whether the populations belong to different races or demes.
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Abstract
Ramiyabehad wetland, situated in terai region of Lakhimpur-Kheri district in Uttar Pradesh,
was studied for its piscine diversity, composition of major fishery groups and its management
issues during 2005-07. It is located on Ghaghra river basin and receives floodwater from the
catchments. It spreads over 248.0 ha water area. 21 fish species were recorded from the wetland.
Average fish catch composition comprised Indian major carp (45.50 %), catfishes (22.0 %) and
miscellaneous group (32.5 %). The wetland is well known for its Labeo rohita because of its
special flavour and taste. Besides this, the other commercial species encountered were Labeo
gonius, Wallago attu, Channa marulius and Notopterus notopterus. Catch sizes of Labeo rohita,
Wallago attu and Channa marulius ranged from 2.0-5.0 kg, 0.5-3.0 kg and 0.2-2.5 kg, respectively.
The fishing operations were conducted by the society members for 150-200 days in a year. Fish
yields from the wetland were 21.0 kg/ha/yr in 2005-06 and 29.62 kg/ha/yr in 2006-07. There is a
possibility of significant enhancement in fish yield from the wetland by converting it from capture
to culture based capture fishery resource through appropriate management interventions.

Introduction
Wetlands are one of the most productive ecosystems which play a significant role
in the ecological sustainability of a region. Various beneficial functions of wetlands like
sustaining life processes, water storage, recharge of ground water, water purification,
storehouse for nutrients and stabilisation of local climate, help in maintaining the
ecological balance. Besides these multi-pronged eco-climatic utilities, the wetlands are
also potential resource for enhancing fish production through capture and culture based
fishery development. Owing to influx of plenty of nutrients from vast catchments and
being comparatively shallow in depth, the wetlands are highly significant from fish
production point of view. Though these wetlands are a major source of livelihood for
fishermen community residing at the periphery of wetlands, as per utilisation hierarchy,
*Corresponding author:
E-mail address: kdjoshi_nrccwf@rediffmail.com
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fishery has been assigned a least priority among long chain of stake holders.
The area under floodplain wetlands in India is estimated at 2.0 million ha. A few
states like West Bengal, Bihar, Assam, Andhra Pradesh etc. are rich in area under
floodplain wetlands. The state of Uttar Pradesh also possesses plenty of water resources
and the available resources are being exploited for fishery development in different
magnitudes. In Uttar Pradesh, 90.5 % (0.125 million ha from total of 0.138 million ha)
reservoirs and 63.6 % (0.102 million ha from total of 0.161 million ha) available ponds
area are utilised for fishery purpose. But, only 3.7 % (0.006 million ha from a total of
0.133 million ha) of wetlands area is utilised for fishery- purpose (Singh, 2006). Therefore
there lies the scope for utilisation of these vast resources for fishery development.
Though, information on ecology and fishery aspects of the wetlands of India
(Anon, 2000a, b; Sinha and Jha, 1997; Vass 1997) and ecological status and production
dynamics of Uttar Pradesh (Anon, 2004; Kumar and Joshi, 2008) is available, there is a
dearth of information on fishery management aspects of wetlands in Uttar Pradesh. The
present study deals with status of piscine diversity, composition of major fishery groups,
yield and management issues along with suggested measures for fishery enhancement
in Ramiyabehad wetland.
Materials and methods
Ramiyabehad wetland was studied during 2005-07. The sampling was conducted
on quarterly basis (summer, monsoon, post-monsoon and winter seasons) for fish biology
and fishery information. Information on piscine diversity, yield and fish composition
details is based on the information collected from fishery officials, leaseholders, field
observations and analysis of samples. The inference on fishery management in wetlands
is also based on similar sources. Fish samples were identified following Talwar and
Jhingran (1991).
Results And Discussions
Study area
Ramiyabehad wetland is located on Ganga river basin in Lakhimpur-Kheri district
of Uttar Pradesh. The total water spread area of the wetland is 248.0 ha from which
80.0 ha had been leased out to a local fisher’s society for their livelihood support.
Initially the wetland was connected with the nearby river Ghaghra through a channel by
which it received regular floodwater along with fish seed. The channel was later closed
by construction of an embankment to divert the water to a canal. Now it is occasionally
connected with the river Ghaghra, only during high floods. The wetland is elongated in
shape and appears as a low-lying residual channel, it has maximum depth of 5.0 m. The
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wetland is located in diverse catchments spread over agricultural fields, human
settlements and forestland. It was densely infested with aquatic weeds. Substratum of
the wetland was undulating and deep and consists of sand and mud. The wetland is
mainly used for fishery purpose. There were moderate variations in wetland water
level during the course of this study.
Piscine diversity
In the absence of fish seed stocking and occasional link with the river, the
Ramiyabehad wetland basically represents riverine fish diversity along with some resident
miscellaneous species. 21 fish species were recorded from the wetland (Table 1).

Table 1. Piscine diversity in Ramiyabehad wetland
Fishery groups

Representative species

Indian major/ carp

Labeo rohita, Labeo calbasu, Labeo gonius,
Cirrhinus mrigala

Large catfish

Aorichthys seenghala, Wallago attu

Airbreathing catfishes

Heteropneustes fossilis, Clarias batrachus

Featherback

Notopterus notopterus

Murrel

Channa striatus, Channa punctatus, Channa marulius,

Miscellaneous fishes

Puntius chola, Cirrhinus reba, Chanda nama, Colisa
fasciatus, Nandus nandus, Glossogobius giuris,
Xenentodon cancila, Salmostoma bacaila, Ailia coilia

Labeo rohita forms the principal fishery in the wetland. Due to sizeable catches
as well as its special flavour and taste, the Ramiyabehad’s rohu is famous in the fish
markets of this region. Wallago attu, Channa marulius, Channa punctatus, Notopterus
notopterus, Nandus nandus, Glossogobius giuris, Xenentodon cancila and Salmostoma
bacaila were other abundant species. The wetland was still free from invasion of exotic
species.
Fish composition and yield
Fish catch composition of Ramiyabehad comprised Indian major carp (30-61.0
%), miscellaneous group (23.0-42.0 %) and catfishes (13.0 -31.0 %) and likewise the
average composition comprised Indian major carp (45.50 %), miscellaneous group (32.5.0
%) and catfishes (22.0 %) respectively (Fig. 1). As per biomass, Indian major carp
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followed by catfishes and miscellaneous groups dominated the wetland, while based on
numerical abundance it was the reverse. The wetland is known for its Labeo rohita
because of its size, abundance and unique taste. L. rohita formed 76-90 % of the total
IMC catches. The wetland also holds meagre population of Cirrhinus mrigala, Labeo
calbasu and Labeo gonius amongst carps. Catla catla, another important constituent of
IMC was completely absent in the wetland. Average size of Labeo rohita, Wallago attu
and Channa marulius from the wetland ranged from 2.0-5.0 kg, 0.5-3.0 kg and 0.2-2.5
kg, respectively.

Figure 1. Average fish catch
composition in Ramiyabehad
wetland

Fish yield from Ramiyabehad wetland was recorded 21.0 kg/ha/yr in the year
2005-06 while 29.62 kg/ha/yr in 2006-07. The enhancement (41.78 %) in fish production
from previous year could be attributed to intensive efforts to catch Wallago attu with
suitable lines and baits. Wallago attu forms major fishery after Labeo rohita.
Status of fishery management
The wetland is leased out to a local fisher’s society of the migrants from East
Bengal, for their livelihood support and is used as a capture fishery resource. The society
is known as Man Kali Swayam Sahayata Samuh, Bengali Colony, Ramiyabehad.
Intensive fishing operations were conducted by the society members for 150-200 days
in a year. Fishing was generally conducted by deploying plank-built boats and gill nets
of 8 different mesh sizes, varying between 80-200mm. The gill nets and some traps
were set over-night. The gill nets were mostly set in the evening and harvested early in
the morning. Bait and line fishing is also in practice especially to catch murrels and
other air breathing fishes during day. A series of baited lines are also fixed to lure and
catch smaller carnivores such as Heteropneustes fossilis, Clarias batrachus, and
Glossogobius giuris.
Suggested measures for enhancing fish production
Wetlands are potential resource for fish production enhancement as well as
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repository of valuable fish diversity. Therefore there is a need to develop the wetland
on sustainable basis. Though, the need of the hour is enhancement of fish production
from all available potential resources, side by side development and conservation of
potential species are also important (Joshi and Laal, 2007).
The wetland could be brought under maximum utilization by means of intensive
culture based practices i.e. weed control, stock enhancement, species enhancement,
proper harvesting and use of modern techniques such as pen and cage culture. Greater
enhancement in fish yield from the wetland is possible by converting it from capture to
culture based capture fishery.
The possible management interventions could be as follows:
1. The wetland highly is infested with submerged, floating and emergent macrophytes.
Phumdis (floating islands) like structures were also observed in the wetland. Control
on luxuriant growth of these plants is necessary for fish production enhancement.
2. As the wetland is occasionally connected with the river Ghaghra through a channel,
there is a shortage in stocking sufficient number of fish. Hence the wetland needs
regular seed stocking.
3. Amongst cultured species, the wetland mainly consists of Labeo rohita and it
formed 76-90 % of the total catches amongst Indian major carp. Therefore, there is
a need to enhance the species by incorporating fast growing and compatible species
like-Cirrhinus mrigala and Catla catla. Grass carp (Ctenopharyngodon idella) may
be incorporated among the stocked species for weed control and fish yield
enhancement.
4. Presently the wetland is used as capture fishery resource and the society members
thereby conduct intensive fishing operations here for 150-200 days in a year. Once
stocking is done, the fishing intensity must be controlled or restricted up to
carnivorous or weed fishes, and the stocked seed should be allowed to grow up to
table size.
5. The wetland is infested with many carnivorous fishes, which are detrimental for
the survival and growth of stocked spawn, fry and early fingerlings. Therefore only
advance fingerling (100-150 mm) of the suggested seeding species must be stocked
in the wetland.
6. The shallow marginal areas of the wetland are suitable for installation of pens and
the central portion of the wetland, which has required depth are suitable for cage
culture.
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7. Besides seed raising for polyculture of Indian major carp or/ and freshwater giant
prawn, the pens and cages could be utilized for culture of lucrative high priced
species like murrels and catfishes.
8. The wetland could be harnessed as multifaceted fisheries for practising intensive
culture fishery in the pens installed on marginal areas; cages in deep areas and
culture based capture, traditional capture fishery or sport fishery in open central
portion, for further enhancements in fish yield.
Thus the fish production from the wetlands could be enhanced substantially from
the present level through proper implementation of all the above-envisaged management
and development measures.
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Abstract
A potentially rich fishing ground for yellowfin tuna Thunnus albacares discovered off
northern Andhra Pradesh along the east coast of India at depths of 200m and more is being
gainfully exploited by the local fishers since 2002. Hooks and lines as well as trolls operated
mostly from non-mechanized crafts (catamaran) are the major exploitation methods used. The
mechanized sector ventured into oceanic tuna fishing during 2006 with the conversion of a few
existing mechanized trawlers into long liners and for large scale commercial exploitation of
yellowfin tuna in this region. The average annual (2004-2006) landing of tuna by the catamaran
at Visakhapatnam was 1,515t. A wide size group represented the fishery with the fork length of
T.albacares measuring from 25 cm to 190 cm with major modes at 90 and 130 cm. Fishes above
80 cm were found to be mature and the size at first maturity was estimated to be between 90-95
cm. Males were dominant with a male: female ratio of 1: 0.58. The length weight relationship is
given by the formula W= 0.008634L 3.12. Food contents consisted of a variety of prey animals.
Fishes (bony pelagic fishes), crustaceans (crabs and shrimps) and molluscs (squids) were the
major prey groups. The fishery is still in its infancy and more research has to be carried out to
understand its biology and formulate proper management measures to sustainably harvest this
stock.

Introduction
Yellowfin tuna (Thunnus albacares) is fished in a vast area of the Indian Ocean
north of 30oS latitude. The distribution of the fish ranges from temperate to tropical
waters in this area. T.albacares is one of the most sought after oceanic tuna species in
the world and there exists a targeted fishing for this species in several countries. In
India, especially in the mainland, tuna fishing on a commercial scale has been mainly
confined to the exploitation of coastal species such as Euthynnus affinis, Auxis thazard
and Katsuwonus pelamis (Silas and Pillai, 1982; Silas et al., 1986; James et al., 1992,
1993; James and Pillai, 1993; Yohannan et al., 1993; Yohannan and Pillai, 1994 and
Pillai and Pillai, 1998). Andhra Pradesh, located centrally along the west coast of India
with a coastline of 974 km is well known for it rich and diverse fishery resources. With
Corresponding author:
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annual average landings of 185,948 t (2002-2006) it stands 5th among the maritime
states of India. The pelagic resources with a contribution of 56.2 % during 2006 formed
the dominant group of the total marine fish landings of the state. Smaller pelagics were
constituted by the Sardinella spp., Rastrelliger spp. and Stolephorus spp., whereas the
tunas, Scomberomorus spp, Acanthocybium solandri, Makaira indica and Istiophorus
platypterus were the major groups contributing to the catch of large pelagics of this
region. Several species of tunas contributed to the fishery of the region with the yellowfin
tuna Thunnus albacares forming the major group. This species formed 50-60 % of the
total tuna catch of the region and fishing for this species is carried out in several villages
located in and around Visakhapatnam District, an important fishing centre of Andhra
Pradesh. Though a number of publications on the fishery of tuna from Indian waters are
available most of them pertain to the smaller coastal tunas such as Euthynnus affinis,
Auxis thazard and Katsuwonus pelamis (Silas and Pillai, 1982; Silas et al., 1986; James
et al., 1992,1993; James and Pillai, 1993; Yohannan et al., 1993; Yohannan and Pillai,
1994 and Pillai and Pillai, 1998).
Survey and training cruises conducted in Indian waters by different fishery
organizations (Fishery survey of India, Central Institute of Fisheries Nautical and
Engineering Training) have indicated the occurrence of yellowfin tuna and big eye tuna
in Indian waters. The fishery status and some biological aspects of these tunas have
been reported by Silas et al. (1985), John and Reddy (1989), Sudarshan et al. (1991),
Vijaykumaran et al. (1992), Pillai et al. (1993), John and Sudarshan (1993), Sudarshan
and John (1994), Somvanshi and John (1996), John (1995, 1998), Somvanshi et al.
(1999). Govindraj et al. (2000), and Varghese et al. (2002).
Fishing for yellowfin tunas along the Andhra Pradesh Coast especially by the
traditional fishers has been going on since 2002. It has however gained importance
during the past couple of years and the catch contributes significantly to the marine fish
landings as well as the export market of this State. This is the first study made on
yellowfin tuna landed by the traditional fishers along Andhra Pradesh. The paper gives
a firsthand account of the fishery, fishing season, details of crafts and gears used, length
range contributing to he fishery as well as the length weight relationship. The study
carried out on the important biological parameters (gonad maturity stages, size at first
maturity, sex ratio, major food items in the stomach) of Thunnus alabacares landed
along Andhra Pradesh coast during 2004-2006 is also included in this paper.

Material and methods
Weekly observations were made during 2004, 2005 and 2006 at Lawsons Bay,
Visakhapatnam Outer Harbour and Pudimadaka Beach, the important tuna landing centres
of Andhra Pradesh to collect statistics on crafts, gears and species composition of tunas
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landed. The catch of yellowfin landed on the observation days was noted. Yellowfin
tuna landing estimates on observation days were then raised to the months catch using
a raising factor obtained by dividing the number of observation days in a month by the
number of actual fishing days in that month. The catch estimated for the different months
was then pooled to get the annual yellowfin catch for the centre. Fork lengths in cm and
wet weight in kg of yellowfin tuna were taken at the field during the weekly visits. The
collected lengths were then distributed into 2 cm length groups to get the length frequency
distribution of the day. The frequency then was raised using a raising factor (days catch/
by sample weight* sample number) to get the length frequency of the distribution for
the day. The weekly samples thus got were pooled and it was then raised similarly to get
the monthly frequency distribution. Stomach condition and stage of gonad maturity
were also collected whenever possible. Gonads were classified into four stages of
maturity based on visual appearance; Stage I – immature, Stage II – maturing, Stage IIImature and stage IV- Partially spent. The different stages of gonad maturity observed
were distributed into different length groups and the minimum length at which 50% of
the fishes were found to be mature was fixed as the minimum length at first maturity.
The stomachs were grouped as full, three-fourth full, half-full, one fourth full and empty
based on visual examination. The data were analysed and length-weight relationship,
sex ratio, lenght at first maturity and feeding condition were estimated.

Results
Craft and gear
Traditional non-mechanized crafts are used for tuna fishing in Andhra Pradesh.
The crafts used are wooden catamarans (known locally as teppalu) or fibre canoes
which resemble the teppalu in shape (Sreekrishna, 2002). Traditional wooden crafts are
made of two or more logs which are strapped together with thick ropes before setting
off for fishing. When the crafts reach back after fishing activity, the logs are unleashed
and beach dried till the next day’s fishing activity commences. The fibre boats are
similarly carried ashore and kept ready for the next day’s fishing. The crafts are driven
by huge sails and on good windy days, these crafts get a speed of more than 10 knots per
hour. A few crafts are now equipped with outboard engines (upto 10 hp). The outboard
engines supplement the sails and are used sparingly when wind conditions are
unfavourable. Part of the narrow deck space available is efficiently used to keep the
neatly rolled up gear, a small ice box that serves to store the bait fishes and a day’s
ration of the crew. The rest of the deck space is used to operate the lines and store the
fish catch. The sail when not in use is rolled up and kept along side the craft.
Trolling as well as hook and line operations are carried out from similar crafts.
Crafts engaged in trolling take 2-6 lines. Each line is attached with a round bent barbed
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hook (no.1 or 2). A long line unit consists of the main line and branch lines. The length
of the main line ranges from 8000 - 10000 m with branch lines of 8-10 m. A distance of
15-20 m is maintained between the branch lines. Around 600 to 900 branch lines are
operated at a time. Each branch line is attached with a round bent barbed hook (no.1, 2
or 4). Sardines (Sardinella longiceps, S.gibbosa, S.fimbriata or Dussumeri acuta) are
the most popular baits used. In the absence of sardines; mackerel (Rastrelliger kanagurta)
or small sized flying fish (Hirundichthys spp.) are used. Baits are usually iced and taken
separately in insulated boxes. On nearing the fishing grounds the lines are unrolled and
baits attached to the hooks and are either dragged by the craft (trolling) or are allowed
to drift alongside the craft (long lining). In long line operation the lines with baited
hooks are released and the crafts continue to move to deeper waters for some time. The
lines are then allowed to drift for an hour after which they are hauled up. Lines are
generally set after they reach a depth of 150 m and more.
The availability of yellowfin tuna grounds off Andhra coast and the ease with
which the traditional fishers capture these species has encouraged some fishing
entrepreneurs to convert some of the existing large trawlers into longliners. These are
well equipped to locate the fishing grounds, have large deck space for operating the
long lines and storage facilities to preserve the catch in chilled condition. Presently six
such trawlers have been converted into longliners and a few more are likely to be
converted by the end of 2006.
Fishery
Thunnus albacares is caught only beyond a depth of 200 m. The other fishes
caught along with yellowfin tuna, include king seer (Scomberomorus commerson), marlin
(Makaira indica), sailfish (Istiophorus platypterus), dolphinfish (Corynemus spp.) and
Wahoo (Acanthocybium solandri). Sarda orinetalis and at times, Euthynnus affinis too
are occasionally landed.
Fishing hours are not fixed. When the weather is conducive, fishermen take 3-4
hours to reach the ground and an equal time to return. If the crafts are not equipped with
an outboard engine and if poor wind conditions prevail, then the duration taken for the
fishing activity is doubled. The fishermen engaged in hooks and line fishing start early
in the morning around 4.00 am and return after fishing around 6.00 pm or they start
around 5.00 pm and return early in the morning the next day by 4.00 am. The operations
are completely suspended when wind conditions are not conducive. On the other hand
during the peak fishing season, the units operate both during the day and night.
An estimated 1500 teppalu are engaged in oceanic tuna fishing along Andhra
coast. As the fishing hours are long and uncertain, around 600-700 crafts operate per
day. The total tuna landings include both coastal (E.affinis, Auxis spp.) and oceanic
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tunas. The yellowfin tuna (Thunnus
albacares) however forms the dominant
species and contributes to more than 60%
of the total tuna catch of the region. On
an average each craft lands two to three
yellowfin tunas, 1 to 2 billfishes, 3 to 4
dolphinfish and a couple of smaller
species of tunas. The annual landing of
tunas by these small crafts at
Visakhapatnam outer harbour fluctuated
over the years (Fig. 1).
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Figure 1. Annual landing of T. albacares
at Visakhapatnam

The total catch ranged from 1,199 t to 1,709 t (2004 to 2006) with an average
annual catch of 1,515 t at this centre. During the study period (2004-2006) the highest
catch of yellowfin tuna was observed in 2005 and the lowest in 2006.
Fishing season
Tuna fishing is carried out
throughout the year. However peak
landings were observed during October –
January. A second peak was observed
during May-July (Fig.2). The annual catch
per unit at Visakhapatnam was 41 kg and
during the peak fishing season it increased
to 58 kg per unit.

Figure 2. Monthwise landing of T. albacares
at Visakhapatnam (2004-2006 pooled)

Biology
Length frequency distribution:
The fork length of T.albacares during the study period ranged from 30-190 cm
with mode at 130 cm (Fig. 3).
The mean length was at 106 cm.
Monthwise analysis of length frequency
distribution indicated that smaller sized
yellowfin tunas (30-70 cm) were more
abundant during June- July and bigger
fishes (>100cm) during NovemberJanuary.

Figure 3. Length frequency distribution of
T. albacares landed at Visakhapatnam
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Length-weight relationship
The fork length and wet weight of yellowfin tunas landed at Visakhapatnam ranged
from 30-190 cm and 0.423 kg to 103 kg. The length weight relationship of the yellowfin
tuna landed along the Andhra coast was calculated using the equation W= aLb where,
W= weight in grams. L= Fork length in cm; and a and b are constants. The length
weight relationship is given by the formula W= 0.008634L 3.12
Sex ratio and maturity
Distribution of males and females in
the catch was uneven with a dominance of
males. The sex ratio (male: Females)
observed was 1:0.58. Yellowfin tunas in all
stages of maturity were observed in the
fishery. The immature, maturing, mature
and spent fishes formed 15%, 6%, 15% and
64. % respectively (Fig.4).

Figure 4. Gonad maturity stages in
T. albacares landed at Visakhapatnam

Size at first maturity
Male and female gonads in yellowfin
tunas could be differentiated at a fork length
of 40 cm. Mature gonads (Stage III and
above) were observed from a fork length
of 75-80 cm. However, 50% of fishes
reached maturity at a fork length of 85-90
cm (Fig.5).

Figure 5. Length at first maturity estimated
for T. albacares at Visakhapatnam

Food and feeding:
Of the 110 stomachs analyzed for
food and feeding studies, 14.7% were found
to be empty, 33.3%, one-fourth full, 24.5%
half full, 6.9% three-fourth full and 20.6%
full (Fig.6).
Food contents mainly consisted of Figure 6. Feeding condition of T. albacares
crustaceans (42.5%), fishes (34.7%), and
at Visakhapatnam
cephalopods (15.5%). Fully digested matter comprised 7.3 % of the food analyzed (Fig.7). Many of the stomachs, though found
empty, had squid beaks in the stomach. Presence of foreign bodies like nylon twine,
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small pieces of wood, and plastic were
observed occasionally.

