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ctal. (1970) reporicd that the fresh dict of shori-
neched clam (Tupes  ilippinarum) gave supe-
rior growth compared w0 the compound.d diets
for Penacus japonicus. Similar resuts wore
obtamed by Forster and B:ard (1973) for
Palacmon scrratus. But Venkararamaiah or al.
(1975) found that aithough the live foods such
as Artemia naupiin and shrimp m:at gave sup2-
rior growth in brown shrimp, a high rais of
chivinoclasiic bacterial infection, leading 10
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ing. The prob: tactor may b: the iodine
rich thyro-proie .. in the fresh clam (Personal
discussion with Kai W. Chow, Aquaculture
D:partment and Co-ordination Prog., FAO).

Fish m:al gave comparatively poor results
as reporied earlier by Deshimaru and Shigeno
(1972) and Colvin (1976). The form:r workers
found that the amino acid composition of fish
m:al was not similar to that of the prawa

R N
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Fig. 2. Growth, dietary protein level and protein efficiency ratio curves
of the prawn P. indicus: A. Relatiorship Fetween the dietary protein level and
live-weight increase and B. Relationship between dictary profein level and

protein efficiency ratio.

heavy mortality was observed in these experi-
ments. The relatively poor performance ob-
tained by the fresh clam meat in the present
study may be due to similar reasons.

Frequent moulting was observed during feed-
ing experiments with fresh clam meat suggesting
that this contains a factor which induces moult-

P. japonicus. The latter suggested that the
relative deficiency of the amino acids, tyrosine
and phenylalanine in the fish meal may be the
reason for its relatively poor performance.

Prawns were observed to prefer prawn waste.
The odour it possesses may be attracting the
ammals and making the feed more palatable.



?‘b

PLLLLTIZED 1 EE 253 AND EFFECT OF PROTLEN LEVELS n

The protein quality of thz prawa wist: may b
furcher imaroved by blandima it with other high
quality proiein materials such as mantis shrimp,
in switable proporiions,

Deshimaru and Saigeno (1972) obszrved that
the growih of P. japonicus was found o correlaie
with the amount of crud: proizin in the dict.
A sim'lar trend was obsarved by Balazs and
Ross (1976) tha. high proigin conien: produced
larger  prawas (M. rosuahergii).  Venkata-
rarwiah et al., (1973) found best growch with
tha food containining 40°, prowzin (P. aztecus)

and Colvin (1976) record:d highest live-wzight:

gain with a 439 protein diet (P. indicus). Thz
findings of expzrimzms carried out in th:
present study conform 1o th: above resuis.
The growdh values record:d in the presant study
(23 mg/day with initial wzight 0.2 g) are compa-
rable to that of Colvin (1976, 44 mg/day with
intial wzigat 0.95) taking into consid:ration
the initial mzan weights of the prawas. Thz
food conversion valuzs obtained are compara-
tively superior.

The opiuimum protein level in the: diets for
penaeid prawns appzars to bz between 35 and
40%. This is indicated by the steep rise in
weight increase (Fig. 2, curve A) between 35.0 and
42 99, while the increase in weight was gradual
in the lower protein levels. This is further
supported by the fact that the protein utilisation
is steady (Fig. 2, curve B) between the two
protein levels. Results from other workers
confirm that protein levels compatible with
maximum or near-maximum growth were
batween 30 and 409, for penaeid prawns (Sick
et al., 1978 ; Forster and Bzard, 1973 ; Venkata
ramaiah ef al., 1975). In general it is observed
that the high protein levels in the diet bzyond
the optimum level do not producz significant
increase in growth or the grow.h is not pro-
portional to the increase in protein level. The
probable explanation for this may be that the
increase in protein decreases the quantity of
other energy giving nutrients such as fat and

carbohydrat: in the digt, from which the animals
normitly derive most of the enzrey required
for th:ir m:abolic acivities. In that case the
protzin in exczss of the optimum level 1s mostly
utilisad for the m:tabolic energy required and
not for uissuz growth. This is indirectly sup-
portad by the fact that the protein utilisation,
in terms of live-weight gain, dzclines with the
incrzas: in the dictary protein level. However,
this n:>ds funher study to establish the fact.

The resulis of the preszant study indicate that
th: qui'iey of the protzin in the diets dep:nds
upon iws sourcz and influences the growih.
This is in accordanc: with the findings of Forster
(1973). Therefore for th2 practical utilization,
it will bz more realisiic to select the suitable
raw materials available in the region concerned
and find thz nutritional requirements in terms
of th: raw matzrials, instead of purifizd protein
materials, such as caszin. For the growth and
food conversion obtainzd by the diets containing
caszin at a particular protein level may be
entirely different from that of the diets containing
the szlected raw materials depending upon their
protein quality.

The results of the present study show that
the mantis shrimp protein is one of the high
quality animal protein sources for diets. Little
Information is available in the literature about
the usz of mantis shrimp in prawn diets. Consi-
d:rable quantities of mantis shrimp are landed
along with the prawns. But most of it is not
properly utilised. The utilisation of mantis
shrimp as one of the prawn feed ingredients
may bz a promising proposition,

CoNCLUSION

Mantis shrimp protein and dry clam powder
may bz considered high quality animal protein
sources to be used in the prawn diets. Prawn
waste provides desirable flavour aud palata-
bility in the diets for prawns. Fresh clam m:at
contains a factor which induces moulting in the
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juvenile prawns. Fish mez  lone may bz a
relatively poor anim: protein source for
prawns. Maximum g ,wth rate is obtained

i

with diets containing 42.9% crude protein and
the optimum -pri »in level in the diets for
penaeid prawns lies batween 35-40 9.
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PRAWN WASTI

Feeding experiments

Juveniles of P. indicus (average 30 mm length,
0.2 g weight), reared in the hatchery were selected at
random for feeding experiments. They were stocked
in 90 cm diameter plastic pools containing 300 litres
of sea water (filtered through No.20 bloting silk cloth).
The specimens were individually measured for length,
but the initial average weight was taken from a sample
of 50 animuls sacrificed for this purpose.  Ten animals
were stocked in each pool and two replicates were
hept for each treatment. Aeration was provided
intermittantly in all the pools and the entire water was
changed once in three days.

Feeding was done at the rate of 127, of the body
weight once a day in the evening hours, The feed was
kept in petridishes at the bottom of the pool. The
left over food was carefully collected. dried and weighed
and the sediments were removed regularly before
feeding. The feeding experiments were continued for
a period of 30 days.

The salinity, oxygen and pH of the water were
monitored whenever water was changed and special
care was taken to see that these parameters had least
variation. No temperature control was exercised since
the experiments was conducted at the given ambient
temperature. The range of these parameters during
the experiments were, salinity 14 +2°,.. pH 8 to 8.05
and temperature 26.6°C to 28.2°C.

Results and Discussion

_ The results obtained from the four experiments
using the formulated feeds together with those in the
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control are given in Table 3. In all thése cases. the
offered food had been generally acceptable to the prawns
even from the first day.  Within the 30 days of duration
of the experiment there was no significant variation in
the acceptability of these feeds and it was also noticed
that the quantty of feed offered (129, of body weight)
was more than what was taken. indicating that the
feeding was more or less “ad libitunt’.  In all the treat-
ments the animals were active and healthy and no signs
of defliciency were noticed throughout the experi-
mental period.

The growth achieved in the control experiment
with fresh clam meat as feed was 9.5 mm with in 30
days and that was only an increase of 30.9°,. In the
matter of weight the increase was to the extent of 130%.
This growth of prawns obtained by the use of control
feed was inferior to the results obtained by use of all
the compounded feeds. Among the four compounded
feeds tested, the use of feed NPCL,, produced the
highest growth ratz of 75.7% in length and 4007 in
weight and the best food conversion efficiency of 3.22.
This is followed by the results obtained by the use of
feed NPCL,, in which the growth rate was 52.5° in
length and 280°, in weight and food conversion effi-
ciency was 5.97. The growth and food conversion
obtained in prawns by the use of feeds NPCL,, and
NPCL,; were almost similar, the results obtained
by these feeds being 63.59%,, 242%, and 7.78 and 57.6%,
242%, and 7.648, the growth in length, weight and food
conversion efficiency respectively.