Discussion
The tuna landings estimated in the
coastal states of India mainly take into
account smaller coastal tuna species. The
Figure 7. Major prey items found in the
fishery and biology of these tunas have
stomach of T. albacares at Visakhapatnam
been reported by several earlier workers
(Madhu et al., 2002; Pillai et al., 1996, 2002; Sivadas, 2002 and Nasser et al., 2002).
The yellowfin tuna comprising the major tuna species among the oceanic tunas occurring
along the Indian coast has not been studied in great depth; most of the study being
restricted to catches made by research and exploratory cruises except for some studies
carried out at Minicoy (Madan Mohan & Kunhikoya, 1985; Pillai et al., 1993 and Sivadas,
2002). The large longliners exploiting the yellowfin resources in Indian waters, process
the fish on board and it is directly exported. Actual estimations of catch made by these
large vessels are thus not known. Further the non-availability of the species in the general
commercial fish landings may be some of the few reasons for the absence of detailed
studies on yellowfin tunas. The annual average estimated catch of 1,515 t at
Visakhapatnam outer harbour and 6,500 t for Andhra coast is very encouraging. The
increasing trends noticed in motorization of country crafts and conversions of some of
the existing trawlers to long liners, the effort and consequently the catch is bound to
increase.
The yellowfin tunas landed at Visakhapatnam had a wide length range of 30-190
cm. Pillai et al. (1993) had reported a length range of 32-128 cm whereas John and
Sudarshan (1993) recorded a length range of 60-180cm. The ‘b’ value obtained in the
length weight relationship is close to 3 and comparable to the values obtained by earlier
researchers (Silas et al., 1985; Sudarshan et al., 1991; John and Sudarshan, 1993; and
Pillai et al., 1993).
Uneven distribution of males and females with a dominance of males as observed
in the present study has been earlier reported (Sudarshan et al., 1991 and John and
Sudarshan, 1993). The reason (differences between growth rates of males and females,
difference in mortality rates, reduced catchability of females) and implications if any
on the population, of such uneven distributions is yet to be determined (IPTP, 1992).
Maturity and reproduction in yellowfin tunas occurring in Indian waters has hardly
been studied. The occurrence of yellowfin tunas in all stages of gonad maturity has
been observed off Visakhapatnam. Fishes with mature gonads were more during
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November-December and Juveniles were more during April-May. The size at first
maturity (85-90 cm) observed in the present study is less compared to the size reported
for the same species occurring in other regions (Itano, 2000, Sun et at 2005).
Yellowfin tunas feed on a variety of organisms. Earlier studies by Silas et al.
(1985), Pon Siraimeetan (1985) and John and Sudarshan (1993) have also shown that
crustaceans especially pelagic crabs form the major component of the diet. Fishes and
cephalopods form the next important component of the food item in the stomachs. The
present study also revealed a similar trend in food items observed in the stomach, with
crustaceans forming the dominant food component.
Tuna fishing at Visakhapatnam is poised to take great leaps, both in production
and export, in the near future. Fishermen from several villages around Visakhapatnam
are totally engaged the exploitation of these oceanic tunas. Long lining and troll fishing
are eco-friendly gears and known to be efficient in trapping the targeted fish, this activity
may be encouraged. However, fishing for yellowfin tuna using motorized and mechanized
crafts along this coast is a recent trend. The fishery therefore has to be continuously
monitored and steps taken to see that the effort as well as catch is optimized. So far,
fishing for yellowfin tunas off Visakhapatnam is being done mostly by the traditional
fishermen using the small crafts. Though motorization and mechanization will help in
reaching the fishing grounds faster as well as to hook more fishes, there is possibility of
conflicts occurring between different groups as observed in other fishing activities.
The fishermen also should be given some advice on maintaining the quality of the fishes
caught so that they can fetch a better price for their catch.
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Abstract
All India tuna production continued to increase with fluctuations from 848 t in 1951 to
64,006 t in 2006, with a peak production of 64,006 t in 2006. During 1985-2006 it varied from
27,148 t in 1985 to 64,006 t in 2006 with annual average landings of 39,937 t. Annual average
tuna production by different maritime states was 17,041 t (42.7%) by Kerala, 5,615 t (14.1%)
by Gujarat, 5,000 t (12.5%) by Tamilnadu, 2,741 t (6.9%) by Lakshadweep, 2,812 (7.0%)
Karnataka, 2,716 t (6.8%) by Maharashtra, 2,009 t (5.9%) by Andhrapradesh, 1,095 t (2.7%) by
Goa, 444 t (1.1%) by Andaman & Nicobar Islands, 262 t (0.7%) by Pondicherry, 134 t (0.3%) by
Orissa, 68 t (0.2%) by West Bengal. Tamilnadu catch varied from 1,336 t in 1985 to 10,912 t in
2006 with an average of 5,000 t forming 1.4% of total marine fish production during 1985-2006.
Species composition of all India tuna catch was Euthynnus affinis (51.2%), Katsuwonus pelamis
(4.1%), Thunnus tonggol (10.4%), Auxis spp. (20.7%) and other tunnies (13.6%) and the species
composition of Tamilnadu was E. affinis (59.7%), K. pelamis (11.5), Auxis spp. (12.5%), T.
tonggol (5.5%) and other tunas (10.8%).
Tuna landings at Chennai Fisheries Harbour varied from 150 t in 2001 to 1005 t in 2003
with an average annual production of 595 t during 1999-2006. The annual average catch rate
increased from 131.7 kg/unit in 1999 to 730.0kg/unit in 2006 and the overall average catch rate
was 400.9 kg/unit during 1999-2006. The species composition of tuna at Chennai Fisheries
Harbour was E. affinis 25.2% followed by K. pelamis 35.8%, T. albacares 22.3, A. thazard
16.3% and T. tonggol 0.3%. The growth parameters and mortality rates of Euthynnus affinis are
estimated to be L∞75 cm, K 1.42/yr, M 1.77, Z 4.86, F 3.09 and exploitation rate U 0.631, that
of K. pelamis are L∞ 79 cm, K 1.65/yr, M 1.92, Z 4.7, F 2.78, and U 0.587 and that of T.
albacares are L µ 149.6 cm, K 0.75/yr, M 0.96, Z 2.37, F 1.41, and U 0.539. All the three species
presently studied are exposed to marginally higher fishing pressure by the mechanized drift
gillnets of Chennai coast. Based on the all India production the standing stock of E. affinis is
estimated to be 6618 t and average annual stock is 32409 t.
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Introduction
Tunas formed one of the major marine pelagic fishery resources of Indian seas
and their exploitation is limited to the shallow inshore waters. All previous observations
and other published reports indicate that a considerable magnitude of untapped tuna
resource is available, especially in deeper waters, for exploitation (Sivaprakasam, 1995;
Mitra, 1999; Pillai and Ganga, 2002). They further pointed out that there is no organised
tuna fishing in the high seas of Indian Ocean except in certain pockets. Many developing
countries have expanded their fishing activities with an aim to intensify the exploitation
of tuna resource from their EEZ (Silas, 1985; James and Pillai, 1991). Of late, attempts
are being made to diversify the fishing effort for targeted exploitation of tuna resources
by the fishing industry in India. Such a diversification requires sound knowledge on
resource characteristics, their abundance over space and time and interrelationship of
the fishery with the environment of sea. Status of exploitation and stock assessment of
coastal tunas in the Indian seas were dealt in detail by Pillai et al (2002a & b). Along the
east coast Siraimeetan (1985) provided valuable information on the fishery, species
diversity and bionomics of different species from the Gulf of Mannar and Kasim (2002)
on the fishery, growth, mortality rates and stock assessment of Auxis thazard along the
Tuticorin coast in the Gulf of Mannar. During the present study attempts are made to
update the scientific knowledge on the fishery and population characteristics of coastal
tunas exploited along the east coast with special reference to the Chennai coast.
Management issues are also discussed to a limited extent.

Materials and methods
Weekly data on catch, effort and species composition of tunas exploited by different
gears and size frequency data for Euthynnus affinis, Katsuwonus pelamis and Thunnus
albacares for the period 1985-‘06 were collected from the Kasimedu Fishing Harbour
at Chennai and were raised to the month with the respective raising factors. Growth
parameters and mortality rates were estimated from monthly length frequency data. L∞
and K were estimated by using ELEFAN routine in FiSAT (Gayanilo et al. 1995).
Probability of capture and size at first capture (Lc50) were estimated as per Pauly (1984).

Results
Fishery
Tunas were exploited by drift gillnets and hook and lines. Gillnets with 6.0-13.0
cm mesh and hook and lines of varying specifications were operating in the 10-150 m
depth zone and landed tunas along with other pelagic fishes. All India tuna production
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continued to increase with fluctuations from a mere 848 t in 1951 to 64,006 t in 2006,
with a peak production of 64,006 t in 2006. As seen from Table I during 1985-2006 it
varied from 27,148 t in 1985 to 64,006 t in 2006 with annual average landings of 39,937
t. Annual average tuna production by different maritime states was 17,041 t (42.7%) by
Kerala, 5,615 t (14.1%) by Gujarat, 5,000 t (12.5%) by Tamilnadu, 2,741 t (6.9%) by
Lakshadweep, 2,812 (7.0%) Karnataka, 2,716 t (6.8%) by Maharashtra, 2,009 t (5.9%)
by Andhrapradesh, 1,095 t (2.7%) by Goa, 444 t (1.1%) by Andaman & Nicobar Islands,
262 t (0.7%) by Pondicherry, 134 t (0.3%) by Orissa, 68 t (0.2%) by West Bengal.
Tamilnadu catch varied from 1,336 t in 1985 to 10,912 t in 2006 with an average of
5,000 t forming 1.4% of total marine fish production during 1985-2006. Annual average
tuna landings in tons during 1985-2006 by different maritime states in India are given
in Fig.1, which indicates that Kerala lands the highest tuna catch, which is 3 times that
of Gujarat, occupying the 2nd place and Tamilnadu the 3rd place.

Figure 1. Annual average tuna
landings in different maritime
states during 1985-2006

Catch composition
The coastal tuna fishery was supported by several species such as Euthynnus
affinis, Auxis thazard, A. rochie, Katsuwonus pelamis, Thunnus tonggol, T. albacares,
and Sarda orientalis and the species composition of tuna landings in India during 19852006 is given in Table 1. Tuna landings in Tamilnadu during 1985-2006 was constituted
by E. affinis, Auxis spp., T. tonggol, K.pelamis and other tunnies (Table 2). Percentage
composition of different species of tunas landed during 1985-2006 is shown in Fig.2,
where it is seen that among different species, E. affinis formed 51.2%, followed by
Auxis spp. 20.7%, T. tonggol 10.4%, K. pelamis 4.1% and other tunnies 13.6%. The
species composition of Tamilnadu given in Fig.3 shows that E. affinis formed 59.7%
followed by K. pelamis 11.5, Auxis spp. 12.5%, T. tonggol 5.5% and other tunas 10.8%.
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Table 1 All India landings (tonnes) of different species of tuna during 1985 - 2006
SPECIES
E.affinis

1985

1986

1987

1988

1989

1990

1991

1992

16582 18145 13850 13629 26324 32765 17565 23400

Auxis

1993 1994
16256 12888

3076

8455

4456

5992

7462

6995

5407

7896

85

186

288

170

780

179

133

448

7075

891

Other tunnies 6369

1642

5820

586

2981

5016

2227

1955

6495

2596

109

428

1291

860

880

3633

2384

3556

4065

K.pelamis
T.tongal

1036

Tuna Total
%

1995

27148 28537 24842 21668 38407 45835 28965 36083
2.52

1996 1997

3.30

3.02

4.39

3.73

1998 1999 2000 2001

4.59

2002

2.53

2003

3365 10228

36747 30668

3.06

2004 2005

2.30

1.30

2006 Average

15347 19968 19494 18609 22811 23514 21171 24421 21793 18568 22186 30607 20450
4867 11119 8791

9249 8256 9090 11202 11833 15131

7468 5786 16175 8286

796

1225 1571

1249 1840 4387 2672

3117

2393

1397 1615

3330 1629

10892 2824 12181

4855 6521 7081 3827

4401

9176

8395 5825

7779 5429

5787

5722 9098 9935 9040

6350

3861

3903 4515

6115 4148

4263 4429

37689 39399 46466 39684 48526 54007 47912 50122 52354 39731 39927 64006 39942
1.67

1.63

1.46

1.49

2.15

2.24

2.06

1.91

2.00

1.59

1.75

2.36

Figure 2. Percentage composition of different species of tuna during 1985 -2006
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Table 2. Species composition of tuna landings (tonnes) at Tamilnadu during 1985-2006
Group/Species

1985

1986

1987

1988

1989

1990

1991

1992

1993 1994

783

1275

3073

2612

2145

2308

3195

2905

1597 2399

Auxis

47

481

208

328

849

331

587

555

136

258

K.pelamis

13

46

1

54

8

302

6954

47

195

1

599

829

492

279

84

15

50

274

16

4

74

60

257

E.affinis

Other tunnies

493

515

T.tongal
Tuna Total
%

1336

2271

3526

3261

3610

3522

4286

4115

1.2

2.1

3.2

3.0

3.3

3.2

3.9

3.7

8831 2976
8.0

2.7

1995

1996 1997

1998 1999 2000 2001

2002

2003

2004 2005

2006 Average

2259

2353 3584

3387 3736 4110 3422

3611

2498

3667 3273

7483 2985

707

423

646

1319

22

75

393

153

250

762

314

3903
3.5

902

505

934

784

472

828

1605

624

49

279 1817

379

342

438

447

469

537

576

73

97

25 1497

378

425

1753

1714

755

1234

539

93

81

534

1161

301

948

200

53

275

4933 5634 8435 5218

6473

5774

5.9

5.2

3415 4789
3.1

4.4

4.5

825

769

5.1

109

7.7

4.7

7248 5525 10912 5000
6.6

5.0

9.9

1.4

Figure 3. Percentage composition of different species of tuna from Tamil Nadu during 1985 - 2006
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Figure 4. Percentage of Annual
Average Catch at Chennai fisheries
harbour for 1999-2006

Seasonal Pattern of Fishery
Fishing for tuna was carried out throughout the year along Chennai coast, with
peak during June to October and December to April as seen from Table 3 where the
monthwise average tuna catch, effort expended and catch per unit effort are given. The
percentage annual average catch during different months indicates that there are two
peak fishing seasons during February – March and June-September. The species
composition of tuna landings at Chennai Fisheries Harbour during 1999-2006 indicates
that the landings of E. affinis continued to decline whereas, the landings of other three
species A. thazard, T. tonggol and T. albacares showed an increasing trend (Table 5).
Percentage composition of different species of tuna landed at Chennai coast differs
from that of east coast and all India landings, as the dominant species was K. pelamis
forming 35.8% followed by E. affinis (25.2%), T. albacares (22.3%), A. thazard (16.3%)
and T. tonggol (0.3%) (Fig.5). Monthwise average catch of different species of tunas
landed at Chennai Fisheries Harbour given in Table 4 indicates that except T. tonggol
the other three species occur throughout the year and for a good fishery.

Figure 5. Percentage composition of different species of tuna landed at Chennai during
1999-2006

251

Asian Fisheries Science 22 (2009): 245-256

Table 3. Estimated average fishing effort and catch of tuna by driftgillnet at Chennai
fisheries harbour during 1999-2006
Month

E (units)

Catch (kg)

C/E

JAN

135

50453

374.1

FEB

141

67277

475.9

MAR

271

66757

246.2

APR

76

28936

382.6

MAY

86

6851

80.1

JUN

158

81497

515.0

JUL

143

63535

443.5

AUG

161

79747

496.5

SEP

141

82129

580.9

OCT

73

35142

482.2

NOV

16

2289

145.3

DEC

84

30324

363.2

Total

1484

594937

400.9

Table 4. Average month wise species composition of tuna landings at Chennai Fisheries Harbour during 1999-2006
E.affinis
Month
Jan

A.thazard

K.pelamis

T.albacares

T.tonggol

C (kg)

%

C (kg)

%

C (kg)

%

C (kg)

%

C (kg)

%

131607

32.6

47486

11.8

128682

31.9

86847

21.5

9000

2.2

Total

403622

Feb

119624

22.2

75130

14.0

180043

33.5

158409

29.4

5000

0.9

538216

Mar

135807

25.4

63726

11.9

201458

37.7

132788

24.9

0

0.0

533779

Apr

35668

22.4

16209

10.2

83742

52.7

23161

14.6

150

0.1

158930

May

15041

49.2

1516

5.0

5748

18.8

8176

26.7

88

0.3

30569

Jun

128321

27.4

93196

19.9

172937

37.0

72288

15.5

875

0.2

467617

Jul

138799

37.2

65781

17.6

106075

28.5

62099

16.7

0

0.0

372755

Aug

125083

24.8

94392

18.7

170190

33.7

115290

22.8

0

0.0

504959

Sep

153344

26.7 103111

17.9

181234

31.5

136629

23.8

507

0.1

574824

Oct

56187

21.5

62609

24.0

85897

32.9

56078

21.5

0

0.0

260771

Nov

6084

3.7

4456

2.7

3774

2.3

4000

2.4

0

0.0

164167

Dec

80141

33.0

37623

15.5

73404

30.3

51424

21.2

0

0.0

242592

Total

93809

26.5

55436

15.6

116099

32.8

75599

21.3

1302

0.4

354400

162219

154760

56177

290959

244518

68186

84882

136005

149713

25.2

2000

2001

2002

2003

2004

2005

2006

Average

%

14.2

13.2

13.8

24.3

32.8

37.4

56.3

76.8

16.4

97189

182812

134278

65085

172785

171253

29871

6117

15309

C

C

%

A.thazard

E.affinis

1999

Year

19.0

16.5

13.1

17.2

19.3

19.9

2.2

7.2

%

35.8

213236

419445

371911

247482

340500

234938

38234

48949

4432

C

K.pelamis

43.8

50.8

50.0

33.9

26.5

25.5

17.8

2.1

%

22.3

132845

220200

186070

114444

232436

189980

25716

64853

29058

C

23.0

19.5

23.1

23.1

21.4

17.1

23.6

13.8

%

T.albacares

0.3

1953

15122

348

150

C

0.0

1.5

0.0

0.0

0.1

0.1

%

T.tonggol

Table 5. Species composition of tuna landings at Chennai Fisheries Harbour during 1999-2006

594936

958462

777141

495197

1005365

887130

150008

275027

595

958

777

495

1005

887

150

275

211

(t)

(Kg)

211168

Total

Total
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Stock assessment of component species
Growth parameters, L∞ and K of E. affinis were estimated to be 75.0 cm and
1.42/year respectively. The L∞ and K are estimated to be 79.0cm and 1.65/year for the
skipjack and 149.6 cm 0.75/year for the yellowfin. The natural mortality rate M is
estimated to be 1.77, the total mortality rate Z 4.86, the average fishing mortality F is
estimated to be 3.09, and the exploitation rate U is 0.631 for E. affinis (Table 6). For the
skipjack the M is 1.92, Z is 4.7, F is 2.78 and the U is 0.587 and for yellowfin the M is
0.96, Z is 2.37, F is 1.41and the U is 0.539. Estimates of annual average catch, standing
stock and average annual stock for E. affinis for Chennai, Tamil Nadu and All India are
given in Table 7.
Table 6. Estimates of L∞, K, M, Z, F and U for E. affinis, K. pelamis and T. albacares
along the Chennai coast
Species

L∞
(cm)

K

Natural
Mortality
M

Total
Mortalty
(Z)

Fishing
Mortality
(F)

Exploitation
rate
(U)

E. affinis

75.0

1.42

1.77

4.86

3.09

0.631

K. pelamis

79.0

1.65

1.92

4.70

2.78

0.587

0.75

0.96

2.37

1.41

0.539

T. albacares 149.6

Table 7. Stock assessment of E. affinis at Chennai, Tamilnadu and all India during
1985-2006
Chennai

Tamilnadu

All India

Species

Catch
(t)

Average
annual
Stock
(Y/U)

Catch
(t)

Average
annual
Stock
(Y/U)

Catch
(t)

Average
annual
Stock
(Y/U)

E. affinis

150

238

2981

4724

20450

32409

Discussion
The all India tuna landings continued to increase from 1985 and reached the peak
in 2006 with an annual average production of 39,937 t. Kerala contributed 42.7% followed
by Gujarat 14.1%), Tamilnadu 12.5%, Karnataka 7.0%, Lakshadweep 6.9%, Maharashtra
6.8%, Andhrapradesh 5.9%, Goa 2.7%, Andaman & Nicobar Islands 1.1%, Pondicherry

254

Asian Fisheries Science 22 (2009): 245-256

0.7%, Orissa 0.3%, and West Bengal 0.2%. Tamilnadu catch varied from 1,336 t in
1985 to 10,912 t in 2006 with an average of 5,000 t forming 1.4% of total marine fish
production during 1985-2006. Both in all India and east coast landings the little tuna E.
affinis was dominant followed by Auxis spp in all India catch and K. pelamis in east
coast catch. However in Chennai coast K. pelamis was the dominant species followed
by E. affinis, T. albacares, A. thazard and T. tonggol. This shows that the deepwater
species have started emerging in the fishery along the Chennai coast. E. affinis is currently
exposed to higher fishing pressure and the other two species K. pelamis and T. albacares
are exposed to marginally higher fishing pressure. It is suggested that the gillnet effort
may be either reduced by about 10% or the fishery for tuna may be diversified by
extending the exploitation to deep waters by deploying subsurface gillnets and hooks
& line with appropriate baits targeting the adults of T. albacares. Deployment of surface
floating FAD may be taken up for exploiting oceanic tunas. The coramandal coast is
suitable for establishing fish aggregating devises (FAD’s) as seen from the recent
experience of Nagapattinam fishermen and the ventures of SIFFS and State Fisheries
Department along the Nagapattinam coast. But, as suggested by Silas and Pillai (1985),
this may lead to size overfishing, not only of tunas but other fishes also. So deployment
of such systems necessitated strict monitoring and enforcement of exploitation of adult
fishes through hook size regulation.
Tunas being highly migratory and distributed widely over several oceans, stock
abundance depends on the conditions prevailing elsewhere also. So information gained
from stock assessment studies may have its own limitations. But, it may give basic
information necessary for formulating management guidelines.
Tunas and related groups have very distinct behaviour pattern and they congregate
in areas, where favourable conditions prevail. Information on their ecology and influence
of various oceanographic parameters on the resource is essential to predict abundance
and to locate productive fishing grounds and season. There is an urgent need to look
into such information collected by earlier researchers. With increase in global warming
there are chances for considerable changes on the profile of several meteorological and
oceanographic parameters. So, dependence entirely on earlier data may not provide a
realistic picture. However it will be useful for interpreting changes occurring in the
fishery over the period. Detailed studies on the pelagic food supply, surface and
subsurface temperature, illumination, current pattern etc. of tuna fishing grounds round
the year need to be undertaken. Such information can be acquired through advanced
technologies like remote sensing using satellites or by training and entrusting young
dynamic and enthusiastic fishermen with adequate remuneration.
Emergence of longline fishing for yellowfin and other pelagics along both the
coast of India especially along Visakhapatnam (Prathiba, 2007) and Nagapattinam by
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the traditional sector and at Chennai by the Registered Company-owned large vessels
indicate better scope for the expansion of the tuna fishery in the deep waters. Diverting
large surplus trawlers and surplus small mechanized wooden trawlers with due
modifications for longlining in the present fishing grounds and in still deeper waters
seems much promising. Such an attempt at Chennai and Visakhapatnam is already
yielding encouraging results, as it enables year round operation and better catches. By
considering the socioeconomic implications large factory vessels may be restricted to
beyond our EEZ, as it may overexploit the stock and also obstruct their immigration in
to the present fishing grounds.
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The commercial fishery for ocean leatherjackets
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Abstract
The ocean leatherjacket (Nelusetta ayraudi) has a long history of commercial exploitation
in New South Wales, Australia. Records of reported landings indicate that substantial peaks of
between 600 and 900 tonnes per annum occurred during the 1920s and again during the 1950s.
These peaks were followed by large declines, which suggest that this species is vulnerable to
over-exploitation. In recent years from 2000/01 to 2006/07, annual commercial landings of ocean
leatherjackets using oceanic demersal fish traps and demersal otter trawl have increased from
134 to 430 tonnes. Between 2003 and 2005 ocean leatherjackets in commercial landings ranged
approximately between 22 and 65 cm in total length. Ocean leatherjackets were fully recruited to
the fishery at two years of age, with the majority of the catch (83%) aged either two or three
years. The instantaneous total mortality rate was estimated from an age-based catch curve as 1.1.
Natural mortality was estimated as approximately 0.5, based on a maximum age of 6 years. Yield
per recruit indicated that under current levels of exploitation the yield per recruit would be
maximized at a length at first harvest of 35 cm in total length.

Introduction
Monacanthids, commonly referred to as ‘filefish’ and ‘leatherjackets’, are
harvested in large quantities throughout the world. Major fisheries exist throughout
Asia in coastal waters of Japan, Korea, China, Vietnam and Taiwan (Murakami and
Onbe 1967; Kakuda 1976; 1978; Shiqin and Hu Yachu 1980; Park 1985; Kawase and
Nakazono 1994; Minquan 1994; Chen et al. 1997; Wei-Zhong et al. 1998; Daug 2002;
FAO 2004; 2006). Smaller fisheries also exist in Chile, Antigua Barb (Caribbean),
Ukraine, New Zealand (FAO 2004; 2006), the Canary Islands region (Mancera-Rodriguez
and Castro-Herandez 2004) and Australia (Lindholm 1984; Grove-Jones and Burnell
1991; Kailola et al. 1993). In Australian waters the majority of leatherjackets are taken
from the southern half of the continent (below 30ºS) in cooler temperate waters using
*Corresponding Author: Tel: +61 2 9527 8411
E-mail address: Marcus.Miller@dpi.nsw.gov.au
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commercial fishing methods such as demersal fish and prawn trawls, traps, seines and
gillnets, as well as by hook and line by commercial and recreational fishers. Australia
contains the highest diversity of monacanthids in the world, with a total of 59 species
being recorded (Hoese et al. 2006). The ocean leatherjacket (Nelusetta ayraudi) is one
the largest monacanthids in the world and is the dominant monacanthid species harvested
from Australian waters (Kailola et al. 1993).
There has been a long history of exploitation of ocean leatherjackets in New
South Wales (NSW) waters off the southeastern coast of Australia, with the first catches
in the Sydney Fish Markets recorded in March 1884 (Klaer, 2001). The ocean
leatherjacket fishery increased greatly at the turn of the 19th century with the introduction
of steam trawlers to offshore fishing grounds with annual catches increasing to 682
tonnes by 1922 (Klaer, 2001). Today, the largest fisheries for ocean leatherjackets are in
South Australia and NSW, with catches in each state usually exceeding 400 tonnes
(unpublished data). The majority of ocean leatherjackets in these states are taken using
demersal fish traps (Stewart & Ferrell, 2003), however large catches are also taken by
demersal trawls. In NSW, ocean leatherjackets are the 2nd most valuable species within
the demersal trap fishery, behind snapper (Pagrus auratus) (NSW Department of Primary
Industries catch records). The fishery for ocean leatherjackets extends the length of the
coast of NSW, with the fishing season varying with latitude. Fish are targeted on the
southern NSW coast during summer and autumn, while it is a winter fishery on the far
northern NSW coast.
The management of monacanthid fisheries in Australia, specifically those for
ocean leatherjackets, has been limited by a lack of knowledge of their biology and the
composition of sizes or ages in landings. In NSW, there are no specific management
regulations for harvesting ocean leatherjackets. Rather, catches are controlled through
general gear regulations in the multispecies demersal trap and trawl fisheries. There is
currently no regulated minimum legal length for ocean leatherjackets or any other
leatherjacket species. Given that monacanthids, and particularly ocean leatherjackets,
are considered vulnerable to overfishing, the aim of this paper is to provide the first
comprehensive description of the fishery for ocean leatherjackets in NSW and therefore,
enable improved management of the fishery. Specifically, we: (i) describe trends in
historical landings and the sizes and ages in commercial landings; (ii) use catch
composition data in association with biological information to estimate instantaneous
mortality rates through catch curve analysis; and (iii) model yield per recruit to estimate
the optimal size at first harvest. Finally, we make recommendations for improved
management of the ocean leatherjacket fishery in NSW based on these results.
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Materials and methods
Information on historical catch records was obtained from the NSW Department
of Primary Industry catch records database from 1940 onwards. These records are
supplied by commercial fishers as a regulated requirement of their fishing licences, and
provide information such as species captured, quantities retained, areas fished and, since
1997, the methods used. Reported catch weights of ocean leatherjackets generally refer
to trunk weights (i.e., after all fish are headed and gutted).The lengths of a total of 4383
ocean leatherjackets landed by the commercial demersal trap fishery in NSW between
2003 and 2005 were measured either at the Sydney Fish Markets, regional fishermen’s
cooperatives or onboard commercial fishing vessels. All fish were measured as total
length (TL), to the nearest whole centimetre below the true length.
Estimates of the age compositions in the commercial landings of ocean
leatherjackets were derived from the estimated ages of fish sampled during 2003 and
2004. Ocean leatherjackets were representatively sampled each month from commercial
catches and an estimate of the age of each of these sampled fish was made by counting
opaque zones in sectioned otoliths (Miller, 2007).
Estimates of instantaneous total mortality (Z) were made from the slope of the
descending arm of the catch curve (i.e. by fitting a regression to the natural logarithm of
age frequency against age for all fully recruited age classes). An estimate of natural
mortality (M) was made after the method of Hoenig (1983) for exploited populations
based on either 1% or 5% attaining the maximum age for the species, where the maximum
reported age for ocean leatherjackets is approximately 6 years (Miller 2007). Estimates
of fishing mortality (F) were made by subtracting the estimates of M from Z.
Yield per recruit analysis (YPR) was done using a variant of the Beverton & Holt
(1957) model described in www.fishbase.org as case III. The model describes YPR in
terms of exploitation rate (E = F / Z) and size at first capture (length at capture / L∞).
This approach was used because in the present study we required information that was
related to fish length rather than age. Input parameters included the von Bertalanffy
growth function parameters L∞ = 88.5 cm, k = 0.16 year-1, t0 = - 0.57 years (Miller,
2007) and estimates of mortality rates.
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Results
Historical records show that
commercial
landings of ocean
leatherjackets in NSW in the early
1950s increased to levels of those
experienced in the early 1920s (Klaer
2001) (Fig. 1). In 1951/1952, a total of
900 tonnes of leatherjackets were
reportedly captured. A breakdown of
fisheries contributing to the capture of
Figure 1. Historical commercial landings of ocean the largest records identified a
leatherjackets in New South Wales.
developing demersal trap fishery in the
north of the state, which captured 480
tonnes. Catches declined to 318 tonnes
in 1957/1958, with further declines
observed in 1968/1969 to 112 tonnes
and 56 tonnes by 1978/1979. In recent
years, however, catches of ocean
leatherjackets have steadily increased
from 134 tonnes in 2000/01 to 430
tonnes during 2006/07 with the latter
having an estimated value of AUD$1.1
Figure 2. Landings of ocean leatherjackets by million market value. Catches of ocean
demersal trap and demersal trawling fisheries in leatherjackets have increased in both of
New South Wales since 1997/98.
the major fishing sectors (trap and
trawl) since 1997/98, with an aver age
of 73% of the annual catch being
captured using fish traps (Fig. 2).
The sizes of ocean leatherjackets
in commercial trap catches between
2003 and 2005 ranged between 22 and
65 cm, and had a median size of 36 cm
(Fig. 3). The age composition of landi
ngs showed that ocean leatherjackets
were fully recruited at 2 years of age
Figure 3. The sizes of ocean leatherjackets landed (Fig. 4). The bulk of the fishery (83%)
by the New South Wales demersal trap fishery
consisted of fish aged 2 and 3 years old.
between 2003 and 2005.
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The estimate of Z made from the
descending arm of the catch curve for
ocean leatherjackets aged between 2
and 5 years old was 1.1 (Fig. 5). The
estimate of M based on either 1% or
5% of fish attaining the maximum age
of 6 years ranged between 0.50 and
0.77. Due to the relatively short nature
of the study and the fact that ocean
Figure 4. The age composition of ocean leather leatherjackets are reported to attain
jackets in landings of the New South Wales larger sizes (70 cm - Hutchins &
demersal trap fishery during 2003/04.
Swainston, 1999) than we observed (65
cm), it was assumed that ocean
leather jackets can attain ages of greater
than 6 years. Given this, we believe that
the more realistic estimate of M is
based on 5% of fish attaining 6 years
old (M = 0.50) and therefore the most
probable estimate of F = 0.6 (1.1 – 0.5)
and exploitation rate (E) = 0.55.

Figure 5. Catch curve for ocean leatherjackets
from 2003 to 2004.

The yield per recruit analysis
indicated that at the most probable level
of current exploitation the yield per
recruit of ocean leatherjackets is
maximized at 35 cm (Fig. 6). Using less
precautionary (lower) estimates of M
resulted in the yield per recruit being
maximized at slightly smaller sizes.

Discussion

Figure 6. Yield per recruit isopleths for ocean
leatherjackets. The lines indicate the current level
of exploitation rate and the corresponding length
at which the yield per recruit is maximized.

Monacanthids are captured in
very large numbers in commercial
fisheries throughout Asia primarily by
large stern fish trawling vessels. In
contrast, commercial fisheries for
monacanthids in Australia are
relatively small, with the majority of
the catch captured by either small-scale
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demersal fish trawls or demersal fish traps in the southern half of the continent.
Nevertheless, the fishery for ocean leatherjackets in NSW is extremely important locally
and so the information provided in this paper should be carefully considered when
formulating future improvements to the fisheries management strategies for those fishing
methods.
Historical catch information suggests that the ocean leatherjacket stock in NSW
was fished down during the 1920s (Klaer, 2001) when they were heavily targeted by
steam demersal trawlers, and again during the 1950s as a result of trawling operations
and a developing trap fishery. These factors indicate that although current landings are
increasing, ocean leatherjackets are vulnerable to overfishing and that any further
increases in effort may cause stock declines.
The sizes of ocean leatherjackets landed by commercial fishers in NSW indicate
that much of the catch is of juvenile sized fish (< 35 cm) (Figure 4). Currently, fishers
in the oceanic demersal trap fishery must use 50 mm hexagonal wire mesh in their
traps. These traps have been demonstrated to be highly size-selective for ocean
leatherjackets, but would retain almost all fish > 25 cm in total length (Stewart &
Ferrell, 2003). However, the introduction of escape panels of 50 x 75 mm welded
mesh, which are to be made compulsory in fish traps in NSW by late 2008, most likely
will result in traps selecting ocean leatherjackets at sizes > 35 cm in total length (their
size at sexual maturity - Miller, 2007).
The age composition of ocean leatherjackets in the NSW demersal trap fishery
was found to be similar to those reported in other monacanthid fisheries in Australia
and around the world with the majority of fish captured between two and five years old
and the oldest fish not exceeding 10 years (Kakuda, 1979; Chien and Hu, 1980; Park
1985; Grove-Jones and Burnell, 1991; Peristiwady and Geistdoerfer 1991; Chen et al.
1998; Mancera-Rodriguez and Castro-Hernandez, 2004). This emphasises that globally,
monacanthids have fast growth rates and so become vulnerable to capture from an
early age.
The estimates of mortality rates indicated that M was similar to F and therefore
that the current exploitation rate was approximately 0.5 which is generally considered
to be sustainable (Gulland, 1970). The yield per recruit analysis indicated that yield
could be improved if the size at first harvest for ocean leatherjackets was increased to
35 cm. Although the implementation of escape panels of larger mesh will in turn select
ocean leatherjackets at approximately 35 cm (Stewart & Ferrell, 2003), there are
currently no regulated restrictions on the sizes of ocean leatherjackets able to be retained.
The information presented here may therefore, assist managers in the consideration of
a minimum legal length on ocean leatherjackets as an appropriate management tool.
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In NSW, both recreational and trawl fishers catch substantial quantities of small
ocean leatherjackets and a minimum legal length may help to protect these juveniles.
Although, there are currently no estimates of discard mortality for ocean leatherjackets,
discard mortality may be high as ocean leatherjackets suffer from barotrauma-related
injuries being surfaced from relatively shallow (< 30 m) depths and they may also be
damaged during trawling (pers. obs.). Research is needed to investigate the rates of
mortality of discards from demersal trawling and trapping operations.
The level of protection of populations of ocean leatherjackets in NSW has
increased with the introduction of area-closures through the past ten or so years. These
area closures include recreational fishing havens, marine protected areas such as marine
parks, aquatic reserves and marine components of national parks and nature reserves.
Given that ocean leatherjackets appear to be vulnerable to over-exploitation, it will be
important to maintain these area closures in years to come. In addition, continued
monitoring of the sizes and ages in landings is required so as to assess changes in
population structure resulting from the currently increasing level of exploitation.
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Abstract
The reproductive activities of the male and female black pomfret Parastromateus niger
in Kuwaiti waters were investigated from October 2003 to September 2005. Analysis of seasonal
variations in the gonadosomatic index (GSI) during the two-year study period revealed high
values from February to September, suggesting that the black pomfret has a prolonged spawning
season, from February to September. GSI fluctuations correlated positively with rising water
temperatures in Kuwait from low values in both parameters in January to high values in February/
March (r = 0.836, p<0.05 for males and r = 0.764, p<0.05 for females), suggesting that temperature
plays a role in triggering spawning in both the sexes. Analysis of seasonal distribution of maturity
stages for the two years revealed the presence of ripe/running males and females from February
to September, thus confirming the spawning periodicity revealed through the analysis of
fluctuations in the GSI. Macroscopic and microscopic studies of maturity stages revealed six
stages in the males and seven in the females. The logistic function based on pooled data for the
two years revealed that the minimum size at sexual maturity (L50) was attained at a size of 30.9
cm SL in males (r2 = 0.284) and 36.5 cm SL in females (r2 = 0.355). The ratio of males to females
in monthly samples did not depart significantly from the hypothetical 1:1 during the entire study
period (÷2 = 61.9, d.f. = 11, p< 0.05). Total fecundity ranged from 71 305 in a fish measuring
39.8 cm SL and weighing 1 572.5 g, to 3 895 449 in a 49 cm SL and 2 630 g fish, with a mean of
1 216,734 eggs. Positive correlations were found between fecundity and ovary-free body weight,
standard length and ovary weight, and a negative one with egg size. The average relative fecundity
was 948 eggs/g ovary-free body weights, which was neither a function of fish standard length
nor ovary-free body weight.

Introduction
The black pomfret, Parastromateus niger (Carangidae), locally called Halwayah,
is widely distributed in coastal waters of India (Sivaprakasam 1965; Rao 1973; Pati
1983; Kulkarni et al. 1991), in the Sea of Japan (Yukio et al. 1992) and along the eastern
margin of the Indian Ocean through to the Arabian Gulf (Bishop 2003). It is found on
the continental shelf, usually over muddy bottoms during the day, rising to the surface
*Corresponding author: Tel.: +965 66867298
E-mail address: stevedadzie@hotmail.com
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at night, often in large schools, swimming on their sides (Carpenter et al. 1997). It is of
commercial interest not only in Kuwait but also throughout the Arabian Gulf. Annual
catches of black pomfret from Kuwait have decreased from 290 tons in 1995 to 50 tons
in 2003, and increased to 122 tons in 2004. The average annual catch is 150 tons. Black
pomfret contributes about 3.1% to Kuwait’s annual total fish catches (Ministry of
Planning 2005).
Information on any aspect of the biology of this commercially important fish
from the Arabian Gulf region is scarce (Dadzie 2007; Dadzie et al. 2007). Limited
information is also available from Indian waters (Sivaprakasam 1965; Rao 1973; Pati
1983). In view of the continued importance of black pomfret to the commercial fishery
in Kuwait, coupled with the scarcity of information on its biology both locally and
regionally, the present study on aspects of its reproductive biology was undertaken,
specifically to investigate the: (i) seasonal fluctuations in the gonadosomatic index (GSI),
(ii) relationship between maturation pattern and temperature, (iii) maturity stages, (iv)
seasonal distribution of maturity stages (v) size at maturity, (vi) sex ratio and (vii)
fecundity.

Materials and Methods
Fresh samples of black pomfret were collected from commercial gillnet catches
in the northern part of the Kuwaiti waters of the Arabian Gulf (Fig. 1), during a 24month sampling period, from October 2003 to September 2005.

Figure 1. Map of Kuwait showing the study area (hatched)
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The nets used were 1000-2500 m in length, with a stretched mesh size of 13.8
cm. They were set 2-5 km offshore at depths ranging from 7 to 15 m. They were set at
dawn between 03:00 and 05:00 h, and raised for the collection of the fishes between
13:00 and 14:00 h. The vessels with black pomfret catches docked by 15:30 h, and
study samples were obtained within 2 h and kept on ice.
The total length (cm), standard length (cm) and body weight (g) of each fish were
recorded upon arrival in the laboratory. All the sampled fish were then dissected and
their ovaries removed, weighed (to the nearest 0.001g) and fixed in Bouin’s fixative for
a minimum of 48 h. Large ovaries were cut into pieces before fixing to allow maximum
penetration of the fixative. They were then dehydrated in alcohol, cleared in toluene
and infiltrated with and embedded in paraffin wax. Sections of 5 µm were stained in
hematoxylin and counterstained with eosin for studies of the histological changes and
maturity stages during the annual reproductive cycle and also to confirm the stages
delineated by macroscopic characteristics.
The gonadosomatic index (GSI) was calculated using the formula: GSI = Gonad
weight/Ovary-free body weight x 100. The frequencies of the various maturity stages
and the monthly variations in the GSI were used to study the maturation pattern and
the extent of the breeding season. Mean monthly temperature values of the Kuwaiti
waters covering the period of the study, obtained from the Kuwait Environmental
Authority, were used to investigate the possible effects of temperature on the
reproductive pattern of black pomfret in Kuwaiti waters. The size at maximum
reproductive capacity, when 50% of the fish were mature (L50), was investigated
separately for each sex and pooled data for the two years were fitted to a logistic
curve using SPSS 12.0. The ratio of females to males in monthly samples was
determined separately for each year and the results tested statistically (χ2 test of
homogeneity).
Mature ovaries, dissected from females during the spawning season (February to
August), were used for fecundity studies. They were fixed for several weeks in Gilson’s
fluid, teased apart and vigorously shaken from time to time to separate the eggs. Total
fecundity, defined as the standing crop of advanced yolked oocytes in the ovary (Hunter
et al. 1992) was estimated for 107 fish by the gravimetric method (Kipling & Frost
1969), based on five 1-g sub-samples. Relative fecundity, defined as fecundity divided
by female weight (Hunter et al. 1992), was also determined. The relationships of total
fecundity to ovary-free body weight, fish standard length, and ovary weight and egg
size were determined by regression analysis. Data on relative fecundity were regressed
on fish standard length and ovary-free body weight to determine the relationships of
these two parameters to relative fecundity.
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Results
Seasonal fluctuations in the gonadosomatic index
The GSI profiles for males and females during the two study cycles (October
2003 - September 2004 and October 2004 – September 2005) were remarkably similar.
Briefly, after a quiescent period from October to January, characterized by low GSI
values, mean GSI values appeared to increase from February reaching a peak in June
2004 (Fig. 2a) and in March 2005 (Fig. 2b) for males.

Figure 2. Seasonal fluctuations in gonadosomatic indices in male P. niger: (a) from October
2003 to September 2004, (b) from October 2004 to September 2005. Figures in parentheses
indicate sample size

In the females, a minor peak was observed in March in both years and a major
one in June and July 2005 (Fig. 3a and b), before declining from September.

Figure 3. Seasonal fluctuations in gonadosomatic indices in female P. niger: (a) from October
2003 to September 2004, (b) from October 2004 to September 2005. Figures in parentheses
indicate sample size.

Relationship between maturation pattern and temperature
The maturation pattern, investigated through the analyses of the seasonal changes
in GSI, was correlated with fluctuations in water temperature values during the study
period. Two distinct phases in water temperature fluctuations were observed in Kuwaiti
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waters during both the first and second cycles - a reduction from October 2003 to January/
February, and an increase from January/February to September (Fig. 4a and b).

Figure 4. Monthly temperature values from Kuwaiti waters: (a) from October 2003
to September 2004, (b) from October 2004 to September 2005

Pooled data for the two years indicated very strong positive correlations between
temperature values and GSI from the pre-spawning month (January) to the early months
of spawning (February/March) (r=0.835, p<0.05 for males and r=0.764, p<0.05 for
females).
Maturity stages
Based on morphological and histological characteristics, six maturity stages were
identified in male (table 1) and seven in female (table 2) black pomfret.
Seasonal distribution of maturity stages
From October to January of both years, males and females in Stage I (immature),
Stage II (developing) and Stage III (maturing) dominated the samples (Figs 5a and 6a).
This period coincided with the phase of reducing water temperatures depicted in
Fig. 4. From February to September also of both years, the samples were dominated by

Figure 5. Seasonal distribution of maturity stages in male P. niger: (a) from October 2003 to
September 2004, (b) from October 2004 to September 2005. Figures in parentheses
indicate sample size.
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Table 1. Macroscopic and histological characteristics of the maturity stages of male
P. niger
Maturity stage

Macroscopic description

Immature virgin/
Recovering spent

Testis in the form of two
tiny transparent threads,
occupying about 29% of
the peritoneal cavity. Sex
determination with unaided
eye impossible.

Presence of primary germ cells
(PGC), spermatogonia (SG)
of subsequent generations,
primary spermatocytes (PS)
and secondary spermatocytes
(SS).

II) Developing virgin
/Recovering spent

Testis increases in size up
to about 53% of the peritoneal
cavity and takes on a lightbrownish hue.

Presence of lobules filled with
PGC and SG with increasing
number of PS and SS. Few
cysts containing spermatids
(ST) also appear.

III) Maturing

Testis further increases in
size, becomes dirty-white
and occupies about 58%
of the body cavity.

Increasing numbers of cell types,
especially PS, SS, numerous
ST as well as those recruiting
into spermatozoa (SZ) confined
within roundish or elongated
lobules.

IV) Mature

Testis enlarged, turgid and
whitish, occupying about
69% of the body cavity.

Lobules containing SZ increase
in size as a result of formation
of large numbers of SZ. However,
interlobular spaces containing
intermediate cell types still
present.

V) Ripe/Running

Testis fully developed, highly
vascularized, creamy-white in
colour and occupies about 74%
of the peritoneal cavity. Milt
runs freely with a slight
pressure on the peritoneum.

Both the roundish and elongated
lobules are now packed with
SZ. Very little evidence of
interlobular spaces containing
intermediate cell types.

VI) Spent

Both partially and fully shrunken Some SZ present in partially
testes present, occupying about
shrunken testis, but empty spaces
59% of body cavity.
characterize fully shrunken testis.

I)

Histological description
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Table 2. Macroscopic and histological characteristics of the maturity stages of female P.
niger
I)

Maturity stage

Macroscopic description

Immature virgin/
Recovering spent

Ovary small, thread-like and of
equal length. It is translucent in
immature virgins and reddish in
recovering spents due to strong
vascularization. It occupies
about 39% of the body cavity.
Ovary increases in size, paleyellow to dark pink in colour
and occupies about 50% of
the peritoneal cavity.
Ovary increases rapidly in size,
yellowish, and occupy about
58% of the body cavity. Sex
differentiation easily discernible.

II) Developing

III) Developed/
Maturing

IV) Maturing

Large ovaries containing
yellow oocytes, occupying
69% of body cavity. Eggs are
visible through the thin ovary
wall.

V) Mature

Ovary swollen, maximally
distended and yellowish,
occupying 80% of body
cavity. Eggs clearly visible
throughout the thin ovary
wall. A network of blood
vessels surrounds the organ.
Ovary very large, yellowishred in colour, occupying about
94% of the body cavity, with an
increased vascularization. Eggs
freely extrude upon slight
application of pressure on the
peritoneum.
Ovary reddish and flaccid,
occupying about 66% of the
body cavity. In totally spent
females, it is shrunken, but in
partially spent ones eggs meant
for subsequent spawning(s) are
present.

VI) Spawning

VII)Spent

Histological description
Spaced ovigerous folds oriented
towards the centre of the ovary
containing oogonia (OG)
and early perinucleolar stage
oocytes (EPO) present.
Ovary filled with EPO and
late perinucleolar stage
oocytes (LPO).
Primary vitellogenic stage oocytes
containing lipid vesicles in the
cytoplasm appear in the ovary,
indicating beginning of
vitellogenesis.
Rapid increase in quantities of
lipid vesicles. Appearance of
secondary vitellogenic stage
oocytes containing yolk granules.
The latter and the lipid vesicles
increase rapidly in size forming
yolk globules and oil droplets.
Presence of tertiary vitellogenic
oocytes in which both yolk
globules and oil droplets have
increased considerably in
size, and the latter coalescing.

Numerous migratory-nuclear
oocytes and hydrated oocytes
are present in the ovary.

Ovary of totally spent females
contain numerous post-ovulatory
follicles at different stages of
degeneration, atretic oocytes
and a reserve stock of oogonia
and perinucleolar stage oocytes;
ovary of partially spent female
contain, additionally, oocytes in
different vitellogenic stages.
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Stage IV (mature males and maturing females), Stage V (ripe/running males and mature
females), and Stage VI (spent females) fish (Figs 5b and 6b). This period coincided with
rising water temperature phase in Kuwait.

Figure 6. Seasonal distribution of maturity stages in female P. niger: (a) from October
2003 to September 2004, (b) from October 2004 to September 2005. Figures in parentheses
indicate sample size

Size at maturity
Maturing testis (Stage III and above) and maturing ovaries (Stage III and above)
were considered mature for the determination of minimum size at sexual maturity. Pooled
data covering the two-year study period indicated that males mature slightly earlier than
females. Size at maturity ranged from 15 to 32 cm SL in males and 20 to 42 cm SL in
females. In length groups larger than 17.5 cm SL over 50% of the males were mature
(Fig. 7a); in length groups greater than 29 cm SL over 50% of the females were mature
(Fig. 7b).

Figure 7. Logistic curve for determining size at sexual maturity in P. niger

The smallest mature males in the sampled population belonged to the 16.5-18.4
cm length class and only 5.6% of them were mature. The females started maturing at a
length class of 18.5-20.4 cm, and only 3.1% of them were mature. The logistic function
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revealed that the minimum size at sexual maturity (L50) was attained at a size of 30.9 cm
SL in males (r2 = 0.284) and 36.5 cm SL in females (r2 = 0.355).
Sex ratio
Out of 1 036 specimens sampled during the first year of the study, 612 were
males and 424 were females, giving an overall sex ratio of 1.4:1 which did not deviate
significantly from the hypothetical distribution of 1:1 (÷ 2 = 61.9; d.f. = 11; p<0.05).
During the second year, 627 specimens were sampled, out of which 315 were males and
312 were females, giving an overall sex ratio of 1.02:1, which also did not deviate
significantly from the hypothetical 1:1 (÷2 = 46.9; d.f. = 11; p<0.05).
Fecundity
Total fecundity (TF) based on 107 mature females varied widely even among
fishes of the same size. It ranged from 71 305 (for a 39.8 cm SL female weighing 1
572.5 g) to 3 895 449 (for a 49 cm SL female weighing 2 630 g), with a mean of 1 216
734 eggs. At 95% confidence limits, linear relationships were found between fecundity
and: (a) ovary-free body weight (p<0.05; r2 =57.5%), (b) standard length (p<0.05; r2=
59.2%), and (c) ovary weight (p<0.05; r2=70.8%). The r2 values revealed that the
relationships were strong, the strongest being that between fecundity and ovary weight.
In contrast, fecundity and egg size revealed a negative correlation (p>0.05; r2 0.9%).
Relative fecundity (RF) was 948 eggs/g ovary-free body weight, and did not reveal any
significant relationship with either standard length (p=0.023; r2 =4.9%) or ovary-free
body weight (p=0.439; r2 =0.6%).

Discussion
Information on the maturation pattern and spawning of black pomfret in the
Arabian Gulf does not exist. Within the region, however, reports are sparse and disparate
and are all from Indian waters. Sivaprakasam (1965) observed mature fish from April
till November, but ripe fish were recorded only in September, while actual spawners
were found in September and October in Saurashtra waters. In view of the occurrence
of spent fish in August, the author concluded that spawning had already started in July.
These observations are different from the two-month spawning duration (February and
March) reported from the Godovary Estuary (Rao 1973). In the Bay of Bengal, the
species spawns from March to June (Pati 1983). Contrary to all the above reports, the
present study has revealed that black pomfret has an extended spawning periodicity in
the Arabian Gulf, beginning in February and ending in September. The evidence for
this was derived from the presence of both males and females in the ripe/running
condition (Stage V) in the samples from February till September. After a quiescent
period from October till January, the increase in the GSI in both sexes from February,
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till their decline in September, yields further evidence in support of this claim. In the
only sympatric species studied from the Kuwaiti waters, Pampus argenteus, Dadzie et
al. (1998, 2000) reported spawning from April to August although ripe males were
encountered until September, while Almatar et al. (2004) observed spawning from midMay to early October.
For the enhancement of gametogenesis leading to maturity and spawning, the
role of temperature has been recognized (Ahsan 1966; de Vlaming 1974; Asahina &
Hanyu 1983; Summers 1996). In the present study, the spawning season of black pomfret
in Kuwait coincided with the period of increased sea temperatures. Furthermore, the
strong positive correlation observed between the annual variations in GSI and sea
temperature confirms that temperature, either alone or in combination with other unknown
factors, triggers spawning in the species, similar to the observations found in
Acanthopagrus latus in Kuwaiti waters (Abou-Seedo et al. 2003).
The determination of minimum size at sexual maturity based on pooled data for
the two years revealed that minimum maturity in black pomfret from Kuwait is attained
at a larger size in females than in males, similar to reports from Indian waters
(Sivaprakasam 1965; Pati 1983). The ratio of males to females in monthly samples,
which did not depart significantly from the hypothetical 1:1, confirms the observations
also from the Indian representatives of the species (Sivaprakasam 1965; Pati 1983).
Fecundity in fishes characteristically varies considerably among individuals of
the same size and age (Mathur & Ramsey 1974; Emery & Brown 1978; Dadzie et al.
2000, 2003), similar to the results observed in the present study. At the interspecific
level, this may be due to intra-seasonal changes in the rhythm of egg laying as some fish
may have shed many successions of eggs, some only a few, and others not at all (Mathur
& Ramsey 1974; Emery & Brown 1978). This is especially characteristic of batch
spawners (Yamamoto & Yamazaki 1961; Watson et al. 1992), the category to which
black pomfret belongs.
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Abstract
Trawl fishery of Kerala contributes about 35-50% of the annual landings of the state. The
ever increasing international demand for shrimps and cuttlefishes further induced acute
competition, higher investment and continuous up gradation of trawlers. The technical
specifications, capital investment, catch composition and revenue for single and multiday units
has drastic differences. The present study aims to highlight the trawl landings of Kerala state and
comparative efficiency of these units operating at Cochin Fisheries Harbour. The data was
systematically collected during 2005-2006 in a pre-designed schedule covering all seasons. The
secondary data was obtained from various publications of State Fisheries Department and CMFRI.
The craft and gear specifications of these units indicate the increasing trend of capital intensity
in an already overcapitalized sector. The study indicates that the shift towards multi-day units
will further increase due to better catch and returns. Although the multi-day trawlers are
economically efficient, the wastes and discards generated from these units are not advisable for
the long-term sustainable development of our open access marine fisheries. Regulations in terms
of number of units, unit operations or quota system for trawlers appear to be imminent for the
efficient management of marine fishery resources of the state.