The components groundnut cake and cassava being
the same in all the feeds, the combination of prawn waste
(25%,) and mantis shrimp (35%) in the ratio 5:7 gave

Table 3. Results of the feeding experiments conducted with the feeds NPCLyo to NPCLyy and clam meat on the

Juveniles of P. indicus

No. of animals stocked: 10 nos/pocl: Duration of experiment: 30 days

o Feed No. Fresh
Dcscnpt]oﬂ NPCL 10 NPCL 21 NPCL 11 NPCL 13 clam

meat

Initial mean length mm 28.40 28.00 27.40 27.60 30.70
Initial average weight g 0.15 0.15 0.15 0.15 0.20
Final average length mm 43.30 49.10 44.10 43.50 40.20
Final average weight ¢ 0.57 0.757 0.513 0.513 0.46
Increase in average weight g 0.42 0.60 0.363 0.363 0.26
Increase in mean length mm 14.90 21.20 17.40 15.90 9.50
Growth in length “, 52.50 75.70 63.50 57.60 30.90
Growth in weight “, 280.00 400.00 242.00 242.00 130.00
Total food given g 20.90 20.50 20.90 20.90 -
Total left over food g 1.3163 nil 1.4397 1.7788 —
Total tood consumed g 19.5837 20.90 19.4603 18.1212 -
Food conversion value ( +) 5.59 3.22 7.78 7.648 —
Survival " 75 &S 90 90 50

(+) Food conversion value =

Totul food consumed (g) total weight increase (g)
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the best performance in feed NPCL,,.
tents of prawns waste ab-ve
above 35% in the fee

Higher con-
25%, and mantis shrimp
owered the performance.
Therefore, the best ¢ bination of these two materials
in the feed appears t 2 in the ratio 5:7 under the pre-
sent experimental conditions.

The use of prawn waste and mantis shrimps for
preparation of feeds for the culture of prawns appears
to be very promising. Although, the four compou-
nded feeds prepared were readily acceptable to
the prawns, there appears to be a relative preference
to flavour of prawn waste which possibly is enhancing
the palatability of the feeds. The feeds produced very
superior growth in prawns in comparison with the results
obtained by using the control feed of fresh clam meat.
While clam has been conventionally used as control
feed in prawn rearing experiments, Aha.nad Ali (1980)
observed in such cases heavy mortality and cannibalism
leading to poor performance.

The growth of 400%, in body weight of prawns
P. indicus obtained in the experiment using the feed
NPCL,, isfar superior to the growth of 196.88" obtai-
ned by Colvin (1976) using prepared feed with 33.47)
of protein consisting of yeast, molasses, prawn
meal (whole prawn) and fish meal under more or
less same conditions. By using pelleted feeds consisting
of prawn shell, fish meal and high maish grass,
Venkataramaiah et al. (1978) obtained a growth of
31.4% in length and 137.9% in weight in F. azrecus.
The growth obtained by the feed NPCL,, in P.
indicus in present study is far superior. New (1976)
has reviewed the various works on preparation,
use and effect of different compounded feeds in
different species of prawns. The comparison of the
results obtained in these studies is rendered difficult
due to variations in experimental conditions and pro-
cedures. However the growth of 75.7°, in length and
400%, in weight and food conversion efficiency of 3.22
obtained by using feed NPCL,, in P. indicus can be
considered as very good under laboratory conditions

and are superioi to that ot the control feed fre.h clam
meat.