Introduction
In India, trawling on commercial level was commenced at Cochin during early
sixties and was later spread to other parts of the country (Kuriyan, 1965). During late
seventies and early eighties, a conspicuous change in the trawlers took place. The major
development brought about were change in materials for construction, hull form, marine
engines, propulsion system and optimization of energy. Some shrimp trawlers were
exclusively operated during night hours. These boats, popularly known as night boats
subsequently extended their operations to the day as fish trawl and this cooperation
continues for multiple days. By the mid eighties, most of the bigger boats switched over
to this type of stay –over fishing to bring quality fishes. This method of fishing resulted
in substantial increase in returns mainly by saving the fuel cost. Moreover, these ‘night
*Corresponding Author : Tel: +61 2 9527 8411
Email address : Femeenahassan@rediffmail.com
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boats’ were continuously expanding the trawling grounds and venturing into deeper
areas. In recent years, multi-day trawl fishery has expanded considerably and now it
exists as a separate fishery. The ever-increasing international demand for shrimps and
cephalopods further induce acute competition, higher investment and continuous demand
for up gradation of trawlers. The technical specifications, capital investment, catch
composition and revenue for single and multi-day day units differs drastically. Keeping
an eye on of the duality and rapid technological changes happening in trawl fishery, a
comprehensive study with particular emphasis on economic efficiency was done in this
study.

Database and methods
The data was systematically collected during 2005-2006 in a pre-designed schedule
covering all seasons. The secondary data was obtained from various publications of
State Fisheries Department and Central Marine Fisheries Research Institute (CMFRI).
The regular costs and earnings data collected during the data collection were utilized
for the calculation of the economic indicators such as net profit, rate of return etc. The
various components of costs are classified into operating costs and fixed costs. The
operating costs include all those costs, which are incurred only when the vessels are
under operation and fixed costs are those incurred even if there is no operation. Data on
catch (Kg) and efforts were collected on weekly observation of trawl landings. Analysis
of economic performance of different types of fishing units was assessed using indicators
like net operating income, Capital productivity and labour productivity.

Results and Discussion
A successful trawl design is evolved after many trials and errors in design and
field trials. The design of a trawl gear depends on the length of the vessel, horsepower
of installed engine, type of fishery to be exploited and fish behaviour. The effective
towing power of engine is an important aspect in selection of gear design. A particular
design may be a combination of standard designs of related size class of vessel with the
same engine horsepower. Specifications of crafts deployed for trawling in Kerala is
given in Table:-1.
Both single day and multi day trawlers are in operation in Kerala. The single day
trawlers are very old and made of wood. The life of this type of boat is only upto
20 years.They don’t have fish hold. Instead ice is used for preserving fish and their
efficiency is very low. The depth of trawling ranges from 60-420m.The duration of
voyage in single day trawlers is restricted to 7 hours.
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Table 1. Specifications of crafts deployed for trawling
Description

Single day boats

Multi day boats

Overall Length (OAL)

9-11.5m

11-17.1m

Breadth

3-4m

3.5-5.0m

Gross tonnage

9-20

15-40

Draught

1.4-1.7

1.6-2.0

Type of construction

Carvel planking with

Carvel planking with

FRP up to deck level

FRP up to deck level

Materials used

Wood

Wood,steel

Horse Power

35-75

80-160

Fish-hold capacity

Nil

3-15tonnes

Number of crew

4

5-12

Endurance

Single day

Upto 9 days

Navigational and other

Echosounder,Magnetic

Echosounder, SONAR,

equipments

Compus,GPS,wireless,

Magnetic Compus, GPS,

Mobile

wireless, Mobile, TV,
DVD

Upto20years

Upto20years

Life of boat

In Sakthikulangara region, when the fish catch is low they go for chunk fishing at
night. Another avocation for them is the Babilonia fishing at night. This gives them very
good price in the tune of Rs. 45-60 / Kg for live specimens. The multi day trawlers are
made up of steel and they have all modern amenities. The depth of operation ranges
from 80-420 m. Some trawlers resort to less than five-day trips. But new boats are going
for more than five-day trips, as they are more fuel-efficient.
With the increase in size of vessels, the dimension of the gear also has to be
changed for getting maximum efficiency. The trawlers presently operating off Cochin
area are resource specific as two main types of trawl nets –for shrimps and fishes are in
use. The trend of using different types of gear started in late 1980’s.They take both fish
net and shrimp net while going for fishing. Some boats in addition to fish and shrimp
net also take some other type of nets to catch cephalopods also. Table 2 depicts the
specifications of commonly used gears by trawl fleets.
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Table 2. Specifications of the gears used by trawl fleets.
Description
Type of net

Single day boats
Shrimp net, fish net

Multi day boats
Shrimp net

fish net

Length of head rope (m)

27

31

33-37

Length of foot rope (m)

31

35

38-41

Body

25-30

10-20

30-38

Cod end

15-18

35-40

22-24

Net material

Nylon

Nylon

Nylon

Thickness (mm)

0.5-0.75

1.0-1.25

2.0-2.5

Shape

Flat rectangular

Flat rectangular&V shaped

Weight(kg)

100-130

170-190

Warp material

16mm synthetic rope

10-12mm wire rope

Mesh size (mm)

Otter board:

Catch composition of trawlers of different combinations
The major species composition in the annual catch of the mechanized trawler
varied from centre to centre. In Neendakara, the deep-sea prawns dominated with 64%
followed by cuttlefish (11%), whereas in Munambam, the major species landed was the
less priced threadfin breams (31%) followed by high priced cuttlefish (24%). Some
quantity of ribbon fishes (12%) also was landed here. Prawns contributed only 5% to
the total catch. Ribbonfishes were the major contributor in the mechanised trawler at
Cochin Fisheries Harbour (60%) followed by cuttlefish (17%).
Economic evaluation
The annual average costs and earnings of various fishing units operating from
the selected landing centres were worked out. Along the Kerala cost, sharing of the
gross revenue after deducting fuel cost in operational cost is the prevailing system of
payment of wages for fishing labour. In the case of trawlers, the labour share is 35%.
The other operational costs include auction charges, batas and cost towards repair and
maintenance of the craft and gear. In Kerala, the share of workers remains unchanged
for the last many years and there has been no attempt on the part of wage earners in
fishing industry to get their share increased. This may be because the workers get
higher wages each year due to the increase in revenue. This increase in revenue is
mainly due to the continuing increase in fish prices in recent years.
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The fixed cost includes the interest for initial investment, its depreciation and
insurance. Depreciation is the permanent and continuing decline in the value of capital
asset, which in the case of mechanized fishing units comprised of hull, engine, gear and
other accessories. The depreciation for hull and engine, together constituted the craft,
was about 10% of its capital investment assuming a life span of 10 years. The depreciation
for the gear used in the mechanized trawler was about 50% assuming a maximum life
span of two years.
Economic Performance of both single day and multi day trawlers on trip basis
and annual basis was worked out and shown in Table 3 and 4 respectively.
Table 3. Economic Performance of trawlers (Average/trip)
Particulars

Single day trawl

Multi-day Trawl

Catch (Kg)

157

1541

Gross revenue (Rs)

10,121

61,186

Labour (Rs)

3390

10246

Fuel (Rs)

3493

28940

Auction (Rs)

674

3204

Others(Rs)

1203

4441

Operating cost (Rs)

8760

46831

Net operating income (Rs)

1361

14355

Capital productivity ratio

0.86

0.76

Labour productivity (Kg/trip)

39

193

The per trip analysis showed that in single day trawlers 40% of operating cost
is spent for fuel and 39% for labour. Though the average gross revenue works out to be
Rs. 10121/- the average net operating income works out to be Rs. 1360/ where as in
multi day trips 62% of operating cost is for fuel and 22% for labour. Higher operating
cost is due to more days spent on voyage, where most of the trawlers went for 9-10 days
voyage. Here net operating income per trip is Rs. 14355/- as their gross revenue is
more. The major reason for this increased production and revenue is that these crafts
are equipped with fish finding devices which help them to locate the more valuable
species such as cuttlefish and squids and these crafts have high storage capacity. One
very important issue in the case of multi day trawlers is that they are not paying any
attention to low value fishes though they are equally efficient in nutritional point of
view. If they can give some attention in this regard their returns can be increased. This
aspect has to be carefully addressed as these discards are creating some environment
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issue also. As the low value and juveniles are discarded or thrown out after catching,
mortality rate is very high. In countries like India where protein deficiency is a major
nutritional issue this type of crime cannot be tolerated. According to Sathiadhas (1998),
community participation in fisheries management should be introduced by creating
awareness among fishermen and encouraging ‘co-operative fishing’ instead of
‘competitive fishing’.
The annual profit from the trawlers having Overall Length (OAL) of 9-11.5m and
going for single day trips was Rs. 20,24,200/- and the trawlers having Overall Length
(OAL) of 11-17.1m and going for multi day trips was Rs. 36,71,160/- (Table 4).
Table 4: Annual Economic Performance of trawlers
Particulars

Single day trawl

Multi-day Trawl

Catch (Kg)

31,400

92,460

Gross revenue (Rs)

20,24,200

36,71,160

Labour (Rs)

6,78,000

6,14,760

Fuel (Rs)

6,98,600

17,36,400

Auction (Rs)

1,34,800

1,92,240

Others(Rs)

2,40,600

2,66,460

Operating cost (Rs)

17,52,000

28,09,860

Net operating income(Rs)

2,72,200

8,61,300

Capital productivity

0.86

0.76

Labour productivity

2530

6798

The single day trawlers operating along the Kerala coast operated with an annual
average operating cost of Rs. 17,52,000 (Table 4). The annual catch of these units was
31,400kg generating annual gross revenue of Rs. 20,24,200. Capital productivity
(operating ratio) was also worked out to compare the economic efficiency of the trawlers.
Capital productivity is defined as the portion of gross revenue that would cover the
operating expenses. The operating ratio works out to 0.86, indicating that 86 per cent of
gross revenue generated is used to cover its operating expenses. The higher operating
cost due to the higher fuel and auction charges can be attributed to the higher value of
the operating ratio. Major components of operating expenses are fuel (40 percent) and
crew wages (39 per cent).
The annual average operating cost of multi day fishing unit operating in Kerla
was Rs. 28,09,860.Almost 84 percent of the operating expenses is incurred on fuel and
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wages. The annual catch of these units was 92460 Kg generating annual gross revenue
of Rs. 36,71,160. The operating ratio works out to 0.76, indicating that 76 per cent of
gross revenue generated is used to cover its operating expenses.
The capital productivity indicators show that the multi day trawlers are more
efficient (0.76) compared to single day trawlers operating in Kerala (0.86). Labour
productivity is the average quantity of product generated per labourer. Labour
productivity for single day trawlers is worked out to be 39 Kg/ labourer whereas in
multiday trawlers it was 193Kg/labourer. Hence multiday trawlers are found to be more
efficient.

Conclusion
Fishery resources are continuously exploited using fishing vessels whose number,
size and effectiveness are always increasing. Marine fishing is capital intensive mainly
due to the increased tempo of mechanization as well as motorization of non-mechanized
units. According to Panikkar et al. (1991) fishing along our inshore waters is transforming
from a subsistence level to a cash crop operation and now the fishermen are very much
conscious about their profit margin. The craft and gear specifications of these units
indicate the increasing trend of capital intensity in an already overcapitalized sector.
The study indicates that the shift towards multi-day units will further increase due to
better catch and returns.
Although the multi-day trawlers are economically efficient, the wastes and discards
generated from these units are not advisable for the long-term sustainable development
of our open access marine fisheries. The major areas to be focused are effort regulation,
by-catch exclusion or reduction, use of selective and eco-friendly fishing gear, and biosocio-economic considerations in management where the coastal communities are
involved for preservation of biodiversity and integration of inshore fishing activities
with coastal management plans. Regulations in terms of number of units, unit operations
or quota system for trawlers appear to be imminent for the efficient management of
marine fishery resources of the state.
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Abstract
Gujarat with about 20% (1600 km) of the country’s coastline, 33% of the continental
shelf area (1,64,000 sq. km) and over 2,00,000 sq. km of EEZ ranks second among the maritime
states in marine fish production. The marine fish production in the state has shown a declining
trend from 2002 (4.68 lakh tons) to 2005 (3.56 lakh tons) with promising increase by 42.7 % to
5.08 lakh tons during 2006. There is a conspicuous change in the resource composition over the
years with quality fishes like pomfrets, larger sciaenids, threadfins and penaeid prawns being
replaced by low value fishes such as ribbonfishes, threadfin breams, carangids, nonpenaeid prawns
and smaller crabs. During the five year period, pelagic resources contributed (40%), followed by
the demersal resources (30%), crustacean resources (22%) and cephalopod resources (8%). Among
the pelagic resources, the contribution of Bombay duck Harpadon nehereus (Synodontidae)
decreased from 34.8% in 2003 to 24.6% in 2006, while the contribution of Trichiurus lepturus
(Trichiuridae) increased from 33.5% in 2003 to 46.6% in 2006. The demersal resources were
dominated by croakers (30%) and the crustacean resources by non-penaeid prawns (60%). The
substantial component of the catches was landed by trawlers (59%), followed by dolnetters (26%)
and gillnetters (14%). The last quarter (46%) recorded the highest landings with the poor catches
in the second (14%) and third quarters (15%). There was a distinct change in species composition
of sciaenids caught by dolnetters over the years with smaller sciaenids (Otolithes cuvieri,
Sciaenidae and Johnius glaucus, Sciaenidae) completely replacing commercially important larger
sciaenids like koth (Otolithoides biauritus, Sciaenidae) and ghol (Protonibea diacanthus,
Sciaenidae). The mean length for Harpadon nehereus increased from 159 mm in 2003 to 216
mm in 2006, whereas for Otolithes cuvieri and Nemipterus japonicus (Nemipteridae) the mean
length decreased from 202 mm and 223 mm in 2003 to 163 mm and 193 mm in 2005. The
emergence of mackerel fishery in 2006 coupled with increased landings of high export value
cephalopods and tunas provide scope for the sustenance of marine fishery of Gujarat. Strategies
for sustainable responsible fisheries are outlined.
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Introduction
Gujarat with about 20% of the country’s coastline, 33% of the continental shelf
area (1,64,000 sq. km) and over 2,00,000 sq. km of EEZ ranks second among the maritime
states in marine fish production. The annual marine fishery potential of the state is
estimated at 0.57 million tons, which is about 17% of the all-India potential. The width
of the Indian continental shelf is greatest off Gujarat offering scope for exploitation of
several types of finfish and shellfish resources by both traditional and mechanized fishing.
However, the intensive and uncontrolled fishing pressure in the coastal waters of the
state fishing has resulted in major shifts in the marine ecosystem of the state. It was
therefore a necessity to investigate the resource characteristics of all major resource
contributing to the fishery of the state over a period of five years for their judicious
exploitation, management and conservation.

Materials & Methods
Data on catch of major resources and effort expended were collected weekly
from the trawl net landing centres of Bhidiya (Veraval) and Mangrol, gill net landing
centres of Old Light House (Veraval) and Muldwarka and the dol net landing centres of
Nawabunder, Rajapara and Jaffrabad for the five year study period from 2002 to 2006.
The monthly and annual estimates of catches were made following the Stratified
Multistage Random Sampling Design (Srinath et al. 2005) adopted by the Fishery
Resource Assessment Division of Central Marine Fisheries Research Institute.

Results
During the five year study period (2002 to 2006), the annual average
marine fish production in Gujarat was 4.37 lakh tons (Fig 1).

Figure 1. Change in annual catch
of marine fishery resources of
Gujarat during 2002 - 2006
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Trawlers contributed substantially (60%) followed by dolnetters (26%) and
gillnetters (14%). The last quarter (46%) for all the five years recorded the highest
landings and the lowest landings were recorded in the second (14%) and third quarter
(15%). Amongst the contribution by trawlers, multiday’s and singleday’s proportion
were 47% and 13%, respectively. Maximum landings by the trawlers were recorded in
the last quarter (48%) during all the five years. Dolnetters and gillnetters also landed
good catch during the fourth quarter (48% and 39% respectively).
Catch and Catch Rates of Different Gears
There was an increase in total production by multiday trawlers over the years
with a concomitant considerable increase in the catch rate. The total catch and catch
rate for multiday trawlers increased from 1.87 lakh tons and 36 kg.h-1 in 2003 to 2.49
lakh tons and 74.57 kg.h-1 in 2006. There was however a decrease of catch by singleday
trawlers from 0.72 lakh tons in 2003 to 0.38 lakh tons in 2006. The decrease in catch
could be the result of a drastic reduction in effort from 18.4 lakh fishing hours in 2003
to 7.5 lakh fishing hours in 2006. Nevertheless, the catch rate increased from 39 kg.h-1
to 50 kg.h-1 (Fig. 2).

Figure 2. Change in annual catch and catch rate of major gears operated along the coast of
Gujarat during 2003 - 2006.

The total production by gill netters in Gujarat increased from 0.61 lakh tons in
2003 to 0.65 lakh tons in 2006. This was accompanied by an increase in catch rate from
89 kg.unit-1 to 156 kg.unit-1 (Fig. 2). The dol net fishery over the years exhibited a
significant increase in production due to increased fishing effort and mechanization
with simultaneous increase in catch rate. The total catch and catch rate by mechanized
dol nets in the state was 1.53 lakh tons and 899.1 kg.unit-1 for 2006 and 1.07 lakh tons
and 816.6 kg.unit-1 for 2003 (Fig. 2).
Resource-wise Production in Gujarat
The major contributors to the marine fishery of Gujarat were the pelagic finfishes
with 40%. The demersal resources contributed 30%. Crustaceans with 22% and
cephalopods with 8% were the other significant contributors to the marine fishery of
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Gujarat. The pelagic resources were dominated by ribbonfish Trichiurus lepturus, which
formed 37% and Bombay duck Harpadon nehereus, which formed 31% of the pelagic
catches over the five years. The contribution of Harpadon nehereus decreased from
34.8% (57.5 thousand tons) in 2003 to 24.6% (47.5 thousand tons) in 2006, while the
contribution of Trichiurus lepturus increased from 33.5% (55.5 thousand tons) in 2003
to 46.6% (90 thousand tons) in 2006. Carangids, Seer fishes and tunas were the other
commercially significant and highly valuable pelagic resources landed along the coast
of Gujarat. The major demersal resource for the five years was croakers forming 30%
of the total demersal fish catch. Croakers were followed by threadfin breams (17%),
catfishes (15%), elasmobranchs (8%) and lizardfishes (6%). The nonpenaeid prawns
formed on an average 61% of the total crustacean landings in the state. Acetes spp.
(Sergestidae) contributed more than 70% of the total non-penaeid catches, followed by
Nematopalaemon tenuipes (Palaemonidae) and Exhippolysmata ensirostris
(Hippolytidae). Penaeid prawns formed 25% of the total crustacean catch. Crabs
contributed a significant 12% to the total crustacean catch in the state. The total
cephalopod production for the state increased from 0.23 lakh tons in 2002 to 0.49 lakh
tons in 2006 and was constituted mainly by Loligo duvaucelli (Loliginidae), Sepia
pharaonis (Sepiidae) and S. aculeata (Sepiidae).
Bombay duck
Bombay duck formed on an average 12.68% of the total marine landings of the
state. The Bombay duck production at the dol net landings centres of Gujarat decreased
from 0.65 lakh tons (13.96% of total marine production) in 2002 to 0.475 lakh tons in
2006 (9.58% of total marine production) (Fig. 3).

Figure 3. Change in annual catch of major resources contributing to the marine fishery of Gujarat
during 2002 - 2006.
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Fourth quarter was more productive followed by the first quarter (Fig. 4).

Fig 4. Seasonal abundance in catch of major marine fishery resources of Gujarat during 2002 2006

The catch rate also decreased similarly from 438 kg.unit-1 in 2003 to 280 kg.unit-1
in 2006. The mean size increased from 15.9 cm in 2003 to 21.6 cm in 2006.
Ribbonfish
The ribbonfish landings registered a tremendous increase of 75% in 2006
as compared to that of 2002. The resource formed on an average 13.79% of the total
marine landings. The catch was 0.9 lakh tons in 2006 and 0.51 lakh tons in 2002 (Fig.
3). The catch rate showed an increase from 10.65 kg.h-1 in 2003 to 27 kg.h-1 in 2006.
The contribution of this resource was major to the trawl net catches in all the years.
Post monsoon months recorded heavy landings of ribbonfish (Fig. 5). The mean length
of the catch decreased from 69 cm in 2002 to 67.6 cm in 2006.
Seerfish
The total production showed a decrease of 10.5% in 2006 (0.063 lakh tons)
when compared to 2002 (0.07 lakh tons) (Fig. 5). Nevertheless, the catch rate for the
resource increased from 71.43 kg.unit-1 in 2003 to 117.67 kg.unit-1 in 2006. It formed
about 1.6% of the total marine fish landings. The last quarter in all the years recorded the
highest values for catch and catch rate (Fig. 6). The main species contributing to the
fishery was Scomberomorus guttatus (Scombridae), which formed 81.13% of the total
seer fish production in gill nets and 87.97% in trawl nets, the rest being constituted by
S. commerson (Scombridae). There was a marginal decrease in mean size of S. guttatus
from 43.9 cm in 2002 to 42.4 cm in 2006.
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Fig 5. Change in annual catch of minor resources contributing to the marine fishery of Gujarat
during 2002 - 2006

Fig 6. Seasonal abundance in catch of minor marine fishery resources of Gujarat during 2002 2006

Tunas and Billfishes
There was a substantial increase in both catch (62%) and catch rate (590%) of
tunas in 2006 from that of 2002. The catch in 2002 was 0.052 lakh tons at a catch rate of
22.77 kg.unit-1 and in 2006 it was 0.085 lakh tons at a catch rate of 157.11 kg.unit-1 (Fig.
4). The catch and catch rates were better during October – December (Fig. 6). Tunas
and billfishes formed on an average 1.25% of the total marine fish landings of Gujarat.
The main species of tunas landed were Thunnus tonggol (Scombridae) (50.67%),
Katsuwonus pelamis (Scombridae) (13.36%), Euthynnus affinis (Scombridae) (19.56%),
Auxis thazard (Scombridae) (11.85%), Thunnus albacares (Scombridae) (3.48%) and
Sarda orientalis (Scombridae) (1.09%). The main species which supported the billfish
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fishery were Istiophorus platypterus (Istiophoridae) and Makaira indica (Istiophoridae).
In T. tonggol, E. affinis and A. thazard, the mean lengths increased from 57.8 cm, 43.9
cm and 32.5 cm respectively in 2002 to 60.8 cm, 46.5 cm and 35.8 cm respectively in
2006.
Carangids
The estimated landings of carangid increased from 0.077 lakh tons in 2002 to
0.129 lakh tons in 2006 (Fig. 4), with catch rate increasing simultaneously from 2.02
kg.h-1 in 2002 to 3.86 kg.h-1 in 2006. The highest values of catch and catch rates were
observed in the last quarter for all the five years (Fig. 6). This resource formed 2.87% of
the total marine landings of Gujarat. Among carangids, Megalaspis cordyla (Carangidae)
(46.8%) dominated the gill net catches while Decapterus russeli (Carangidae) (69.5%)
dominated the trawl landings.
Mackerel
There was an emergence of mackerel (Rastrelliger kanagurta, Scombridae) fishery
in 2006 in which 0.1 lakh tons were landed forming 2.07% of the total marine fish catch
in Gujarat (Fig. 4). The catch rate in gillnet recorded for the resource in this year was
190.4 kg.unit-1. 70% of the catch was landed in the fourth quarter (Fig. 6).
Threadfin breams
Threadfin breams formed about 5.35% of the total marine fish catch. The threadfin
breams production in 2006 (0.303 lakh tons) showed a marginal increase as compared
to 2005 (0.297 lakh tons) (Fig. 3). Good catch was recorded during the post monsoon
months of September – December (Fig. 5). However, the catch rate increased by more
than two folds from 4.28 kg.h-1 in 2003 to 9.09 kg.h-1 in 2006. The fishery was supported
predominantly by Nemipterus mesoprion (Nemipteridae) (55.63%) and N. japonicus
(41.2%) along with small quantities of N. delagoae (Nemipteridae) (3.18%). The mean
size of Nemipterus mesoprion increased from 13.58 cm in 2003 to 15.79 cm in 2005 but
in N. japonicus, it decreased from 22.31 cm in 2003 to 19.27 cm in 2005.
Sciaenids
The landing of sciaenids has decreased over the years from 0.4 lakh tons landed
in 2002 to 0.33 lakh tons landed in 2006 (Fig. 3). Sciaenids contributed on an average
8.94% to the total marine fish landings in Gujarat. The catch rate of croakers in the
trawl fishery showed an uptrend (33%), but in the dolnet fishery it decreased (34%)
during the five year period. Heavy catches of sciaenids were landed by trawlers during
October – December where as dolnetters recorded good catch during January and
November (Fig. 5). The proportion of koth in sciaenids landed by dolnetters has decreased
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from 60.3% in 2003 to 17.5% in 2006, while the contribution of Otolithes cuvieri and
Johnius glaucus has increased in the same period by more than two folds. The dominant
species in the trawl fishery was Otolithes cuvieri (54.4%). Johnius glaucus (30.9%),
Johnieops sina (Sciaenidae) (9.7%) and Otolithoides biauritus (4.33%) were the other
major species constituting the fishery. The gillnet fishery was supported predominantly
by Otolithes cuvieri (47.37%) and Johnius glaucus (28.39%) along with small quantities
of Protonibea diacanthus (9.17%), Johnieops sina (7.55%) and Otolithoides biauritus
(7.55%). The mean length of O. cuvieri decreased over the years from 20.24 cm in 2003
to 16.31 cm in 2005 but in J. glaucus the mean length was more or less uniform during
the period.
Lizardfish
The lizardfish production had come down marginally from 0.067 lakh tons in
2002 to 0.063 lakh tons in 2006 (Fig. 4). The catch rate however, exhibited an increasing
trend from 1.17 kg.h-1 in 2003 to 1.88 kg.h-1 in 2006. The peak catch and catch rates
were observed in October, with good production during the last quarter (Fig. 6).
Lizardfishes formed about 1.78% of the total marine fish catch in Gujarat. The main
species which contributed to the fishery was Saurida tumbil (Synodontidae) (81.1%),
followed by S. undosquamis (Synodontidae) (18.9%). The mean lengths for both S.
tumbil and S. undosquamis increased from 28.41 cm and 25.31 cm in 2003 to 31.34 cm
and 30.98 cm in 2005.
Pomfrets
Pomfrets contributed on an average 1.74% to the total marine fish landings. The
pomfret landing in Gujarat decreased by 27% from 0.08 lakh tons in 2002 to 0.058 lakh
tons in 2006 (Fig. 4). The catch rate of this resource in gillnets however, increased from
87.4 kg.unit-1 in 2003 to 108.5 kg.unit-1 in 2006. Fairly good catches (39%) were landed
in the last quarter by the gillnetters (Fig. 6). The average mean length of 22.62 cm
recorded in 2004 increased to 24.55 cm in 2005.
Elasmobranchs
The elasmobranch production decreased by 40% in 2006 from that of 2002, while
the catch rate remained more or less the same. The total landing of 0.112 lakh tons recorded
in 2002 decreased to 0.068 lakh tons in 2006 (Fig. 4). Elasmobranchs contributed on an
average 2.53% to the total marine landings in Gujarat. The fishery was at its peak during
the last and the first quarters (Fig. 6). Among elasmobranchs, the dominant species was
spade nose shark Scoliodon laticaudus (Carcharhinidae) (31.9%) followed by Carcharinus
spp. (Carcharhinidae) (23%), Dasyatis spp. (Dasyatidae) (9.8%), Rhinobatus spp.
(Rhinobatidae) (20.4%) and Rhincobatus spp. (Rhinobatidae) (14.5%).
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Catfishes
Catfishes formed about 4.65% of the total marine fish catch in Gujarat. The landing
of catfish decreased by 18% from 0.223 lakh tons in 2002 to that of 0.118 lakh tons in
2002 (Fig. 3) and the catch rate decreased from 160.9 kg.unit-1 in 2003 to 110.6 kg.unit1
in 2006. The average landings were highest in the last quarter (Fig. 5).
Prawns
The total penaeid prawn landings in Gujarat decreased by 38.6% in 2006 from
that of 2002, while the catch rate decreased by 34.1% in 2006 from that of 2003.
The catch was 0.218 lakh tons in 2002 and 0.134 lakh tons in 2006 and the catch rate
6.08 kg.h-1 in 2003 and 4 kg.h-1 in 2006 (Fig. 3). The catch and catch rate were the
highest in the final quarter (Fig. 5). Penaeid prawns formed 5.27% of the total marine
resources landed in Gujarat. There was a distinct shift in species composition of penaeid
prawns in 2006 from that in 2005. Parapenaeopsis stylifera (Penaeidae) was the dominant
species in 2005 contributing to half of the catch landed by trawlers, followed by
Solenocera choprai (Solenoceridae) (21%) and S. crassicornis (Solenoceridae) (19%).
However in 2006, S. crassicornis (65.4%) was the major contributor to the penaeid
shrimp fishery, followed by P. stylifera (18%) and S. choprai (8%).
The nonpenaeid shrimps formed about 13.38% of the total marine catch in Gujarat.
There has been a tremendous increase in both catch (47%) and catch rate (206%) of
nonpenaeid prawns over the years. An estimated catch of 0.587 lakh tons of non-penaeid
shrimps landed during 2002 increased to 0.863 lakh tons in 2006 (Fig. 3). The final
quarter recorded the maximum in terms of catch and catch rate (Fig. 5). Acetes spp
(70.33%), Nematopalaemon tenuipes (17.34%) and Exhippolysmata ensirostris (12.05%)
were the constituent species in all the years.
Crabs
Crabs contributed on an average 2.38% to the total marine landings in Gujarat.
There has been a huge increase in the landings of crab from 0.043 lakh tons landed in
2002 to 0.213 lakh tons landed in 2006 (Fig. 4). The catch rate also increased similarly
from 1.44 kg.h-1 in 2003 to 6.38 kg.h-1 in 2006. Crab catches were chiefly composed of
low value species such as Charybdis sp. (Portunidae) and Thalamita crenata (Portunidae).
Crabs of commercial significance such as Charybdis ferriatus formed only an
insignificant portion (5.62%) of the catch.
Cephalopods
The cephalopod landings in Gujarat increased by more than two folds during the
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five year period from 0.234 lakh tons in 2002 to 0.49 lakh tons in 2006 (Fig. 3), with a
concomitant increase in catch rate from 5.05 kg.h-1 in 2003 to 14.74 kg.h-1 in 2006.
Fourth quarter was more productive followed by the first quarter (Fig. 5). The cephalopod
resource was constituted mainly by Loligo duvaucelli, Sepia pharaonis and S. aculeata.
The cephalopod landing in the pre monsoon period was dominated by L. duvaucelli but
in the post monsoon period it was dominated by S. aculeata.

Discussion
The total marine fish catch has increased from less than one lakh tonne in 1971
to more than five lakh tons in 2006. The increase of catch in the last quarter could be
attributed to the resumption of fishing activities after ban during the monsoon period.
The reduction in the catches of high value penaeid shrimps and increased demand for
cephalopods and demersal finfish resources like threadfin breams and other perches has
resulted in trawlers extending their operation to deeper waters and increasing the number
of fishing days per trip.
Nair et al. (2003) reported decreasing contribution of Bombay duck from 30% of
the total marine catch in 1975-1979 to 15% in 1995-1999 which is similar to the
observations recorded in the present study. Similarly, Nair et al. (2003) reported
increasing contribution of ribbonfish from 5% of the total marine catch in 1975-1979 to
11% in 1995-1999. Kasim et al. (2002) recorded an average seerfish catch of 0.129 lakh
tons during 1995-1999, contributing 2.2% to the total fish catch of Gujarat. Similar
landings of tuna (0.08 lakh tons) from the coastal waters of Gujarat were reported by
Pillai et al. (2002) during 1985-1999. Thunnus tonggol is a species widely distributed
in the shelf edge and slope waters and the expansion of the fishing grounds with enhanced
exploitation of large pelagics from deeper waters is the causative factor for the increased
representation of this species in the total tuna landing. The emergence of a fishery in
2006 for T. albacares and S. orientalis is an important change recorded in the tuna
fishery over the years.
The demersal resources accounted for 35 – 37% of the annual average marine
fish catch during 1971-2000 (Kizhakudan et al., 2003), but recently there has been a
shift in resource composition with the virtual disappearance of whitefish (Lactarius
lactarius, Lactariidae), threadfins and larger sciaenids (Ghol and Koth) and the
dominance of lesser valued croakers. Continued indiscriminate fishing of aggregations
of large sized gravid females in the coastal waters has resulted in the virtual disappearance
of ghol and koth from the fishery. The contribution of croakers to the demersal fish
catch has decreased from 45% (Nair et al., 2003) in 1975-1999 to the present level.
Sciaenids contributed on an average 24% to the total fish catch during 1975-1979 (Nair
et al., 2003). The landing of lizardfishes was an increase when compared to the negligible
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0.2% (Kizhakudan et al., 2003) contribution in 1975-1979. The proportion of S.
undosquamis in the lizardfish catch has shown a gradual increase over the years at the
expense of S. tumbil. In recent years, the catch of pomfrets has reduced drastically from
the 5 - 6% contribution during 1975-1989 (Nair et al., 2003). The fishery of
elasmobranchs has also registered a decrease when compared to 5 – 7% contribution in
the period from 1975-1999 (Nair et al., 2003).
Crustaceans formed about 17% of the average annual marine fish catch of Gujarat
during 1971-2000 (Kizhakudan & Thumber, 2003), but their increasing contribution in
the last half decade could be attributed to the huge amount of nonpenaeid landings by
dolnetters. The operation of multiday trawlers (5 - 8 days) in deeper waters (80 - 100 m)
for cephalopods and the increase in the landings of nonpenaeid prawns by both trawl
and dol nets has resulted in decline of penaeid prawn fishery over the years. Moreover,
this increase in the number of long-trip operations has also effected a change in the
composition of penaeid shrimp landings, with decline in the contribution of
Parapenaeopsis spp. and Metapenaeus spp. (Penaeidae) and a corresponding increase
in the contribution of Solenocera spp. Similar results on the contribution of Acetes spp.
to the total nonpenaeid catch was reported by Kizhakudan & Thumber (2003). The
contribution of crabs was an increase from the 7% contribution to the crustacean catch
during 1975-1999 (Nair et al., 2003). Similar to the present study, Kizhakudan & Thumber
(2003) reported that in the coastal waters of Gujarat commercially important crabs
formed less than 10% of the total crab landings. The contribution of lobsters to the
crustacean landings was marginal and has decreased from 8.2% in 1971-1975 to less
than 1% in 2002-2006.
The dominance of L. duvaucelli in the premonsoon period and that of S. aculeata
in the postmonsoon period was because of the shift in fishing grounds by trawlers from
near shore to off shore areas in the post monsoon period. An alarming nature of the
fishery was the large scale capture and export of juvenile squids mostly measuring less
than 5 cm, commercially called nipple squids, which would threaten the sustenance of
the fishery.

Conclusion
There was a shift of trawling operations over the years from single day trawling
to multi day trawling. Multiday trawl operations aimed at exploitation of valuable target
species with specific gears and in specific fishing grounds. The present annual catch is
nearing the potential yield of 5.7 lakh tons estimated for Gujarat. However, bulk of the
fish catch of the state is composed of low value species, which are sundried, or block
frozen and exported to China and Southeast Asian countries. The production of larger
sciaenids, larger perches, pomfrets, threadfins, penaeid prawns, lobsters, eels, clupeids
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and mullets are declining very fast and have reached a critical level. Some of the valuable
fishes like larger sharks and whitefish had completely vanished from the fishery of the
state. The fishery at present is dominated by low value fin and shell fishes like smaller
croakers, carangids, Bombay duck, ribbonfishes, threadfin breams, lizardfishes, flatfishes
and nonpenaeid prawns. The management options suggested for revitalizing the
dwindling fishery of the state, are regulation of fishing effort, operational ban on gill
netters during monsoon as they are actively engaged in fishing of gravid females of
ghol, koth, dara and lobsters, regulation of cod end mesh size for trawls since they
exploit juveniles and sub adults of commercial species in large quantities and also
regulation of mesh size for dol nets as smaller mesh leads to destructive fishing of
juveniles of white pomfrets.
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Abstract
Hooghly-Matlah estuarine system in the state of West Bengal (India) is estimated to cover
about 8000 km2 sustaining important multi-species commercial fishery. A study was undertaken
during April 2005, to find out the nature and present status of the fishing gear and practices and
the results are presented in this paper. Gill net, bag net, lift net, drag net, purse net, seine net, cast
net, skimming net, lines, barriers and traps are the predominant gears operated. Been jal or
Behunti jal is a stationary bag net with a wide mouth of about 27 m and with very small codend
mesh size (about 2 mm). Char-pata jal is a screen barrier made of netting with very small meshes.
Chat ber is a fine meshed seine operated for harvesting juveniles. Sitki jal is a skimming net
made of polyethylene netting of very small mesh size (about 2 mm), used for fry and fingerling
collection in the middle reaches of the estuary. All these nets are non-selective and highly
destructive in nature. The paper discusses the design, rigging and operational aspects of the
important gears in the Hooghly-Matlah estuarine system and suggests improvements required in
the context of responsible fishing.

Introduction
Information on the existing fishing gears and methods is a prerequisite for the
management of fishery resource system. Hooghly River in the state of West Bengal is a
tributary of the Ganga river system in the northeastern India. It is formed by the junction
of the Bhagirathi and Jalangi rivers at Nabadwip and it flows about 260 km towards
south to the Bay of Bengal. Pillay (1967) reported that the Hooghly-Matlah estuarine
system is estimated to cover about 8000 km2. Pantulu and Bhimchar (1964) reported
that in the main channel, Hooghly, the tidal influence is felt to about 290 km from the
sea. Several commercially important fishes like hilsa shad (Tenualosa ilisha, Clupeidae),
fourfinger threadfin (Eleutheronema tetradactylum, Polynemidae), other threadfins
(Polynemus spp., Polynemidae), catla (Catla catla, Cyprinidae), rohu (Labeo rohita,
Cyprinidae), long whiskers catfish (Mystus gulio, Bagridae), mullets (Liza spp.,
*Corresponding Author :
E-mail address: mpremesan@gmail.com
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Mugilidae), pama croaker (Otolithoides pama, Sciaenidae), anchovies (Coila spp. and
Setipinna spp., Engraulidae), yellowtail catfish (Pangasius pangasius, Pangasiidae),
rita (Rita rita, Bagridae), Blackfin sea catfish (Tachysurus jella, Ariidae), other sciaenids
and prawns inhabit in the system and support the commercial fishery of the region.
A wide variety of fishing gears and methods are operated round the year in
this estuarine system for commercial and subsistence fishing. Different fishing gears of
the estuary have been described by Hornell (1924; 1950; Naidu 1942; Jones 1959a;
1959b; Mitra 1952; Pillay & Ghosh 1962 and Dutta 1973). De (1987) identified 27
types of fishing gears belonging to nine major categories. Based on the mode of operation,
fishing gears of Hooghly River have been classified into 11 groups by Mitra et al. (1987).
Bag net fishery of lower Hooghly estuary was reported by Karmakar et al. (2005).
Details of design and technical specifications of fishing gears from the Hooghly river
sytem have not been adequately reported so far. In this paper, the results of the study
conducted on the design and methods of operation of different fishing gears, operated
in the system, are discussed along with suggestions for their improvements in the context
of responsible fisheries.
Materials and Methods
The study on the fishing gears of Hooghly river was undertaken during April
2005. Details of design, fabrication, mode of operation, target species and type of craft
employed were collected from eleven fishing villages located along the Hooghly river
from Kallyani to Howrah bridge (Table 1).
Table 1. Sampling centers and major fishing gears operated in Hooghly river
No. Name of village

Local name fishing gear

Type of gear

1

Katni jal/ Moi jal/ trawl

Drag net

Been jal

Bag net

Dholi

Gill net

Sanglo

Purse net

Cord jal/ Phash jal

Surface drift gill net

Gonodholi

Surface drift gill net

Chat ber/ Charpata jal

Shore seine/ barrier

Sitki jal

Skimming net

Phash jal

Surface drift gill net

2

3

Bichali ghat

Devithala

Navaganga

299

Asian Fisheries Science 22 (2009): 297-308

4

Chandan nagar

Basal jal

Lift net (mobile)

5

Bupenloth nagar

Pilkhana/ Tana jal

Seine

Kavla jal

Cast net with pocket

Ghuni

Prawn trap

Cheep

Pole and line

Bat jal

Scoop net

Tana jal

Seine

Sadi jal / Currentjal

Gill net

Been jal

Bag net

Sol jal

Seine

Khatal / Kumad

Fish Aggregating Device

Chai / Pelli

Fish trap

Dhuar

Prawn trap

Thopa jal

Scoop net

6

7

Basudevapur/ Triveni

Kunti ghat

8

Gandi ghat

Pata jal/ Ghera jal

Barrier

9

Titali ghat

Down

Long line

Jag/ dal / Kathas

Bush park

Been jal

Bag net

Phash jal

Surface drift gill net

Kata

Bottom drift gill net

10

Bag Bazar

Hook and line

11

Bada bazaar/ Howrah

Cheep

Pole and line

Been jal

Bag net

Design details were collected based on the methods suggested by Miyamoto
(1962). Data was collected by examining representative samples of gears as well as
interviewing fishermen and net makers. The design drawings were made following
Nedlec (1975).

Results
Ten major groups of fishing gears were identified from the 11 villages surveyed
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during the study. Bag nets, gill nets, purse nets, lift nets, drag nets, seine nets, barriers,
traps, cast nets and lines are the prevalent fishing gears
Main fishing seasons for important gears and the target species of each gear are
given in Tables 2.
Table 2. Main seasons and target species of different gears
No

Type of gear

Main season

Major species caught

1

Bag net

November - June

Setipinna spp., Otolithoides pama,
Pangasius pangasius, prawns,
Polynemus, sp, Coila spp.

2

Gill nets

All seasons

Tenualosa ilisha, Pangasius sp.,
Polynemus sp., Rita sp., Mystus spp.
Catla catla, Labeo rohita

3

Purse net

All seasons

Tenualosa ilisha

4

Lift net

All seasons

Prawns and small fishes

5

Drag net

All seasons
except monsoon

Prawns and small fishes

6

Cast net

All seasons

Prawns and small fishes

7

Hooks and lines

All seasons

Pangasius pangasius,
Otolithoides pama, Polynemus sp,
Rita rita

8

Seines

December- April

Tenualosa ilisha,
Tachysurus jella, Setipinna spp.,
Otolithoides pama,

9

Screen barrier

All seasons

Otolithoides pama, Pangasius
pangasius, Lisa spp., Catla catla,
Wallago attu, Mystus gulio, prawns

10

Traps

All seasons
except monsoon

Prawns

Source: Mitra et al. (1987)
Bag net
Been jal or Bhhunti jal
The been jal is a long bag net with a wide mouth and narrow codend made of
small meshed netting designed for operation in tidal areas (Fig. 1). The net is about 25
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m long, 7 m wide at the mouth portion with long wings of about 10 m length and 2 m
width on both side of mouth. It is made of polyethylene netting with 40 mm mesh size
near the mouth, which reduced to 10 mm in the codend. There is a flap inside of the bag,
near the codend to prevent the fish from swimming out. The smaller version in vernacular
is known as thor jal.
Two fishermen and a canoe are required for the net operation. It is operated like
other fixed bag nets by fixing it where the tidal current is strong. The net is operated
throughout the season and the peak season is during November – June. The mouth of
the net is kept open by means of two bamboo poles, which are fastened to the upper and
lower margins of the net mouth. In deeper areas instead of poles, two heavy wooden
anchors or stout wooden spikes driven into the river bed are used to fix the net. Two
large drums are tied to the upper wing on either side of the mouth to keep the mouth
open.

Figure 1. Design of a bag net

Gill nets
Gill nets are the most common fishing gear found in the river. The net is made
of Polyamide (PA) multifilament or monofilament. At present gill nets made of
monofilament are maximum in number. Technical specifications of different gill nets
and the target species are given in Table 3. Design details of Hilsa and Pangasius gill
nets are shown in Fig. 2 and 3. De (1987) has broadly classified the gill net as gill net
with foot rope and set gill net with foot rope.
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Table 3. Specification of gill nets used in the estuary
Local
name

Type of
Material
operation
(mm)

Mat. Size/
specific.
(No)

Mesh
size

Mesh in Hang.
depth
Coeft.

Dholi

Surface
drift

PA mono,
PA multi

0.2,
210Dx1x3

50

100

0.5 - 0.6 Tenualosa ilisha

Phash jal

Surface
drift

PA multi

210Dx3x3

200

70

0.5

0.16mm

30-35

100

0.4 - 0.6 Clupeids,
Setipinna sp.
Gobids, Mystus sp.

0.2

100

100

0.4 0.65

Gonodholi Surface & PA mono
bottom
drift

Surface
drift

PA mono

Figure 2. Design of gill net for hilsa shad

Target
species

Pangasius
pangasius,
Mystus sp.,Rita rita

Tenualosa
islisha,Pangasius.
pangasiusCatla
catla, Labeo
rohita
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Figure 3. Design of gill net for yellowtail catfish

Drag net
Moi jal
Moi jal is also known as “trawl” in West Bengal. It is a multi-walled drag net of
about 8x 1.5 m size. About one third of the lower edge of the netting is doubled up on the
front side and sewn along the sides forming a long pocket in the whole width of the net
(Hornell, 1924). Front upper panel is made of 2 mm dia polyamide tyre cord with 400
mm mesh size whereas the lower panel is made of polyamide 210Dx1x2 with 15 mm
mesh size followed by 12 mm and 10 mm mesh size. A panel made of polyethylene
netting with 2 mm twine size and 10 mm mesh size is attached to the lower part of the
net for protection. The backside panel of the net is made of small mesh netting with
about 4 mm mesh size. Other details of the net are given in Fig. 4.
Barrier net
Char pat jal
The barrier net known as Char pat jal iksn is operated in shallow areas where
the bottom gets partially or fully exposed during low tide. The net is several meters
long and about 3-4 meters wide made of netting with very small meshes. The netting is
mounted to a slender rope on the upper side and a stout rope in the lower side.
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Figure 4. Design and operation of drag net

The net is operated especially during spring tide in the winter season. During low
tide fishermen fix a series of poles parallel to the shore. Then the footrope is tied to the
base of the poles and the whole net is allowed to flush with the ground, with strings
from the head rope attached to the tope of the poles here and enable the net to be raised
when required. At the peak of the high tide fishermen go there in boats and raise the
head rope and fix it on to the poles above water line. When the tide recedes the fishes
get trapped inside the barrier and the fishermen enter inside and collect the fishes.
Lift net
Basal jal
The lift net known as Basal jal is operated with the help of fixed fulcra
planted on the riverbed, on the high bank of a river or on the side of a boat (Fig. 5) The
net is triangular in shape with about 8 m size on all the sides. The net is made of polyamide
multifilament with 20 mm mesh size in the front and it increases to 70 mm towards the
base. The net is rigged to two long bamboo poles on both sides, the base of which is tied
together and fixed to the lifting device in the canoe or platform.
Four fishermen are required for the operation. The canoe moves sidewise and it is
operated from the side of a canoe. The net is dipped in water and the canoe moves
keeping the net close to the bottom. The net is lifted periodically and catch is collected
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from the base of the net. A fixed lift net is dipped for some time and is lifted to remove
the catch. Hilsa shad and carps form the main components in the catch.