While no reference 1s available on the use of man-
tis shrimp in prawn feeds, prawn waste had been used
for preparing prawn feeds by Forster (1975). Sandifer &
Joseph (1976) and Venkataramaiah er al. (1978). The
relative efficiencies of feeds compounded separately
with prawn waste and mantis shrimp protein for rearing
P. indicus were reported earlier (Ahamad Ali. 1980),
in which the feed prepared using mantis shrimp protein
gave the highest growth and best food conversion value.
Both prawn waste and mantis shrimp contain fairly
high percentage of protein, calcium, phosphorus and
chitin (Madhavan & Ramachandran Nair, 1975)
which are very important factors in prawn nutrition.
Kitabhayashi er al. (1971) showed glucosamine the
breakdown product of chitin. is a growth promoting
factor for the Japanese prawn P. juponicus. That the

SYED AHAMAD ALI AND K. H. MOHAMED

essential amino acids, fatty acids and pigments conta-
ined in the prawn waste material have growth promo
ting role when fed to prawns in compounded feeds “a.
been r yorted by Forster (1975) and Sandifer & J¢  h
(1976) It is also seen that addition of these mat _.als
in the compounded feeds enhances their flavour and
palatability in respect of prawns.

These two materials are presently wasted in large
quantities in the fishing harbour and peeling sheds and
the cost of these materials is only nominal. It is impor-
tant that these materials are put to rational use for
enhancing the production by preparing low cost feed
materials for the fast developing prawn culture industry
in the country.

The authors wish to express their sincere thanks to Dr.E.G. Silas,
Director, Central Marine Fisheries Research Institute, Cochin -18
for his encouragement in carrving out these studies.
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Utilisation of Prawn Waste and Mantis Shrimp for
Compounding Feeds for the Culture of Penaeid Prawns

SYED AHAMAD ALl and K. H. MOHAMED

Central Marine  Fisheries Research Institure. Cochin - 682 018

Waste materials like prawn waste (Protein 38" . energy 3.69 Kcal/g) and mantis shrimp (Protein
45" . energy 3.72 Kcal'g) were identified for providing animal protein in compounded feeds for
culture of penaeid prawns. Four different feeds were tormulated and pelletized using prawn waste,
mantis shrimp. groundnut cake and cassava to evaluate their acceptability as feeds. These feeds
were tried on the Indian white prawn Penaeus indicus and its growth and food conversion efficiencies
were found out. The efficiency of these feeds were compared with the results obtained by the use of
conventional feed of fresh clam meat taken as control. Short term feeding experiments conducted
on juvenile P. indicus at the Narakal Prawn Culture Laboratory showed that the feed No. NPCL,,
having a composition of prawn waste 25° . mantis shrimp 35", groundnut cake 20", and cassava
20°, gave the highest growth rate (length increase 75.7V,. weight increase 4007,). Among the feeds
tested the highest food conversion efficiency of 3.22 was also obtained by the use of this feed.
The feed was readily accepted by the prawn and that their growth was far superior in comparison
with the growth parameters obtained in the control.

The nutritional values and characteristics of these two low cost animal protein sources as feed
ingredients have been discussed and detailed methods of preparation described.

Appropriate feed is the most important pre-requi-
site for the development of scientific prawn culture
through its various stages. Earlier workers in Japan
used clams and mussels for feeding prawns (Fujinaga,
1935, Hudinaga, 1969) in culture systems. Later,
through the development of balanced compounded
feeds (Deshimaru & Shigano, 1972) it had been possible
to develop intensive culture of Kuruma shrimp Penaeus
aponicus (Shigeno, 1975). Subsequently  several
studies were conducted in different parts of the world.
on penaeid prawns to develop feeds (Cook & Murphy,
1969; Cook, 1973 and New, 1976) using various feed
stuffs available in the concerned region. Several
compounded feeds have also been patented by various
workers in different countries for culturing of aquatic
organism on commercial scale.

In recent years high priority is given for the deve-
lopment of marine prawn culture in India, utilising the
coastal swampy areas, to augment the production.
Among the several candidate species suitable for cul-
ture (Forster & Beard, 1974) the Indian white prawn
Penaeus indicus has been i 'entified as the most suitable
species for culture in coastal waters. Suitable hat-
chery techniques have been developed for mass pro-
duction of the seeds of this species at the Prawn Culture
Laboratory of Central Marine Fisheries Research
Institute, Narakal.