Figure 5. Stationary lift net (Basal jal)
operated in Chandan nagar fishing
village (West Bengal)

Skimming net
Sitki jal
This net also looks like a small basal jal made of netting with very small
meshes. The triangular net is mounted to bamboo poles on all sides. It is operated in
shallow areas by a man wading in water and pushing the net along the bottom. Periodically
the net is lifted to remove the catch. Usually it is operated to collect fish and prawn seed
for selling to the fish farmers.
Discussion
Naidu (1942), Jones (1959a) and Pillai & Ghosh (1962) have described the
operation of fixed bag nets from the system. In deeper areas, instead of poles two heavy
wooden anchors or stout wooden spikes driven into the riverbed are used to fix the net
(Pillai & Ghosh, 1962). De (1987) reported that about 4000 bag nets were in operation
in the Hooghly rive and contributed more than 60% of the catch from the system. More
than half of the catches of the bag nets consist of Bombay duck (Harpadon nehereus,
Synodontidae) and prawns. Remaining part is constituted by hairtails (Trichiurus spp.,
Trichiuridae), Elongate ilisha (Ilisha elongata, Pristigasteridae), anchovies, pama
croaker, yellowtail catfish and threadfins. Pillai & Ghosh (1962) reported that the net
after hauling may again be set against the then prevailing tide. Recruitment of penaeid
prawns from the sea into the backwaters takes place predominantly during high tides
and therefore it is important that the existing ban on high tide operation in the backwaters
be rigorously implemented (Thomas et al. 2007). Whenever series of bag nets are set,
3-4 m distance between adjacent nets should be maintained.
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Gill nets are operated through out the season during the high tide predominantly
as surface drift mainly for hilsa shad, yellowtail catfish, other catfishes, Rita , anchovies,
gobies, threadfins and major carps. Jones (1959a) reported that when drift gill nets are
operated at night a light is kept burning on the small raft attached to one end of the head
rope to have an idea on the position of the net. Ilish dholi (hilsa gill net) is extensively
used during winter seasons in the upper reaches of the river to catch migrating hilsa
shad. Barang is a bottom set net operated in the lower zone to catch barramundi (Lates
calcarifer, Latidae), threadfins and catfishes. Shele jal is a bottom drift net operated for
polynemids, catfish and pomfrets (De 1987).
Seine nets are also described as dragnets by some authors. In Hoogly larger version
of such nets are reported as kanti by Mitra (1987). Bachuru jal is a similar net in
Brahmaputra.It consists of two horizontal layers of webbing of different mesh size (Joseph
& Narayanan, 1965). According to De (1987) charpata has a number of pieces, each
about 7 m long and 3-4 m wide. Some fishermen use lead sinkers for the foot rope to
keep the lower edge in the bottom (Remesan 2006). Though the net is operated
continuously the peak fishing season in the system is between December and April.
Prawns and small fishes form the major share of the catch (Remesan & Ramachandran,
2007). Adoption of closed area and season can save a large amount of juveniles from
being caught since increasing the mesh size is not acceptable to the fishermen.
Long walls of the net fixed in shallow waters along the bank are known as barrier.
Hornell (1924); Krishnamurthy & Rao, (1970), Kurian & Sebastian (1986); Mohan Rajan
(1993) and Remesan & Ramachandran (2008) reported that screen barriers are extensively
used in the backwaters of Malabar and in Hooghly by Jones (1959b). PE netting with
very small mesh size is used for the construction of the net. Screens are set along the
shore and there is no separate catching chamber for this kind of gear in Hooghly. This
type of trap is fixed during the high tide and removed during the next low tide and the
fish actively swim up into the barrier. During low tide the enclosed area gets exposed
and the fishes get trapped between the shore on one side and screen on the opposite side.
A variety of fishes are caught in the net and because of the smaller mesh size juveniles
form major portion of the catch.
Fixed lift nets are operated along the course of the river whereas the operation of
movable lift net is confined to the lower parts. According to Joseph & Narayan (1965) a
hexagonal netting of suitable size is loosely hung to the frame in such a way as to give a
miniature bag shape to the rear end of the net. The net forms a conical bag under the
pressure of water currents when it is dipped against the current. The two bamboo poles
act as a fulcrum so that when the net is lifted by applying weight at the base the central
porting comes about 1.5 m above the water surface (Kibria, 2005)
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Clap nets
This is actually a trap the oval shaped mouth of which is kept open using two
bamboo splinters, each measuring about 16 m length. Clap nets or purse nets (sanglo)
are operated during winter season to catch hilsa shad migrating towards upper side of
the river for breeding. The net is dipped against the current and when the fish strike the
net the feeler rope is pulled immediately to close the net mouth and the trapped fish is
removed by lifting the net.
Traps, lines, cast net and scoop nets are operated in the middle and upper reaches
of the river. Fish aggregating devices made by implanting cut tree branches in shallow
areas are also seen in the upper reaches, which are usually harvested after the lapse of a
few weeks.
Conclusion
Use of polyethylene netting with very small mesh size of about 2 mm
(‘mosquito net’) for the fabrication of barriers, drag nets, bag nets, lift nets and skimming
nets which form the major groups of fishing gears in the system is detrimental to the
fishery resources. FAO Code of Conduct for Responsible Fisheries (FAO 1995)
highlighted the importance of minimizing waste and discards in fisheries by developing
and using selective, environmentally safe and cost-effective fishing gear and techniques.
Nets made of very small netting will capture all sizes of fishes, a major share of which
are liable to be discarded. Such practices will affect the biodiversity of all the associated
water bodies and hence need to be prevented by educating the fishermen. The operation
of a fixed bag net during the high tide is harmful as the net captures large quantities
juveniles entering into the estuarine system. Since the increase in the codend mesh size
is not acceptable to the fishermen, operations during the high tide need to be prohibited.
Fishermen usually collect a large quantity of fish and prawn seeds from the river for
aquaculture purposes, which is also leading to the decline in the capture of fishery
production.
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Abstract
Multiple handline fishing was carried out in payaw-deployed areas in waters off the
Northwestern Ilocos coast. Three handlines with varying hook distances (50, 75, and 100 cm)
attached to the mainline baited with red and silver artificial lures were used in the study. Fishing
operations were done in the morning and in the afternoon. The main objective was to determine
which of the artificial lures, hook distances and time of fishing oper ation are effective catch
rates of handlines. Results showed that handlines with hook spacing of 100 cm, baited with
red lure operated in the morning performed better in terms of catch and income. Landings of
Yellowfin tuna (Thunnus albacares, Scombridae) was highest in the landings, followed by
roundscad (Decapterus macarellus, Carangidae) and Skipjack (Katsuwonus pelamis, Scombridae).

Introduction
Municipal fishermen in the country use several fishing methods, which they employ
for their daily subsistence. One kind of a simple and easy to operate fishing gear is a
multiple hand line. This is a type of handline composed of a single vertical line with a
small series of barbed hooks attached to it by spreaders at regular intervals. Each
branchline has a length of 15 cm and is attached to the mainline at intervals of 30 cm
(Umali 1950). Baits used are either natural or artificial lures. The gear is generally
operated during the day for catching species of fish on coral reefs and more recently,
pelagic species of fishes such as tuna, tuna-like species, swordfish and others.
Multiple handline is the third most popular fishing gear used by the local fishermen
in Ilocos Norte (Asia et al. 2001). Accordingly, this fishing gear is also one of the most
productive and profitable fishing gears and contributes much to the fishermen’s income.
With the introduction of fish aggregating devices (locally known as “payaw”) in the
Ilocos provinces in the 1980s, line fishing has been found to be effective for harvesting
fish in payaw deployed areas. Troll line was the first fishing gear used by local fishermen
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in payaw areas and in the early 1990s, multiple handline fishing was introduced by the
local fishermen.
Choosing the right lure or bait is one of the biggest problems of fishermen (Evanoff
1974). Most fishermen consider hand line fishing using artificial lures as one of the
best ways of catching fish. Artificial lures are designed to simulate natural prey of the
target fishes (Evanoff 1961) and has the advantage of being reusable.
This study was undertaken to determine (1) the catch composition and relative
abundance of fish caught by multiple handline fishing in payaw areas; (2) the catch per
unit of effort per gear per fishing operation; (3) the most effective color for the artificial
lure; (4) optimum distance between hooks in the handline; (5) best time of the day to
operate the fishing gear; and (6) assess the economic profitability of multiple handlines.

Materials and Methods
Location of the study area
The study was conducted in fish aggregating devices (locally known as “payaw”)
set in the waters off the Northwestern Ilocos coast, Philippines from February to April
2000. Fig. 1 shows the approximate location of the payaw units where the experimental
fishing operations were conducted.

Figure1. Approximate location of payaw units where the study was conducted.
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Experimental design
Three multiple handlines, each with a length of 25 meters consisting of 9 hooks
per fishing gear, were used in the study. The first handline had a 50 cm distance in
between hooks, the second, a 75 cm distance and the third, a 100 cm distance. Each
hook was covered with colored lure (red or silver). The lures were kept in motion through
the water by jigging (an up and down movement of the arm) while drifting. Structure
and operation of a typical handline are given in Fig. 2. Comparative fishing trails with
the experimental handlines with different rigging and lure colors were conducted during
06:00-10:00 h in the morning and 14:00-18:00 h in the afternoon. Details of experimental
design used for the comparative fishing trials are given in Table 1.
Table 1 Details of experimental design
Sl. No

Hook spacing

Colour of lure

Time of operation

I.

50 cm

Red

06:00-10:00 h

3

Red

14:00-18:00 h

3

Silver

06:00-10:00 h

3

Silver

14:00-18:00 h

3

Red

06:00-10:00 h

3

Red

14:00-18:00 h

3

Silver

06:00-10:00 h

3

Silver

14:00-18:00 h

3

Red

06:00-10:00 h

3

Red

14:00-18:00 h

3

Silver

06:00-10:00 h

3

Silver

14:00-18:00 h

3

II.

III.

75 cm

100 cm

Replicates

Analysis of data
Catch composition and relative abundance were determined in terms of number
and weight using the following formula:
Catch (kg or number) species-1 gear-1
Relative abundance (%) =

x 100
Total catch (kg or number) of all species gear-1

312

Asian Fisheries Science 22 (2009): 309-317

Catch per unit of effort was also determined using the following formula:
Total catch (kg) day-1
CPUE =
Fishing time (h)
Analysis of Variance (ANOVA) was employed to determine the differences in
yield with respect to hook spacing, colors of lure and time of the day. F-test was used to
test the null hypothesis of no differences among treatment means. A t-test using the
Duncan’s Multiple Range Test (DMRT) was further employed for multiple comparisons
among treatments when the result of the F-test showed a significant difference.
A simple cost and return analysis was done for each of the three multiple hand
lines with different colored lures to assess their profitability.

Figure 2. A typical multiple handline (after Umali, 1950) and structure experimental lure (inset)

Results
Species of fish caught and their relative abundance
The fishing gear mainly caught three species of fish, namely; yellowfin tuna
(Thunnus albacares, Scombridae), roundscad (Decapterus macarellus, Carangidae)
and skipjack (Katsuwonus pelamis, Scombridae). Yellow fin tuna dominated the catches
both in terms of weight and number (Figures 3 and 4). Yellowfin tuna and skipjack
belong to the large pelagic species of fish while the round scads belong to the small
pelagic species of fish. Total catch during the experimental operations were 250 kg
(545 nos).
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The yellowfin tuna had the highest relative abundance of 53.64 % and 51.38 %
in terms of weight and number, respectively, followed by round scads (33.96 % by
weight and 36.33 % by number) and skipjacks (12.40% by weight and 12.29% by
number).
Catches of yellowfin tuna ranged from 22 cm to 36 cm in total length with an
average of 29.73 cm while the round scads also ranged from 22 cm to 36 cm but with an
average of 31.06 cm. The catches of skipjack ranged from 22 cm to 37 cm with an
average of 28.76 cm.

Figure 3. Catch composition of experimental multiple handlines (in terms of weight)

Figure 4. Catch composition of experimental multiple handlines (in terms of numbers)

Catch per unit of effort
Table 2 shows the catch per unit of effort (CPUE) for each set of experimental
handline. Results show that, although there was no significant difference observed, the
multiple handline with 100 cm hook spacing baited with red lure had the highest CPUE
of 2.04 kg h-1, followed by silver lure (1.43 kg h-1). The CPUE of the multiple handlines
tended to increase with increasing hook distances and red lures obtained comparatively
higher CPUE than silver lures.
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Table 2. Catch per unit of effort (kg hr-1) of experimental multiple handlines.
Lure colour
Hook spacing __________________________________Mean
Red
Silver
50 cm
75 cm
100 cm

0.365 a
0.675 a
2.043 a

0.293 a
0.416 a
1.428 a

0.329 a
0.545 a
1.735 a

Difference

0.072
0.259
0.615

Means with same superscript in a column are not significantly different at 5% level

Effect of color of lure on yield
Results show that there is no significant difference in catch between the red and
silver lures used in different experimental multiple handlines, both in terms of weight
(Table 3) and number (Table 4). However, the catch from handlines with the red lure
was generally performed better compared to the silver lure.
Table 3. Mean catch per day (kg) by different experimental handlines
Lure
Hook Distance __________________________________ Mean
Red
Silver
50 cm
75 cm
100 cm

5.833 b
10.800 b
32.667 a

4.667 b
6.667 b
22.833 a

5.250 b
8.733 b
27.750 a

Difference

1.167
4.133
9.833

Effect of time of fishing operation on yield
Catch (kg) obtained by the handlines was significantly different (p < 0.05) between
the two fishing periods (morning and afternoon) and the yield was comparatively higher
in the morning. However, the fishing gears baited with silver lure had no significant
difference in catches in both morning and afternoon fishing operations (Table 5). This
means that the fishermen can have a better catch in the morning using the fishing gears
baited with red lure and with the 100 cm distance in between hooks.
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Table 5. Average catch per operation (kg) of experimental handlines at different
times of the day.

Fishing time

Lure
______________________________ Mean
Red
Silver

Difference

06:00-10:00 h

10.67 a

6.17 a

8.42 a

4.50

14:00- 18:00 h

5.77 b

5.22 a

5.50 b

0.55

Means with same superscript in a column are not significantly different at 5% level
Profitability analyses of the different multiple handlines
Results of the profitability analyses showed that the 50 cm distance in between
hooks multiple handline with both the red and silver lures had negative returns of
investment (ROI) of –41.90 and –53.40, respectively (Table 6). This means that this
fishing gear is not economically viable for the fishermen.On the other hand, handline
with 75 cm distance between hooks with red lures performed better with ROI of 7.40
but the gear with silver lure had a negative ROI of –33.70. The highest ROI among the
experimental handlines evaluated was given by the handline with 100 cm distance in
between hooks with red lures (225.12), followed by the design with silver lures (127.90).
The ROI of the multiple handlines with 30 cm distance in between hooks with different
lures which is generally used by fishermen in the province is 6.70 (Asia et al. 2001).
The overall result of the study shows an increasing ROI of the fishing gears with increase
in the distance between hooks and the red lure gave a higher value of ROI.
Table 6. Efficiency indicators of the different experimental handlines.
Efficiency Indicators
Fishing gear

Gross margin

Cash
Requirement

Gross margin
per Unit of Cash
Expense

Return on
Investment
(ROI)

50 cm Hook Distance
a. Red Lure
b. Silver Lure

-252.69
-322.29

603.09
603.09

-0.419
-0.534

-41.90
-53.40

75 cm Hook Distance
a. Red Lure
b. Silver Lure

44.91
-203.49

603.09
603.09

0.074
-0.337

-7.40
-33.70

100 cm Hook Distance
a. Red Lure
b. Silver Lure

1357.71
767.31

603.09
603.09

2.251
1.272

225.10
127.20
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Discussion
Two species of large pelagic fish, viz., yellowfin and skipjack and one species of
small pelagic fish (round scad) comprised the catch of the experimental fishing using
multiple handlines. Data show that yellowfin tuna was the most abundant both in terms
of number and weight. Catch per unit of effort was also highest with this species.
Hence, multiple handline fishing can be advantageously used for selective fishing for
yellowfin tuna.
Lure with red color obtained better catch during comparative fishing. Multiple
handline design with 100 cm distance in between hooks showed higher catching
efficiency than those with lesser distances in between hooks. Further studies on the
maximum distance between hooks in order to improve the efficiency of multiple handline
fishing are required.
Profitability analyses showed an increasing trend of profitability with increase
in distance between hooks. Multiple handlines baited with red lure gave the highest
return on investment compared to those baited with the silver lure.
Based on this study, it can be concluded that multiple handline with 100 cm
distance between hooks and baited with red lure are more efficient and profitable. The
fishermen operating multiple handline can have a better catch in the morning compared
to afternoon.
Conclusion
Multiple handline with 100 cm distance in between hooks baited with a red lure
has proved to be an efficient gear and may be advocated for profitable operation by
fishermen for fishing in payaw deployed areas. However, a more detailed study may be
undertaken in order to further optimize the distance between hooks in multiple handlines
that would maximize the catch and profits. It can also be concluded that morning time
is more rewarding for operation of multiple handline in payaw-deployed areas than
afternoon.
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Abstract
Heavy metal accumulation in cephalopods has been one of the intricate issues in seafood
export scenario in India. In recent years, many export consignments of cephalopods processed in
Gujarat region were rejected on account of high levels of cadmium. To elucidate this problem,
cephalopods landed at different landing centres and processed by various processing units were
monitored during the period 2006-07. Among commercial samples of cephalopods, cuttlefish
tentacles (0.52±0.08 ppm), squid tentacles (0.28±0.02 ppm) and frozen octopus (0.59±0.1 ppm)
recorded highest accumulation of Cadmium. Organ-specific analysis revealed highest
accumulation of Cd in the gut of Sepiella inermis (3.34±0.43 ppm) and Squid Uroteuthis
(Photololigo) duvauceli (5.31±0.43 ppm). Similarly, in the Purpleback flying squid Sthenoteuthis
oualaniensis, which is now a days landed by multiday fishing trawlers, highest residue level of
Cd was observed in the liver (568.5 ±15 ppm), followed by gills, eyes and tentacles. Among
different species of Octopus, highest accumulation was recorded in Octopus macropus (2.28±
1.11 ppm), followed by O. membranaceus (1.86 ±0.35 ppm) and O. defilippi (1.72 ±0.82 ppm).
In order to find out the source of Cd, simulation studies were carried out by soaking squid
muscle in ink, signifying the fact that poor post harvest handing and consequent rupture of ink
sac, followed by soaking in ink-mixed water could be a reason behind high levels of Cd
accumulation in cephalopods landed in Gujarat coast.

Introduction
Gujarat with about 20% of the country’s coastline, 33% of the continental
shelf area (1,64,000 sq. km) and over 2,00,000 sq. km of EEZ ranks second among the
maritime states in marine fish production (CMFRI 2005). The annual marine fishery
potential of the state is estimated at 0.57 million tons (CMFRI 1997), which is about
17% of the all-India potential. The width of the Indian continental shelf is greatest off
Gujarat offering scope for exploitation of several types of finfish and shellfish resources
* Corresponding author: Tel.: 02876-231297
E-mail address : murthycift@gmail.com
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by both traditional and mechanized fishing. The cephalopod landings in Gujarat increased
by more than two folds during the five-year period from 0.234 lakh tons in 2002 to 0.49
lakh tons in 2006, with a concomitant increase in catch rate from 5.05 kg.h-1 in 2003 to
14.74 kg h-1 in 2006. Total no. of fish processing units in Gujarat is 63, out of which 27
are EU approved units. Cephalopod landings in 2006 constituted 9.9% of marine landings
and 23% of marine fish export of Gujarat. The cephalopod resource is primarily
constituted mainly by Uroteuthis (Photololigo) duvauceli, Sepia pharaonis, S. aculeata
S. brevimana S. prashadi, Sepiella inermis and Octopus vulagris, O. membranaceus
and O. defilippi. These cephalopods were processed for various value added products
like rings, fillets, skewer, fruity mix and exported to Italy, Spain and other EU and nonEU countries. Cephalopods have a key role in many marine eco systems (Amaratunga
1983; Rodhouse 1989). They represent an essential link in marine trophic chains and
are found from polar to tropical ecosystems and both in shallow and deep oceanic
environments. One of the peculiar features of cephalopods is that they concentrate several
trace elements such as Ag, Cd, Cu and Zn at sometimes very high concentrations. Elevated
concentrations of such heavy metals, especially cadmium, not only results in
biomagnification, as they constitute a major food source for top predator species (Klages
1996), but also pose a health hazard to the human population that consume the species.
Recently, import regulations have increased on heavy-metal residues in fish. These
include arsenic, tin, cadmium, lead, chromium, mercury and nickel. The EU limits levels
of heavy metals and other environmental contaminants that can be present in fish and
fishery products. In general, levels are disallowed if dietary intake would likely exceed
acceptable daily or weekly intake for humans (Directive 91/493/EC). Member States
are required to implement a monitoring system to check the level of contamination of
fish and fishery products, produced both domestically and imported. Specifically, the
EU has published cadmium and 1mg/kg in cephalopods (Regulation 2001/466/EC).
Since 2004, heavy-metal residue has replaced antibiotic and microbiological
contamination as the biggest concern of the future. In the first half of 2004, more than
one-third of total Chinese seafood rejections in the U.S. were on account of high levels
of cadmium, mercury and other heavy metals. Heavy-metal concentrations are often
determined by variables such as water contamination, mining activity and effluent
treatment activities in the fishing region. (Kulkarni 2005). In 2004-05, there were four
rejections of export consignments sent from India to European Union countries on
account of high level of cadmium in cephalopods.
Considering the alarming state of cephalopod processing in Gujarat and frequent
rejections because of high cadmium level, the present study was carried out to monitor
the level of Cd in various commercial samples of cephalopods for the period 2006-07.
The present study also attempted organ-wise accumulation of cadmium in various species

Asian Fisheries Science 22 (2009): 319-330

321

of cephalopods and studied whether soaking of cephalopods in chilled water for weight
gain (as practised by suppliers for economic benefits) had any effect on further escalation
in cadmium levels.

Materials and Methods
Cadmium levels in commercial samples of cephalopods (squid, octopus and
cuttlefish) were monitored during the period 2006-07. In case of squid (Uroteuthis
Photololigo duvauceli), commercial samples obtained from various fish processing units
located at Veraval, Gujarat in the forms of fresh raw material, frozen raw material,
whole cleaned, frozen tubes, frozen rings, skewer and frozen tentacles were analysed.
Similarly, for the cuttlefish the commercial products were in the form of fresh raw
material, frozen whole cleaned, cuttlefish products and frozen tentacles were selected.
In Octopus, the commercial samples were in the form of fresh raw material, frozen raw
material and frozen whole cleaned. Samples were analyzed in triplicates, following the
method of AOAC official method 999.10 (AOAC 2000).
Samples were digested in Teflon containers using a microwave digester (Ethos
plus High Performance Microwave Labstation, Milestone, USA). Tissues were
homogenized, 3.0 g of wet tissue was weighed into 100 mL Teflon vials and digested
overnight with 7 mL of pure nitric acid (AR grade, specific gravity: 1.38, Qualigens,
India) and 3.0 mL of hydrogen peroxide. The microwave parameters were 700W power
for 1 hour, with 40 minute heating time and 20 minute ventilation time. The digested
contents were transferred to acid washed polypropylene bottles and made up to 25 mL
with double distilled water and subjected to Cd content analysis by Atomic Absorption
Spectrophotometer (GBC 932AA, GBC Scientific Instruments, Australia).
In order to determine, in which tissue Cd level gets accumulated in higher level,
organ-wise analysis of Cd level in different species of cephalopods such as Cuttlefish
Sepia pharaonis, Indian Squid Uroteuthis (Photololigo) duvauceli) and Purpleback flying
squid Sthenoteuthis oualaniensis was carried out. Freshly landed samples were obtained
from landing centre and Cd levels were analysed in different tissues like meat, tentacles,
skin, ctenidia (gills) and liver/viscera as per the procedure described above. In different
species of Octopus (Octopus vulgaris, Octopus defilippi, Octopus dolfusi, Octopus
macropus and Octopus membranaceus), the edible parts were analyzed for accumulation
of cadmium following the above described procedure.
In almost all landing centres of Gujarat, cephalopods are purchased by some
middlemen (i.e. suppliers), who in turn, sell them to fish processing units. But in the
process, they soak the species in chilled water for around 5-15 hours, so that cephalopods
adsorb water and thereby the weight of individual species increases and in the process
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the suppliers get higher price for Kg body weight. During soaking and also due to
improper handling and transport (by open transport vehicles commonly called as
“Chakda”), the pre-processing quality of the products deteriorates. There is a possibility
of rupture of ink sac and internal organs like liver, which could attribute to higher Cd
levels in cephalopods. In order to elucidate this phenomenon a simulated soaking
experiment was carried out in the laboratory for Sepia prashadi, Sepia brevimana and
Uroteuthis (Photololigo) duvauceli. The weight gain was measured at 0, 5, 10 and 15h
intervals and finally the Cd level was determined in meat and tentacles after 15 hours of
soaking.
For determining any significant difference among commercial products of
cephalopods, organ-wise Cd content and Cd levels in after 15 h of soaking, statistical
analysis was performed by one way ANOVA procedure of SPSS 12.0.1. The graphs
were plotted by using Sigma Plot 10.0. Mann-Whitney U Statistic was followed to
determine any significant difference in Cd accumulation level in different species of
Octopus.

Results
Cadmium levels in commercial samples of cephalopods
As shown in Fig.1, in 578 commercial samples of squid, highest mean (±S.E.) Cd
accumulation value of 0.286± 0.02 ppm was observed in tentacles followed by frozen
raw material (FZRM) 0.229± 0.012 ppm, skewer 0.221±.029 ppm, fresh raw material
(FRM) 0.207±.026 ppm, whole cleaned (WC) 0.205±0.013 ppm, squid rings 0.157±0.013
ppm and frozen tubes (0.147± 0.02) ppm.
FRM: Fresh Raw Material
FZRM: Frozen Raw Material
WC: Whole cleaned
FTube: Frozen tube
FRings: Frozen rings
Skewer
TTL: Frozen tentacles

Figure 1. Cadmium concentrations in commercial products of squid
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In FZRM, maximum content of 1.14 ppm was observed, which was beyond threshold
limit of 1 ppm as per EU norms. One way ANOVA showed significant difference between
Cd levels in different products of squids (P<0.05). Posthoc analysis b using S-N-K test
revealed Cd level in tentacles to be significantly different from other commercial products
of squid.
For 469 commercial samples of cuttlefish, as shown Fig. 2, highest mean (±S.E.) Cd
accumulation value of 0.524±0.078 ppm was observed in tentacles (TTL) followed by
frozen whole cleaned (FWC) 0.323±.014 ppm, frozen raw material (FZRM) 0.284±0.020
ppm, fresh raw material (FRM) 0..279 ± .021ppm and assorted products 0.276 ± 0.030
ppm.