With a view to develop low cost nutritionally
balanced feeds for the culture of P. indicus, locally

available low cost materials like prawn waste, mantis
shrimp, groundnut cake and cassava (tapioca) were
identified as the feed ingredients. The acceptability
and the relative efficiencies of these feed materials for
the prawn were already reported by Ahamad Ali
(1980). The present study is taken up for exploring
diversified utilisation of these products for compoun-
ding low cost feeds for the culture of penaeid prawns
in the grow out systems.

Materials and Methods

Raw materials used were prawn waste, mantis
shrimp. groundnut cake and cassava (tapioca). Prawn
waste consists of the entire exhoskeleton, the head,
eyes and eyestalks, hepato pancreas, gills. residual
meat in head and the intestine of prawns. For feed
compounding this conglamorate material was collected
and brought to the laboratory and was sun dried on
cement platform without washing. When fully dried
it was made into a fine powder using micro pulverizer.

The mantis shrimp is a stomatopod caught in
abundant in the early fishing season for prawns. Large
quantities of Orato squilla nepa occur in the trawl
catches along with prawns during November to January.
During the season tonnes of this species are sorted out
and discarded in the fishing harbour and other trawler
landing centres. The meat content of the animal is
very low and major portion of its body consists of
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chitin. These were collected, dried and powdered in
the same wav as prawn waste. The cassava powder
as well as the -oundnut cake were obtained from the
local ma: ot

Preparation of feeds

Four feeds nos NPCL;,. NPCL,. NPCL,;, and
NPCL,; were formulated using the ubove ingredients
in different proportions keeping the protein level at
34°). The percentage of prawn waste and mantis
shrimp were varied from 15to 45", while groundnutcake
and cassava were kept constant in all the four experi-
mental feeds (Table 2). The powdered ingredients
were weighed separately and then mixed and homoge-
nized in an electrical blender.  Water (900 ml for 1| kg
of feed) was added and cooked at 1 psig for
15 minutes. The feeds were then kneaded into a dough
and extruded through 3 mm diameter extruder and
dried in the oven at 70 £ 2°C for 12 h. The control
feed was prepared from clam (Sunneta scripta) meat.

The crude protein was estimated by Kjeldahl
method, lipid was estimated by using methanol chloro-
form mixture (1:2 ratio) and moisture and ash were
determined by the A.O.A.C. methods. The calorific
value was determined by the bomb calorimeter. While
calcium was estimated by the titrimetric method,

Table 2. Composition of the feeds and fresh clam

NPCL,, NPCL,,

(a) Ingredients

Prawn waste 15 25

Mantis shrimp 45 35

Groundnut cake 20 20

Cassava (tapioca) 20 20

Total 100 100
(b) Proximite composition

Crude protein

(", on dry basis) 1371 32.83

Lipid 6.30 6.72

N-free extract

(by ditference J0.41 43.15

Ash 19.38 1730

Acid msoluble ash 0.39 0.67

SYED AHAMAD ALI AND K. H. MOHAMED

phosphorus was  determined by
method using molybdo vanadate

the colourimetric
reagent

The composition of prawn was  mantis shrinp,
groundnut cake and cassava used for the preparation
of the feeds is given in Table | and the composition
of different feeds and fresh clam meat in Table 2.
Table 1. Biochemical composition of prawn waste.
nantis shrimp, groundnut cake and cassava

Description Prawn Mantis Groun- Cassava
waste  shrimp dnut
cake
Crude protein ",
(TN x 6.25)
dry wt. basis 38.20 4571 48.54 2.00
Carbohydrate .
(", on drv basis) — - 14.50 68.50
Lipid % 7.53 7.55 10.40 0.54
Ash i 2395  23.63 6.30 1.45
Acid inso- ]
luble ash .. 393 |38 —
Calcium ., 7.138 8.02 - —
Phosphorus 1,22 1.26 -
Calorific
value (k cal g) 3.69 3.72 -
meat
Feeds Fresh
NPCL,, NPCL;4 clam
meat
35 45
25 15
20 20 -
20 20 ~
100 100 e
33.29 33.71 43.10
3.0 643 13.00
31.62 43.03 3971
16.89 16.83 2.19
0.8% 2.3 Trace
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_ ONTIHE SWARMING CRAB IN THE DSL OF TIiE WEST COAST OF INDIA

numbers mixed with other pelagic groups. The
species accounted for about 0.3% in the total DSL
population in terms of number (Menon and
Prabhadevi (1990), the maximum percentage being
81.3 recorded in the oceanic waters off Colachel on
the southwest coast. The species is found to be
occurring all along the west coast between
Kanyakumari and Dwaraka (Fig. 2). In the positive
hauls, the abundance of crab showed vast variations.
Majority of thesc hauls yiclded only stray specimens
numbering less than 10 crabs per haul. Table 1 gives
details of the samples containing more than 10 crabs
per haul. In gencral, relatively more number of
samples rich in crab population was recorded in the
region between Ratnagiri and Mangalore, and Co-
chin and Kanyakumari, the maximum abundance
having been observed off Trivandrum to
Kanyakumari. Wheneverrich catches wererecorded,
they were found to be sporadic and there was no
consistency in the occurrence of crab in any particu-
lar region. The maximum number per haulamounted
to862 which wasrecorded off Colachel in the oceanic
waters where the depth of the sca bottom was over
2,700 m.

Analysis of catch with reference to different
depths of occurrence indicates that the species is
distributed only in the outer continental shelf and in
the oceanic waters. The minimum depth of the
station from where the species has been encountered
was 93 m at Lat. 18°30°'N. The species showed its
presence in varying densitics within the shelf region
uptoabout Ratnagiri,and beyond thisit wasencoun-
tered only in the occanic waters far beyond the
continental shelf.

Table 1. Catch details of Charybdis (G.) smithii in the [KMT
collections yielding more than 10 crabs/haul

Sk Position Depth - Total  Percentage

No. Lat. Long, at  number in total
(N) (E) station  of biomass by

(m) crabs number
T 08° 24’ 72°500 1821 13 36
2. 07 30 75°30° 2765 862 81.3
3 7= 30 76°31 1492 13 136
4. o731 7647 1670 76 223
3, 08° 00 76° 50 99 17 212
6. 08° 30 76°12' 680 11 45
7. 09° 2% 74° 15 2671 162 48.0
8. 11° 00 72°01° 1645 10 15.8
9. 14° 00° 66° 33 4109 59 85
10. 14°59' 73° 00° 229 37 14.8
1. 16° 00 72°40° 504 96 59.2

12, 16° 00 68° 30° 3751 13 36

Seasonal distribution and abundance

The species was encountered in the samples
throughout the year except during May and June
when there was no IKMT collection. In order to
study the scasonal variationin theabundance of crab
in the DSL, the catch data have been pooled and
averages taken for 3 seasons, namely, premonsoon
(February-May), monsoon (June-September) and
postmonsoon (October-January). Itis found that the
average number of crabs per haul varied signifi-
cantly in different scasons of the year. The average
catch rate per haul worked out to 64.79, 7.62 and 23.6
for premonsoon, monsoon and postmonsoon sca-
sons respectively. The maximum number of crabs
recorded in individual sample (862) was obtained
during the premonsoon scason (April).

Diurnal variation in abundance

From the analysis of the data collected during
day and nightscparately, itis scen thatduring night,
crababundance was very high occasionally, butsuch
rich collections were rather sporadic. (Tables 2 & 3).
Intheday series of collection, however, wide fluctua-
tions in the abundance of crab were not observed as
in the night series of collection. The maximum
number of crab per haul recorded during the day
time was 68 as against 862 crabs in the night.