FRM: Fresh Raw Material
FZRM: Frozen Raw Material
FWC: Frozen Whole cleaned
Prod.: Products
TTL: Frozen tentacles

Figure 2. Cadmium concentrations in commercial products of cuttlefish
In some of the FWC and TTL products of cuttlefish samples the Cd levels were
above the acceptable limit of 1 ppm. One way ANOVA showed significant difference
between Cd levels in different products of cuttlefish (P<0.05). Posthoc analysis b using
S-N-K test revealed Cd level in tentacles to be significantly different from other
commercial products of cuttlefish.
As shown in Fig. 3, for 43 commercial samples of octopus, highest mean (±S.E.)
Cd accumulation value of 0.587 ± .09 ppm was observed in frozen raw material (FZRM),
followed by fresh raw material (FRM) 0.5 ± 0.94 ppm and whole cleaned (WC) 0.455 ±
0.09 ppm.
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FRM: Fresh Raw Material
FZRM: Frozen Raw Material
WC: Frozen Whole cleaned

Figure 3. Cadmium concentrations in commercial products of Octopus
In some samples FZRM and WC, the Cd level was found to be higher than the
acceptable limit of 1 ppm. One way ANOVA showed no significant difference between
Cd levels in different products of octopus (P>0.05).
Organ-wise analysis of Cadmium accumulation
Cadmium levels were analysed in different organs of freshly landed specimens of
Sepia pharaonis, Uroteuthis (Photololigo) duvauceli) and Sthenoteuthis oualaniensis.
As shown in Table 1, highest mean (±S.E.) In Sepia pharoanis cadmium level of 27.114±
8.76 ppm was observed in liver/viscera, followed by gills 2.904± 0.45 ppm, skin 1.444±
0.29 ppm, tentacles 0.477± 0.07 ppm and meat 0.384± 0.04 ppm.
Table 1. Mean Cadmium content in different organs of cephalopods
Organs

Cuttlefish
Sepia pharaonis

Squid
Uroteuthis
(Photololigo)
duvauceli)

Purpleback flying
squid Sthenoteuthis
oualaniensis

Meat
Tentacles
Skin

0.384± 0.04 a
0.477± 0.07 a
1.444± 0.29 a

0.349 ± 0.07 a
0.421± 0.04 a
3.358 ± 0.97 b

0.47±0.21a
2.135±0.22b
1.784±0.04b
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Ctenidia (Gills)
Liver/Viscera

2.904± 0.45 a
27.114± 8.76 b

1.366 ± 0.2 a, b
2.659 ± 0.38 b

10.414±0.3c
568.5±15d

Mean values in the column with different superscripts are significantly different
(P<0.05)
In Uroteuthis (Photololigo) duvauceli), highest mean (±S.E.) Cd level was
observed in skin 3.358 ± 0.97 ppm, followed by liver/viscera 2.659 ± 0.38 ppm, ctenidia/
gills 1.366 ± 0.2 ppm, tentacles 0.421± 0.04 ppm and meat 0.349 ± 0.07 ppm. In
Purpleback flying squid Sthenoteuthis oualaniensis highest mean (±S.E.) Cd level of
568.5±15 ppm was observed in liver/viscera, followed by ctenidia (gills) 10.414±0.3
ppm, tentacles 2.135±0.22 ppm and meat 0.47±0.21 ppm. In all the species of
cephalopods, significant difference was observed in organ-wise accumulation (P<0.05).
Post-hoc analysis using S-N-K test revealed accumulation of cadmium in liver/viscera
of Uroteuthis (Photololigo) duvauceli) Sthenoteuthis oualaniensis and was significantly
different from other organs.
In the edible parts of different species of Octopus such as Octopus vulgaris,
Octopus defilippi, Octopus dolfusi, Octopus macropus and Octopus membranaceus,
highest (mean ± S.E.) accumulation of Cd was observed in Octopus macropus (2.28±
1.11 ppm), followed by O. membranaceus (1.86 ±0.35 ppm), O. defilippi (1.72 ±0.82
ppm), Octopus vulgaris (0.59 ± 0.03 ppm) and Octopus dolfusi (0.18± 0.01 ppm).
Mann-Whitney U statistic revealed accumulation of Cd in Octopus dolfusi was
significantly different from other species of Octopus (Table 2).
Table 2. Cadmium accumulation in the edible parts of different species of Octopus
Species
Octopus
Octopus
Octopus
Octopus
Octopus

Mean ± S.E.
vulgaris
defilippi
dolfusi
macropus
membranaceus

0.59 ± 0.03a
1.72± 0.82a
0.18± 0.01b
2.28± 1.11a
1.86± 0.35a

Mean values in the column with different superscripts are significantly different
(P<0.05).
Soaking of cephalopods for varying duration
As shown in Fig 4, the mean (±S.E.) weight in Sepia prashadi increased from
70.77 ±5.23 g to 94.07 ±6.98g after 10h of soaking and reduced to 92.34± 6.93 g after
15h.
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Figure 4. Weight gain in different
species of cephalopods in response
to varying soaking duration

In Sepia brevimana the mean (±S.E.) weight increased from 76.79±2.55g to
106.48±3.69 g after 15h. In Uroteuthis (Photololigo) duvauceli the mean weight increased
from 105.96± 13.49 g to 126.33±17.37g after 10 h and slightly decreased to 124.91±17
g after 15h. Using Univariate analysis of GLM, it was revealed that there was significant
difference (P<0.05) among species and hour-wise soaking in uptaking of moisture by
different species of cephalopods, whereas the interactive effect of species vs hour had
no significant difference (P>0.05).
As depicted in Table 3, after 15 hours of soaking highest mean (±S.E.) cadmium
level in meat was found in Sepia prashadi 0.835 ± 0.17 ppm, followed by Sepia brevimana
0.806±0.08 ppm and Uroteuthis (Photololigo) duvauceli in 0.438 ± 0.1 ppm.
Table 3. Cadmium accumulation in various species of cephalopods after 15 h of
soaking
Species

Mean (± S.E.) Cadmium accumulation
Meat

Sepia prashadi
Sepia brevimana
Uroteuthis (Photololigo)
duvauceli

Tentacle

0.8350 ±.17350 a

1.3010 ±.46803

0.8060 ±.08100

a

0.9480 ±.15007

0.4380 ±.10048

b

0.3800 ± .03774

*Mean values in the column with different superscripts are significantly different (P<0.05)
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Similarly, in tentacles, highest mean (±S.E.) cadmium level was found to be 1.3
±0.47 ppm in Sepia prashadi, followed by 0.948 ±0.15 ppm in Sepia brevimana and
0.38 ± .038 in Uroteuthis (Photololigo) duvauceli. The Cd accumulation was significantly
different (P<0.05) in meat of different species whereas no significant difference (P>0.05)
was observed in that of tentacles.

Discussion
It is a proven fact that cephalopods naturally accumulate high levels of number of
trace metals including cadmium (Martin and Flegel 1975; Finger and Smith 1987),
although it has no biological role in the animal. In the present an effort was made to
monitor the cadmium levels in samples of various forms obtained from export
consignments of cephalopods. In commercial samples of squid, cuttlefish and octopus,
although the mean value of Cd level was always found below the threshold limit of 1
ppm, in some samples of frozen tentacles in squid, frozen whole cleaned and tentacles
of cuttlefish and frozen raw material and whole cleaned samples of octopus the values
were above the acceptable limit. Although a particular reason can not be ascribed to the
occasional high levels of Cd in some of the samples, personal observation of the whole
cycle of post harvest handling reveals that ineffective de-skinning of tentacles and rupture
of internal organs must be contributing to these high levels. Another reason may be high
industrial waste discharge along Gujarat coast especially from the petrochemical,
chemical and ship-breaking yards. In one of the studies carried out by Tewari et al.
(2001) along the Alang coast, which is the biggest ship-breaking yard in the world, the
Cd levels in the offshore waters were 177.16% more than in the control site that ranged
from 3.26±1.1 ppm to 24.03±2.1 ppm. Similarly in another study carried out along
Brazialian coast, it was observed that anthropogenic action like high industrial waste
discharge, upwelling and cannibalism of Argentine short-finned squid were the possible
reasons for remarkably high cadmium concentrations (Dorneles et al. 2007).The potential
to accumulate trace minerals like cadmium is positively correlated with trophic levels
due to biomagnifications through the food web (Young 2001). It was also found that
cephalopods act as a vector for the transfer of cadmium to top marine predators in the
north-east Atlantic Ocean Cephalopods constitute an important source of Cd for
cephalopod predators, and that this results in bioaccumulation in higher predators
(Bustamante et al. 1998).
Liver/viscera in Sepia pharoanis and Sthenoteuthis oualaniensis accumulated the
highest concentration of cadmium. Especially, in Sthenoteuthis oualaniensis which is
considered as an oceanic squid, the mean Cd concentration was remarkably high i.e.
568.5±15 ppm in liver/viscera. Hence extreme caution should be exercised in utilization
of this untapped resource from Indian Ocean. It is known that digestive glands like liver
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accumulate heavy metals from the environment. Cadmium is known to accumulate in
the digestive gland (Bustamante et al. 1998; Finger and Smith 1987; Miramand and
Bently 1992) reaching up to 98% of the total body cadmium in some species. Liver
serves as a key function in the metabolism of cadmium in cephalopods. In a recent study
the highest mean cadmium concentration of 1002.9 ìg/g in wet weight was observed in
the digestive gland of sexually mature Argentine short-finned squids (Illex argentinus)
(Dorneles et al. 2007). While studying the sub-cellular distribution of different heavy
metals in Sepia officinalis, Bustamante et al. (2006) had reported a different detoxification
mechanism for cadmium that leads to their bioaccumulation at relatively high
concentration in the digestive gland. In octopus, a predominantly benthic organism,
which was not studied in the present experiment, high levels of cadmium were reported
in the arms of Octopus vulgaris (Sexias et al. 2005). In this case although correlation
between Cd level and body weight has not been shown, higher Cd levels were always
obtained from small sized cephalopods (personal observation). As per Pierce et al. (2007)
in the UK waters concentrations of Cd were generally higher in the in all tissues of
Loligo forbesi except muscle, which varied in relation to body size due to shift in the
diet with growth.
In the edible parts like meat and tentacles the level of cadmium in Sepia pharaonis
and Uroteuthis (Photololigo) duvauceli was found to be below 1 ppm. This finding is in
consonance with that of Hussain and Mukundan (2005), who reported that out of 60
samples only in one sample of cuttlefish, the concentration was found to be more than 1
ppm. Earlier while determining Cd level in cephalopods, it was not clear, whether whole
body has to be sampled or only the edible parts for analysis. But the present guidelines
stipulate drawing samples only from the edible portion of cephalopods (Reddy 2004). A
significant difference was observed in Cd levels in different species of Octopus. It must
be due to different habitat preference in various species of Octopus as well as difference
in size spectrum and feeding niche.
Soaking experiment was carried out in order to elucidate the phenomenon of
increase in body weight and simultaneous increase in Cd level. Although weight gain
was substantial, increase in Cd level in meat and tentacles beyond EU prescribed
acceptable limit was not that pronounced. Only in tentacles of Sepia prashadi it increased
above 1 ppm. It might be due to accidental rupture of ink sac or digestive gland that
accumulates higher level of Cadmium.

Conclusion
Heavy metal accumulation in cephalopods has been a delicate issue for seafood
export business. Rejection of consignments having cadmium levels above prescribed
levels has brought this issue to limelight. In the present study higher Cd levels were

329

Asian Fisheries Science 22 (2009): 319-330

encountered in commercial samples of cephalopods, which must be due to heavy
industrial discharge along Gujarat coast. Organ specific analysis points to the fact that
the digestive glands must be carefully segregated during post harvest handling and must
not be allowed to rupture during pre-processing transport phase. The current practice of
soaking of cephalopods in chilled water by the suppliers results in weight gain of
individual species; but possesses the potential to elevate cadmium levels due to rupture
of internal organs and hence monitoring agencies must stress for abandoning this unusual
practice.
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Abstract
Indirect enzyme-linked immunosorbent assay (ELISA) was developed for the rapid
detection of V. parahaemolyticus . Specific polyclonal antibody that produced in New Zealand
white rabbits were used in the indirect competitive ELISA.The best reaction concentration of
antigen and antibody is 107 CFU/ml and 1: 4,000, respectively, and ethe most effective
concentration of the secondary HRP-labeled antibody is 1: 1,000. This standardized system was
established for detecting V. parahaemolyticus in artificially infected seafood and actual seafood
respectively. The detection limit is 104 CFU/ml, detection time is 8hours; however, the accuracy
could be improved to 103 CFU/ml after pre-enrichment for 8hours. This system could be of
practical application since it was close to the detection result by traditional detection methods.

Introduction
Presently, the methods used for the detection of V. parahaemolyticus in food
described in the national standard generally include conventional culturing and
biochemical identification, which is labor-intensive and time-consuming. These methods
commonly will take about 5-7days, before final detection result, which thus could not
meet the requirement of the food safety system (Jiao Hong et al., 2004). In recent years,
with the development of immune technology, the Enzyme Linked Immunosorbent Assaya
(ELISA) has been gradually applied to detect the pathogens in foods. However, in China
no such method was developed to detect V. parahaemolyticus in seafood. The purpose
of this research is to develop a rapid, accurate, sensitive method for detecting V.
parahaemolyticus in seafood by ELISA.

Materials and methods
Bacterial isolotes
The bacterial isolates used in this study viz., Vibrio parahaemolyticus1.2164 and
Salmonella 50041 were procured from the Institute of Microbiology, Chinese Academy
of Science (CAS), whereas Vibrio auguillaram was preserved in our laboratory.
* Corresponding author:
E-mail: xbning@shou.edu.cn
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Experimental rabbits
New Zealand big white rabbits purchased from Department of Laboratory Animal
Science of Medical College of Fudan University, was used to prepare polyclonal sera
against V. parahaemolyticus. Polyclonal anti-serum to V. parahaemolyticus was produced
in 3 male NewZealand big white rabbitsfollowing the method described by WangJun et al.,
2001 and preserved in refrigerator at -20oC.
ELISA
The standard difference (SD) and the variation coefficient (CV) of internal-assay
of every serum were measured for 3 times. The same serum was tested in this experiment
on another 5 plates, and then the ELISA experiment to calculate the variation coefficient
among plates was performed (Fan Jing-feng and Liang Yu-bo 2006). ELISA were
performed according to the procedure of Zhang Xiao-hua et al. (1997). Different antigen
concentration Viz., 105, 106, 107, 108 and 109 CFU/ml and different antibody dilutions
1:2000 – 1:16000 was used in this study.

Specificity of Anti- V. parahaemolyticus polyclonal antibody measured by
indirect competitive
ELISA
Added 10ì L of each test bacterial isolates at the concentration of approximately
107 CFU /ml as competitive antigen in each well, and added 90ì L of anti-serum as
described in Zhang Xiao-hua et al. (1997). 100ì L of PBST was used as negative control,
100ì L of antiserum without addition of competitive antigen was used (Cheng Fu-sheng
et al., 2004).
Preparation of seafood sample artificially infected with V. parahaemolyticus
V. parahaemolyticus on the TCBS plate was washed out with APW to prepare V.
parahaemolyticus suspension at the concentration of 102,103,104,105,106 CFU/ml-1. 10g
of known V. parahaemolyticus -negative sample of big yellow-fin tuna, the shrimp, the
river crab, perch was weighed respectively and divided into A and B group. 1ml of V.
parahaemolyticus suspension at different concentration was added to prepare 5 specimens
with infection gradient. The specimens were grinded for complete infection. Two blank
controls were set for each group simultaneously. The infected samples were stored at
4oC in the refrigerator for three days and then taken out to room temperature. Added
90ml of APW in group A and B, respectively and then blended. The upper clear liquid of
group A after the low speed centrifuge was collected for indirect ELISA detection. Group
B was incubated for 8hours at 37oC for the indirect ELISA detection, performed the
steps as described before.
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Indirect ELISA
One hundred ì L of the upper clear liquid from sample diluted in coating buffer
was dried and coated at 60 oC, and then added 100ì L of antibody diluted in 1:4000.
Executed this step as described in Cheng Fu-sheng et al., 2004 before for indirect ELISA
detection.

Results and Discussion
Indirect ELISA for analyzing the quality of micro plate
The result of Table 1. showed that the micro-plates interior variation coefficient
was all below 10% and the variation coefficient among micro-plates (CV=8.943%) also
was below 10%. These results indicated the satisfactory quality and good sorption
capacity of the micro-plate.
Table 1. The quality analysis of micro plates
Number
1
0.116 0.123 0.115 0.109
2
0.118 0.123 0.116 0.121
3
0.128 0.126 0.115 0.106
4
0.116 0.126 0.111 0.122
5
0.122 0.121 0.117 0.1253
Average of microplates interior
SD among microplates
Average CV among microplates

OD492
0.113
0.114
0.109
0.113
0.118

0.116
0.115
0.118
0.117
0.121

0.116
0.118
0.118
0.117
0.114

0.117
0.121
0.117
0.114
0.116

Average SD

CV(%)

0.116 0.00395
0.118 0.00321
0.117 0.00749
0.117 0.00489
0.119 0.00363
0.1174
0.0010

3.405
2.720
6.401
4.179
3.050

8.943

The specificity of the anti- V. parahaemolyticus polyclonal antibody
Fig. 1 was the result of the anti- V. parahaemolyticus polyclonal antibody specificity
experiment, which indicated that there was no cross-reaction between V.
parahaemolyticus and Staphylococcus aureus, Shigella, Salmonella and Vibrio
auguillaram ä several leading food pathogenic bacteria. All showed that the polyclonal
antibody had high specificity. Therefore, the antibody was qualified for the ELISA.
The effects of coating antigen concentration on the sensitivity of indirect ELISA
Fig.2 showed the highest detection sensitivity occurred when the coating antigen
concentration is 107 CFU /ml, which was the most effective concentration of the single
factor analysis.

334

Asian Fisheries Science 22 (2009): 331-336

The effects of antibody dilution on the sensitivity of indirect ELISA
Fig.3 showed the highest detection sensitivity occurred when the antibody dilution
was 1:4000, which was the most effective dilution of the single factor analysis.
The effects of IgG-HRP dilution on the sensitivity of indirect ELISA
Fig.4. showed the highest detection sensitivity occurred when the dilution of IgGHRP was 1:1000 , which was the best IgG-HRP dilution of the single factor analysis.

Figure 1. Determination of the specificity
of the polyclonal antibody with indirect
competitive ELISA

Figure 2. The effects of antigen
concentration on indirect competitive
ELISA curve

Figure 3. The effects of antibody dilution
on indirect competitive ELISA curve

Figure 4. The effects of IgG-HRP dilution
on indirect competitive ELISA curve
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The detecting result of seafood infected bacteria by simulation
The results of Fig.5-8 showed that the lowest detecting concentration for V.
parahaemolyticus was 104 CFU /ml with indirect ELISA before the four seafood
samples were pre-enriched. However, the accuracy for V. parahaemolyticus was
improved to 103 CFU /ml after the samples were pre-enriched for 8hours.

Figure 5. The result of yellow croaker polluted
by bacteria artificially by simulation

Figure 6. The result of shrimps polluted by
bacteria artificially by simulation

Figure 7. The result of weever polluted by
bacteria artificially in simulation experiment

Figure 8. The result of mitten crabs polluted
by bacteria artificially by simulation
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In this experiment, we developed polyclonal antibody of V.parahaemolyticus
which had high titer and specificity, and also without cross-reaction with other strains.
So this work was of practical significance for detecting V. parahaemolyticus. The indirect
ELISA method and the experiment parameters were: antigen was dried at 60!; the
concentration of antigen was 107 CFU /ml; Blocking time was 2.5h; the work dilution
of first antibody was 1:4000; the incubation time of antigen reacting with first antibody
was 75min; the dilution of IgG-HRP was 1:1000; the incubation time of first antibody
reacting with IgG-HRP was 60min; the reaction temperature of enzyme and0substrate
was 30 oC, time was 15min; the detection limit of bacterium suspension was 104 CFU /
ml, the incubation temperature was 37oC, The minimum detection concentration of
sample was 104 CFU /ml; the minimum detection concentration was 103 CFU /ml after
enrichment; the detection time was 6h, however, if adding the time of enrichment, the
detection time is 14hours; The advantage of this method was fairly rapid , accurate and
of remarkably practical value.
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Abstract
Moisture and protein contents in silver carp surimi were determined by Fourier transform
near-infrared (FT-NIR) spectrometry in this study. Prediction error of calibration set (SEC) and
validation set (SEP), correlation coefficient of calibration set (Rc) and validation set (Rv) were
used to evaluate the quality of the models. The result showed that for moisture, the best calibration
was developed using partial least square (PLS) with pretreatment-Normalization to Unit Length
(NLE). The best calibration model of protein in surimi was also developed using PLS. The NIR,
but with pretreatment- Normalization by Closure (NCL). The study demonstrated that NIR
spectroscopy technology could be successfully applied as a rapid method to determine moisture
and protein contents in surimi processing industry.

Introduction
As an intermediate fish product, surimi can be used to make many kinds of product.
That is why surimi can be widely used as a food raw material in the world. China has
rich resources of freshwater fisheries. It is very important for freshwater surimi to develop
freshwater resources and offer high quality, convenient animal protein( Yinhong and
Shunsheng Chen,2004).
Recent studies showed that moisture in surimi played a vital role in gel formation.
The higher the moisture content, the smaller the pulling stress and gel strength, and the
other way round, the pulling stress becomes larger. Another key factor is optimum protein
concentration for gel strength. So in order to get good surimi gelation, the protein and
moisture concentration should be adjusted to an optimum level (Guanghong and Tinghua
Shi, 1999).
* Corresponding author: Tel.: +86-21-13371935510
E-mail address: xcwang@shfu.edu.cn
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Using conventional methods such as oven drying or micro-kjeldahl procedure,
determination of moisture and protein contents is laborious and time consuming. NIRS
is one of the fast growing and widely used green analytical technologies in the world,
which is nondestructive, fast and easy to implement where no reagents are required and
no waste is produced. It is well suited for determining the major components of foods,
quantity and quality analysis in food industry.
Previous studies have been done by using NIRS to access the chemical component
in aquatic products were concluded with satisfactory result. NIRS has been successfully
applied in determination of chemical components in different kinds of fishes such as
salmon, rainbow trout, freshwater fishes and so on. With the development of the
technology, the object of the measure has been changed. NIRS fish analysis was initially
performed on freeze-dried fillets and then on fresh minced samples. Later studies were
conducted on whole fillets and intact fish. There are few reports on the estimation of the
quality of the fish products by NIRS. As for surimi, Musleh Uddin used a surface
interactance fibre optic accessory to collect the transmittance spectra and then established
the models for water and protein (Cozzolino et al. 2002 and Musleh Uddin et al. 2006).
The advantages of FT-NIRS are listed as follows: 1) continuous spectrum; 2)
fast, computer can work out the light splitting; 3) highly luminous flux, it is not essential
to get the resolution by decreasing the number of narrows and reducing the energy,
which lead to big noise; 4) built-in laser, wavelengths are always reliable; 5) random
error of the detector is apportion into all the wavelengths, rather than produced by each
wavelength.
So in this case, this research was aimed at establishing a rapid and accurate NIR
calibration for evaluating the moisture and protein contents in the silver carp surimi,
comparing the results shown in predecessor’s and doing data accumulation on the
identification of different kinds of surimi.

Materials and Methods
Sample collection
About 50 surimi samples were collected from 2004 to 2007. In this study, we did
not have enough representative samples. As the reliability of a calibration will be restricted
to the range of constituent values, we made some representative samples by adding the
water in the surimi. Then we obtained several representative samples. Table1. shows
the mean reference values, range and standard deviations for two components in the
calibration and validation sets, which indicates that the sample population was well
represented in both the calibration and validation sets.
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Table 1. Mean reference value, range and standard deviation (S.D.) of moisture and
protein in calibration set and validation set
Components

Calibration set

Validation set

Min.

Max.

Mean

S.D.

Min.

Max.

Mean

S.D.

Moisture/%

73.15

82.06

77.58

2.37

73.55

81.43

77.32

2.47

Protein/%

10.27

17.27

13.92

1.83

10.40

16.85

13.51

2.08

The parameter of the NIR instrument
Sample spectra were scanned by the
Buchi FT-NIR NIRFlex N-500 solids (See
Fig.1) with 8cm-1 resolution and 32 scans
per sample. The instrument was
conditioned over 15min before
measurement. The spectrum reference was
Spectralon.

NIRS analysis
NIRS spectrometric analyses of
surimi were conducted according to the
NIR standard procedures that included
Figure 1. NIRFlex N-500 with sample
selection of calibration and validation
samples, reference data obtained by routine
laboratory analysis, NIR spectral data obtained by scanning samples, selection of optimum
equations by calibration and finally confirmation of optimum equations by validation.
The established prediction model was used to measure new independent samples.

Sample preparation and reflection spectra collection
The frozen silver carp surimi was thawed overnight at 4ºC. About 50-60g of surimi
was ground in a mortar, then was placed in the Petri dish. Big air bubbles were avoided
at the bottom of the Petri dish by compacting the surimi. The spectra data were collected
by measuring the diffuse reflectance from the surimi samples in the NIR region from
10000 to 4000 cm-1. Each sample was scanned three times rotating the Petri dish to a
different position, filling the surimi in Petri dish again. The original reflectance spectra
are shown in Fig.2.The instrument operation and collection of NIR spectra were
performed using NIRware 5.0 (software, BUCHI). All the operations were accomplished
at 20-25ºC.
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Figure 2. Typical original reflectance spectra for surimi samples

Data analysis
All calculations were performed in NIRCal5.0 (software, BUCHI). Calibrations
were developed and evaluated by PCR or PLS. In each case, the spectral data were
performed on raw or several pretreatment methods (Smoothing, Normalization,
Derivatives and Offset) provided in NIRCal5.0.
The parameters used to evaluate the quality of the calibrations were correlation
coefficient of calibration set (Rc) and validation set (Rv), the standard error of calibration
set (SEC) and validation set (SEP), consistence between SEC and SEP, and the averaged
difference (Bias) between predicted and reference values for all samples in the prediction
set, which form a new parameter-Q-value. Q-Value is between 0 and 1. Q-value 1 means
perfect and 0 means nothing.

Chemical analysis
Moisture and protein content were analyzed using AOAC methods (GB/T 5009.32003 and GB/T 5009.5-2003).

Results and Discussion
Sample selection
At first, all the samples were sorted by reference data for each property. The
measured spectra are divided into two sets: 2/3 for calibration and the rest (1/3) for
validation. The software uses only the spectra selected into the C-set referring to the
calibration wavelength and data pretreatments .The spectra of the V-set will only be
used to prove and judge the calibration. The sample with the highest and lowest property
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values for each property should belong to C-set. Finally, according the score plot, sample
selection was adjusted slightly.

Calibration development
The data acquired from NIR spectrometer contain background information and
noises as well as sample information. Data pretreatments are used to eliminate nonimportant effects or enlarge minor effects of the measurements. Different NIR region
has different information contribution for each component. In order to obtain reliable,
accurate and stable calibration models, it is very necessary to pre-process spectral data
and chose optimum NIR region before modeling. In this paper, by using the NIRCal5.0
wizard, 96 calibrations were developed, compared and sorted by Q value.
A good accuracy of a model was decided by a low SEC and SEP, a high Rc and
Rv, a low Bias, which means high Q-value. On the basis of the criteria above, optimum
spectral region, data pretreatment and the number of principal component were
determined.
The result indicated that best calibration for moisture was got with Normalization
to Unit Length (NLE) pretreatment and partial least square (PLS) algorithm. The best
calibration model of protein in surimi was also developed by using PLS, but with
Normalization by Closure (NCL) pretreatment. Both NLE and NCL can reduce the
baseline variations efficiently. The optimum spectral region for moisture and protein
were 10000-5000 cm -1, 10000-7404 cm -1 and 7144-5000 cm -1, respectively. The
wavelength range around 7300 cm-1 was removed for protein calibration wavelength so
that the influence from the strong first overtone of water can be decreased.
Table2. shows the NIR calibration statistics for moisture and protein in the silver
carp fish surimi. For moisture model, SEC and SEP were 0.386 and 0.489 respectively.
Both Rc and Rv were higher than 0.98. For protein model SEC and SEP were 0.394 and
0.511 respectively. Both Rc and Rv were higher than 0.97. The slop values were closed
to 1 for both moisture and protein models. In this study, the SEP was significantly greater
than the SEC. This result suggested that over fitting of the calibrations might occur.
Table 2. The NIR calibration statistics for moisture and protein in the surimi samples
Components

Calibration set

Validation set

Rc

SEC

Slope

Rv

SEP

Slope

Moisture/%

0.987

0.386

0.974

0.981

0.489

0.950

Protein/%

0.976

0.394

0.954

0.970

0.511

0.972
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The pretreated silver carp surimi spectra are shown in Fig.3 and Fig.4. Now the
original spectra (shown in Fig.2) were spaced much closer to each other, the variation
due to scattering has been removed.

5
Figure 3. NLE-treated surimi spectra

Figure 4. NCL-treated surimi spectra
The good fit of samples is demonstrated in the scatter plots for protein and moisture
in Fig.5 and Fig.6. The samples are nicely positioned along the regression line. For
protein model, there were three outliers which were marked red in Fig.6 were detected
by calculating the property Residuum. After moving the outliers we got a better result.
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Figure 5. Scatter plot of the reference and NIR predicted values for surimi moisture
model
( Calibration spectra;

Validation

spectra)

Figure 6. Scatter plot of the reference and NIR predicted values for surimi protein model
( Calibration spectra; Validation spectra; * Outlier spectra)
In this study, protein calibration model had less effect than moisture. This result
was different from the Musleh Uddin’s. The correlation coefficient between reference
and predicted protein values in Musleh Uddin’s study was somewhat higher than what
is shown in this work. The reason for that was likely due to the relatively poor accuracy
of the reference data.
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Detecting the accuracy and adaptability of the calibration models
Table3. shows that the relative average deviation for protein and moisture are
both less than 1%. The prediction results of two models were satisfactory. Using the ttest, which can assess whether the means of two groups are statistically different from
each other, we found that when the confidence lever were 95%, no significant difference
was found between the NIR analysis and reference analysis. This meant NIRS analysis
was an alternative to the conventional chemical analysis to determine the moisture and
protein contents in silver carp surimi Lu Xu (2004).
According to Table 3. we found that the samples with medium content got an
excellent prediction result. It is possible that the number of the samples with medium
content in the model were larger than the samples with low and high content. Obviously,
in order to raise the adaptability of the model, we have to add more samples with low
content and high content in the calibration in the following study.
Table 3. Comparisons of reference values and NIR values of the moisture and protein
in independent surimi samples
Sample
Number

Chemical
/%

Moisture
NIR
Deviation
/%
/%

Chemical
/%

Protein
NIR
/%

Deviation
/%

1

74.67

75.20

-0.53

16.33

15.90

0.43

2

75.02

75.39

-0.37

15.55

15.71

-0.16

3

75.48

76.10

-0.62

14.96

14.80

0.16

4

76.65

76.63

0.02

15.23

15.29

-0.06

5

77.56

78.03

-0.47

14.22

14.02

0.20

6

78.76

78.5

0.26

14.52

14.24

0.28

S.D./%

0.35

0.22

MRD/%

0.37

0.93

Stability test of the calibration models
One sample was selected from the sample set by random. We filled the sample in
the Petri dish repeatedly, then got 11 reflectance spectra. Prediction value and RSD
were used to access the stability of the models. The result showed that RSD for moisture
and for protein are 0.32% and 1.5%, respectively. RSD for moisture and protein were
low enough. This meant the models were stable.
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Conclusions
The optimum calibration for the prediction of moisture was produced following
PLS treatment of NLE spectra. The prediction results clearly indicated that NIR was
well suited as a quick method to determine moisture and protein in surimi. The
adaptability of the calibration models was good. At the same time, the models exhibited
good stability in this study.
In this work, the variety range of the protein and moisture content were not wide
enough. In order to get a better and robust calibration, we should add more samples with
more representative reference values in surimi products in terms of the moisture content
and the protein content.

Prospects
In this work, only two components (moisture and protein) of silver carp surimi
were determined by FT-NIR spectrometry. In future, more sophisticated chemical and
physical information on surimi may be analyzed by NIRS. The silver carp surimi was
the single object in this study. We are beginning to establish the models for nutrition
ingredients in other freshwater surimi and do the feasibility study for identifying the
different kinds of the surimi.
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Abstract
A new method for utilization of unwashed mince (UM) mixture of low-cost marine fish
(LMF) in cooked sausage is described. Textural qualities of heat-induced gels of six different
mince blends from the individual unwashed minces of five LMF viz., red jewfish, sea catfish,
horse mackerel, jeweled shad and skipjack tuna were investigated. Blend B3 having greater
contribution from low-fat white-fleshed red jewfish and sea catfish obtained best-textured gel
and sausage in terms of instrumental gel strength and sensory parameters (p>0.05). In order to
improve the textural and sensory qualities of the sausage prepared from B3, suitable types and
levels of ingredients and cooking methods were evaluated. Gels prepared with modified starch
and soy protein isolate had distinctly (p<0.5) improved gel strength and cook loss values. Sausage
prepared with autoclave cooking at 115oC for 15 min. obtained best texture and good mouth feel
compared to conventional cooking (90oC for 20 – 60 min.), broiling (for 20 -60 min.), two-step
heating (incubation at 50oC for 1 hr and cooking at 90oC for 30 min.) and dip-frying in oil (for 10
- 30 min). Instrumental gel strength (p<0.05) and sensory chewiness/rubberiness (p>0.05) were
lower in sausage prepared from B3 when compared to imported fish sausage. Instrumental gel
strength, sensory attributes and cook loss of the sausage prepared from B3 by different cooking
methods were higher in the order of autoclave cooking > frying > two-step heating > boiling >
broiling. Peroxide and thiobarbuturic acid values and aerobic plate count of the sausages after
7 days at 4oC were almost identical in all cooking process (p >0.05) but distinctly lower (p<0.05)
than that of commercial fish sausage. Results of the study suggested that good quality stable fish
sausage could be prepared from UM blends of LMF.

Introduction
Low-cost marine fishes (LMF) in Bangladesh waters are mostly small mesopelagic or pelagic species, like small croakers, anchovies, scads or clupeids etc.
* Corresponding author:
E-mail address: nowsad10@gmail.com
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Individual catch size of these species is too small (BBS 2006) to run a sustainable
product line, but their mixed lot can make a significant volume to produce any heat
processed value-added product on commercial basis. Blending of different fish minces
often produce low quality products because of interactions of proteins, lipids and enzymes
of different origins and natures. Therefore, improvement of the gel quality of blended
mince is necessary before going to manufacture any heat-processed product from it.
Fast foods are being popularized in Bangladesh and the business is expanding
very fast (Nowsad 2000a). Fish sausage is a major item of new generation fast food,
because of overwhelming young generation craze for its superb taste, fabricated texture,
brilliant colour and high nutritional quality. As a convenient food, it is becoming
increasingly popular among the working people too. Fish sausage prepared from the
mince blend of LMF would be able to serve a good taste and nutrition to such people at
cheaper price.
Heat-processed gel type products are generally produced from the washed mince
or surimi to achieve high textural and sensory qualities (Shimizu et al. 1981). During
this washing process more than 50% of the mince are washed out which are valuable
proteins, lipids and minerals- very useful for the consumer health (Ishioroshi et al. 1982;
Babbit et al. 1985; Park et al. 1996). Removal of such valuable nutrients in the name of
improvement of textural quality is thought to be a serious wastage of resource. In this
study efforts were made to utilize unwashed mince of LMF in fish sausage production,
instead of washed mince or surimi. Manufacture of stable fish sausage from the mince
blend of LMF would enable proper utilization of such resource, reduction of post-harvest
loss and increment of the price of the underutilized marine harvest.

Materials and Methods
Fish
Five LMF, viz., red jewfish (Johnius argentatus), small sea catfish (Tachysurus
thalassinus), horse mackerel (Megalaspis cordyla), jeweled shad (Ilisha filigera) and
skipjack tuna (Sarda orientialis) were used in this study. These marine species have
limited use in commercial production, are low priced in the market and therefore,
abundantly available in the coastal regions.

Collection of raw materials
The fishes were purchased from the Kawran Bazar wholesale fish market in Dhaka.
The fishes were in iced condition during purchase. Immediately after purchase they
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were re-iced with newly crushed ice in an insulated icebox. The average weight of red
jewfish, sea catfish, horse mackerel, jeweled shad and skipjack tuna were 0.34±0.04,
1.10±19, 0.44±0.04, 0.91±0.25 and 1.30±0.22 kg, while the length were 12.05±1.5,
21.0±1.74, 12.40±2.4, 18.3±3.22 and 19.52±2.1 cm, respectively. After they were brought
to the laboratory the fishes were quickly frozen and stored at -250C.

Preparation of mince blend
Frozen fish was thawed in cool water for 6 hours. After dressing and washing,
skinned fishes were filleted and minced by a mechanical mincer (MK-G3NS, Matsushita
Electric Co., Japan.). A 1-mm orifice diameter sieve was used to remove small bones
and connective tissues from the muscles. Five individual fish minces were blended in
six different compositions (B1, B2, B3, B4, B5 and B6) as in table 1. All the procedures
from the dressing/eviscerating of fish to filling of paste into the casing were done at
4 - 5°C.

Selection of mince blend
Six mince blends were separately ground with 2.5% NaCl and 20% water, stuffed
into polyvineledene chloride casing (Krehalon casing, Kureha Chem. Co. Japan, 3.0 cm
diameter), cooked at 90°C for 60 min and the gel thus formed was evaluated for the
textural quality of the blends.

Preparation of fish sausage
Due to best gelling ability obtained, fresh unwashed mince blend B3 was used for
the preparation of fish sausage. Red chili, onion, garlic, ginger, cinnamon, clove and
black pepper were dried in hot air oven at 60°C for 24 hr, ground with a mechanical
grinder to make powder and sieved by a fine mesh metallic sieve. The seven spices
were powdered and mixed together at a proportion of 30:20:20:10:5:5:10, respectively
and kept airtight in the refrigerator as spice-mix. Blend B3 was ground with 2.5% NaCl,
1.6% sugar, 1.5% spice-mix and 2% cow fat. A 6% modified starch and 2% soy protein
isolate (SPI) were added to the ground paste to improve the textural quality of the sausage.
Grinding was done for a total period of 20 min. The ground paste was stuffed into a
sausage casing (Krehalon casing, 2.8 cm diameter, Kureha Chemical Co., Japan) by a
manual stuffer, both ends of the casing were sealed with cotton twine after removing
any air bubbles from the casing and cooked by different methods to obtain fish sausage.
Cooking methods
Fish sausage was prepared by two-step heating, conventional cooking, broiling,
dip frying in oil and autoclave cooking. For two-step heating, stuffed fish sausage was
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incubated at 50oC for 60 min in a water bath before cooking at 90oC for 20, 30, 40 and
60 min. Conventional cooking was done by heating the sausage at 90oC for 20, 30, 40
and 60 min. For broiling, steam of boiling water in a closed pan was allowed to pass out
through a hole at the center of the lid and the stuffed sausage, after wrapping by cotton
cloth, was put on steam for 20, 30, 40 and 60 minutes. For frying, stuffed sausage
boiled for 10 min was uncovered and directly fried in dip-vegetable oil for 5, 10, 20, 30
and 40 minutes. For autoclave cooking, a laboratory autoclave (Model: YX280A,
Sunshen Medical Instrument Co. Shanghi, China) was used. Sausage was cooked at
115oC for 10, 15, 20, 30 and 40 minutes under 15 Ibs. inch-2 pressure. To avoid bursting
of synthetic casing, sausage was kept in a heat-stable polypropylene coated metallic
wire-mesh box inside the autoclave well above the water level.

Quality tests
Instrumental gel strength
Gel strength of new fish sausage was measured through the puncture test. Puncture
test was carried out by a food rheometer (SIMPLIFIED RHEOMETER, designed and
developed by Nowsad et al. 2000a) on the test sample (2.0 cm height) at a table speed of
10 cm per min. with a spherical plunger (6 mm diameter). The breaking strength in g
and the breaking deformation in cm were calculated from the chart of a potentiometric
recorder. Gel strength (GS) denotes the product of breaking strength and breaking
deformation, expressed as g × cm.
Cook loss
A known amount of sausage paste in a synthetic tube was cooked by different
methods. The cooked sausage was blotted on a blotting paper and reweighed. Cook
loss (%) was calculated from the ratio of the weight of cooked and uncooked sample.
Sensory test
A trained panel of nine persons with students, teachers and staff of the Department
of Fisheries Technology of BAU provided the sensory tests (Nowsad et al. 2000a). Prior
to testing, panelists were familiarized with the properties of meat gel and fish sausages
and the instructions relating to the scoring of the sample. Pretests were done with selected
samples to familiarize the panelists with the measurement procedure. Three discs of a
gel (0.5 cm thick) were supplied to each panelist to recognize every attribute. Chewiness/
rubbriness (C/R) was defined as the amount of effort the panelists had to exert in chewing
to prepare the sample for swallowing. The quality was evaluated by the numerical scores
up to 10, where 1= not chewy/rubbery; 10= extremely chewy/rubbery (Szczesniak et al.
1963).
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Folding test
A folding test was carried out by folding a 2-mm thick sausage disc into halves
and quarters as described in Nowsad et al. (2000a). The scale was 4 = no crack when
folded into quarter, 3 = no crack when folded into half but crack when folded in quarter,
2 = crack when folded into half, 1 = broke and split into halves.

Biochemical and microbiological tests
The peroxide value (POV), expressed in terms of milliequivalents of free iodine
per kilogram of fat, was determined by titrating iodine liberated from potassium iodide
with sodium thiosulphate solution according to the modified method of Kim (1992).
The TBA value, expressed in terms of milligrams of Malonaldehyde per kilogram of
meat sample, was also determined by the modified method of Kim (1992).
Aerobic plate count was done by consecutive decimal dilution technique according
to AOAC (1990) and expressed in terms of colony forming unit (CFU) per gram of
sample.

Statistical analysis
Simple correlation analysis and student’s t-test were done to compare the data
(Shil and Debnath 1992).

Results and Discussion
Gel strength of six mince blends is presented in Table 1.
Table 1. Ratios of mince blends and their gelling performance
Fish

% share of individual mince in the mince blend
B1
B2
B3
B4
B5
20
20
30
15
15
20
30
20
15
20
20
20
20
20
15
20
15
15
20
20
20
15
15
30
30

Red jewfish
Sea catfish
Horse mackerel
Jeweled shad
Skipjack tuna
Gel strength (g.cm)
of the blend*1
360±38

380±42

430±65

326±54

330±35

B6
20
15
15
30
20
310±40

*1 Mince blends were ground with 2.5% NaCl, stuffed into casing, cooked at 90oC for
60 min and the gel thus formed was subjected to puncture test.
Gel strength of the blends varied in great extent due to the compositional
differences of individual minces. Among the six blends tested, blend B3 showed
maximum gelling performance, where higher proportion of the minces came from red
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jewfish, sea catfish and horse mackerel. In a previous study, individual minces of red
jewfish and sea catfish showed higher gelling ability. Additional heating experiments
were conducted with the blend B3 to find out the optimum-heating schedule for attaining
maximum textural quality of the product. The data are presented elsewhere (Nowsad et
al. 2007). Both unwashed and washed mince blend B3 were stuffed into plastic casing
and incubated at different temperatures from 35°-55°C and then cooked at 90 - 100°C.
Most of such products showed optimum gelling ability at 50°C for 1 hour incubation
and further cooking at 90°C for 30 min (Nowsad et al. 2007). The gelling performance
of the mince blends was significantly lower compared to individual fish minces in all of
those heating schedules. But the gel strength of the blend B3 was still strong enough to
be formulated into heat- processed products if compared to the mince of other meat
sources like poultry or spent hen (Nowsad et al. 2000b,c). Based on such results (Nowsad
et al. 2007), unwashed mince blend B3 was used to prepare cooked sausages during the
successive experiments of the present study. Likewise, during the two-step heating
experiment, those optimized heating schedule (50°C for 1hr.; 90°C for 30 min) was
applied.
Before investigating the effects of different cooking methods on the quality of
sausage prepared from blend B3, quality improvement of the mince blend by ingredients
and spices was searched. Fig. 1 shows that addition of spice-mix neither improved, nor
reduced the gel quality.

B3= blend no 3; Sp = spice-mix; St= modified starch; SPI= soy protein isolate; 2SH= two-step heating, Con-C= conventional cooking; Broil= broiling; Fry= frying in
oil; AutoCl= autoclave cooking.
Figure 1. Textural quality enhancement of fish sausage due to spice-mix, modified starch
and soy protein isolate
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Addition of starch significantly (p<0.5) improved the gel strength and reduced
the cook loss in all cooking methods. Addition of SPI further improved the gel by
enhancing gel strength and reducing cooking loss. Starch is commonly added to fish
mince- based heat processed products to improve the texture and to allow more water
retention without losing the textural quality (Okada and Yamazaki 1957). Alvarez et al.
(1990) found a very cohesive gel from chicken meat extruded with cornstarch. Higher
cooking yield and reduced cook loss of such gels were solely derived from the water
binding property of starch and SPI (Nowsad et al. 2000c; Yang and Froning 1992).
In conventional process, spicy cooked sausage is generally prepared by cooking
the stuffed sausage casing at 90oC for 60 min. In the present experiment, a two-step
heating, broiling/steaming, dip frying in oil and autoclave cooking were compared with
conventional cooking. Fig. 2 shows the textural quality of fresh cooked sausage prepared
under such cooking methods.

*10, 15, 20, 30, 40 and 60 are heating times in minutes
Figure 2. Textural quality of fresh spice sausage prepared under different cooking
Gel strength of the sausage was improved in two-step heating compared to
conventional cooking and broiling. In the manufacture of heat-processed fish products
produced from washed fish mince or surimi, two-step heating has been considered to
have tremendous gel enhancing effects (Ishioroshi et al. 1982; Niwa et al. 1991; Nowsad
et al. 1999; Park et al. 1996). Salt-ground fish mince paste added with ingredients if
incubated at 30-50oC for 1-2 hours before final cooking at 90-100oC, the gel strength is
increased by about 1.5 to 2 folds (Niwa et al. 1991). Reppond et al. (1995) noticed a 3fold increment of gel strength in set and cooked products due to two-step heating treatment
of Pacific herring. Improvement in gel strength was also evident in beef and pork gels
when cooked at 80oC for 20 min after a preheating at 60oC for 90 min (Park et al. 1996).
At low temperature around 30-50oC in fish, helical tail portion of myosin heavy chain
unfolds and helps in intense cross-linking of proteins during high cooking temperature
around 80-95oC (Ishioroshi et al.1982; Park et al.1996).
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Two-step heating was found to have good synergistic effects on texture
improvement and shelf life development of fish sausage too (Nowsad et al. 2000a).
During the present study, however, frying in oil and autoclave cooking were found to be
superior to two-step heating in the texture development of fish sausage. Many authors
found frying as a good method of stable spice sausage preparation (Pripwai et al. 2004).
In the present experiment, autoclave cooking was done at 115oC, because earlier studies
proved this temperature schedule to be best with unwashed fish mince blends (Nowsad
et al. 2007). Raj and Chandrasekhar (1986) also proposed an autoclave temperature of
115.6oC (for 20 min) to be best for fish sausage preparation.
In case of conventional cooking, best sausage in terms of gel strength was obtained
by cooking at 90oC for 40 min. Cooking at 90oC for 60 min produced low quality product
compared to those cooking at the same temperature for 40 min. However, sensory C/R
value was higher in the sausage prepared by cooking for 60 min. Broiling produced low
quality sausage compared to conventional cooking in terms of both the gel strength and
sensory attributes in all heating periods tested. When the ground paste was made into
sausage by applying two-step heating, frying in oil or autoclave cooking, improved
textural and sensory qualities were achieved. Two-step heating clearly produced better
quality sausage compared to conventional cooking (p< 0.5). Sausage quality was further
improved when uncovered sausage sticks were dipfried in oil. Higher textural and
sensory attributes were found in 15 minutes of dip frying. Autoclave cooking produced
best quality sausage among the five cooking methods tested. Further, autoclave cooking
at 115oC for 15 min gave the best schedule where maximum instrumental and sensory
attributes were achieved. Autoclave cooking produced better gel at all the tested time
periods compared to those of other cooking methods. The results are in agreement with
Raj and Chandrasekhar (1986) who observed improved texture and longer shelf life of
fish sausage by autoclave cooking at 115.6oC. Sausage casing was found to burst out at
higher temperature (120-125oC) or longer time period inside the autoclave, probably
due to pressure cooling as also confirmed by Raj and Chandrasekhar (1986). Another
reason might be due to the adherence of synthetic tube to the heated stainless steel wall
of autoclave. Use of heat-stable polypropylene coated metallic wire-mesh box to keep
the sausage inside the autoclave was found to reduce the incidence of bursting. The
wire mesh box was kept well above the water level inside the autoclave. In terms of gel
strength, autoclave cooking produced the best sausage followed by frying, two-step
heating, conventional boiling and steaming.
Chewiness/rubberiness (C/R) values corresponded well with the gel strength of
the sausage (Fig. 2). The C/R value is generally used to express a sensory quality that
makes a balance between the softness and firmness of a muscle based texture-depended
product. Fish sausage was not a Japanese style kamaboko type product, but since it was
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produced from the fish mince by heat processing, it attained some kamaboko type elastic
texture, while incorporation of spices and fats made it more chewy and juicy compared
to kamaboko. Due to combination of such opposite traits (firmness due to network
formation by polymerization of proteins and softness due to presence of fats and
ingredients), the C/R values were able to express the sensory characteristic of sausage
very well. To express the accurate score, however, the panelists were very careful in
each bite during the panel test. Sensory judgments corresponded very well with the
instrumental texture values (Fig. 2). Sausage prepared by dip frying and autoclave cooking
obtained similar type of higher C/R values followed by those prepared with two-step
heating, conventional cooking and steaming. Commercial fish sausage purchased from
the market was, however, found to be best in terms of both gel strength and C/R values
compared to the sausage prepared from unwashed mince blend by different cooking
methods.
Cook loss and folding test scores of the sausage prepared by five cooking methods
have been presented in table 2. Cook loss values showed more or less similar trend as
those of GS and C/R values and were found to be lower in the order of frying < autoclave
cooking < conventional cooking < two-step heating heating<broiling. In all heating
methods, sausage sticks were cooked by covering with casing except frying where necked
sticks were directly fried in oil after a boiling treatment of covered stick for 10 min.
Moisture removed from the sausage due to cooking effect was directly drained into the
oil during frying in such case.
Table 2. Cook loss and folding test score of sausage prepared under different cooking
Attributes 2-step heating*1 Conventional Broiling Frying
(min)
cooking (min) (min)
(min)

Autoclaving*2

20 30 40 60 20 30 40 60 20 30 40 60 10 15 20
FT (score) 4
CL (%)

4

4

4

3

4

4

4

3

3

4 4 4

16.2 13.8 14.0 14.8 13.3 13.5 13.7 13.9 16.1 15.8 15.9 16.010

4

4

10.4 11.0

30 10 15 20 30 40
4

4

4 4 4

4

10.5 10.0 11.211.5 12.5 12.8

*1

After incubating at 50°C for 1 hour, stuffed sausage was cooked at 90°C for given
time.
*2
Stuffed sausage was autoclave-cooked at 115°C for given period (min).
Folding test score was almost similar in all the sausage prepared by different
cooking methods, except in conventional cooking for 20 min. and in broiling for 20-30
min. FT could not differentiate the qualities of different sausage due to lack of precise
evaluation indices for such product. But FT values suggested that sausage prepared by
such cooking methods could be of acceptable quality, as also understood from the sensory
C/R values (Fig. 2).
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Table 3 shows the POV and TBA values and aerobic plate count of the sausage at the 7th
day of storage at 4oC.
Table 3. Quality of fresh spice sausage under different cooking compared to commercial
fish sausage
Parameters

2-step Conventional Broiling Frying
heating Cooking
4.6 a
5.3 a
4.9 a
5.2 a

Autoclaving

Commercial
Fish Sausage
7.4 b

POV
5.0 a
(mmoles/kg fat)
TBA
0.43 a
0.55 a
0.63 a
0.35 a
0.48 a
1.3 b
(mg/kg meat)
APC x 10 4
2.9 ab
3.3 ab
3.5 ab
1.8 a
2.0 a
6.2 b
POV = Peroxide value; TBA = Thiobarbuturic acid; APC = Aerobic plate count

Different superscripts in a same row differ significantly (p<0.05)Both POV and
TBA values were almost identical in all cooking methods but distinctly lower (p<0.5)
than that of commercial fish sausage. Aerobic plate count on the 7th day at 4oC was in
acceptable range in all-cooking methods. The results suggested that unwashed mince
blend of LMF could be used in fish sausage preparation by applying high cooking
temperature like autoclaving, dip frying in oil or two-step heating.
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