Biological observation

Size composition

The IKMT samples contained all the life stages
of the swarming crab, viz. zoea, megalopa, juvenila,

“subadult and adult. The juveniles dominated in

most of the samples examined. The size frequency
data have been pooled together and plotted sexwise
tostudy the gencral size compositionof the species in
the DSL (Fig. 3A). It is seen that there is not much
variation in the size composition between the two
sexes. The size range of the crab, after the megalopa
stage, was from 12 to 64 mm C.W. for maleand 12 to
60mm C.W. for female. Juveniles measuring 12 to20
mm C.W. formed the major component of the crab
population for both sexes. In the advanced size
groups, comprising of subadults and adults, indi-
viduals in the size range 34 to 54 mm C.W. were
fairly common for both sexes. A study of size fre-
quency distribution of some of the rich collections of
thecrab (Fig.3 B-E) has shown that the richness of the
crab samples was due to the abundance of juveniles
in the size range 12 to 20 mm C.W.
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Tasie 2. Catch details of Charybdis (G.) smithii in the day serics of
IKMT hauls arranged monthwise

Sl Month Pusition Total

No & Latitude Longitude number
year E E of crabs
1 Feb., 1985 11°00° 71° 00 1
2. Mar, . 09° 30 7532 68
3. p 08°21' 74° 54’ 2
4. R 08° 30° 76212 1
S0 Apr. . 07° 30 7400 9
6. e 09°30° 73700 1
7 & W 08° 28 74001 1
8 .. ” 09° 30 eultig 3
9 Jul, 07°30 76°38° 13
10, W 08° 00 76° 50 17
11 T 08°14' 76°38 1
12. W e 08° 30° 76° 26’ 2
13. ~ 09° 30 75°24 3
14 - 10° 00 75°25 1
15 Auy, neor 7201 10
16. w B 12° 0 74°30° 3
17, i 12750 69°59' 4
18. o 147 0 60° 34 59
19 PR 14059 PAR 37
20. > 15° 00 720 4
21. # 167 00 63731 13
2 Sep., . 18°00° 67° 00 1
23. P 20° 000 67°30' 1
24 Oct., . 172 30° 67° 00" 1
25. W 14230 72°41 1
26. w 13°30° 73703 1
27, - i 167 30° 67° 30 2
28 Jan., 1986 09° 00° 75° 00 1
Sex ratio

In the total crab population, the percentage
composition of male and female was 52 : 48, thereby
showing a slight preponderance of males. In the
largersize group comprising of subadultsand adults,

the overall sex ratio was 47 : 53.

REMARKS

Available information on the distribution
pattern of the swarming crab along the west coast of
India shows that the species occurs only in the south-
west coast upto about Bhatkal in Karnataka coast
(Silas, 1969). The present study reveals that the
species enjoys a distribution throughout the west
coast of India. Since the present investigationis only
based on the IKMT samples taken from the pelagic
realm, it is not certain whether at the bottom also the
species occurs throughout the west coast of India.
The fishery resource surveys carried out by the
Polish vessel M. T. Muraena on the continental shelf
and upper continental slope along the northwest
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Tawv. 3 Catch details of Charybdis (G.) smithii in the night series
of IKMT hauls arranged monthwise

Sl Month __Position Total
No & Latitude Lm\gil_m!{- ntimber
Year (N) (E) ol arabs
1. Mar., 1985 11°2¢ 69726’ 1
2. i i 10° 31 75%52! L]
3 5 i 09229 74°15' 162
4, Apr, . 08° 308 73°38' 1
5 ) " 08° 30" 7370 1
6. 0724’ 72050 13
7 . 07" 30 75° 30 862
8. & 07°31' 76°47T 76
9 = o 10°29 75230 4
10. & ii 10030 73°00° 2
11 . i 097 30 74°07 1
12, & i 09° 30 74°200 4
13 jul, ., 08230 76° 0 2
14. Aug, (m51° 72040 2
15 = - 11702 72°02 2
16. N - 12°50° 73°01 3
17 = W 12° (0 71°30° 3
13 " - 12°50 71700 |
19 = " 1450 71° 30 5
20 o i 14° 00 73°31 1
21 Fr i 15°01' 68° 58' 4
22, o " 167 00 68°31" 13
23 Octy 20030 65°30' 2
24. P " 200 30 65° 30 3
25. S G 18° 30 66° 30 2
26. B . 18° 30 677 30 i
27. - " 16° 30 72° 30 1
28. " m 12°30 74703 1
29. i T 16730 68° 30 2
30, Nov., .. 122 00" 73°42' 3
3. Dec., 1985 16° 00° 72°40° 96

coastofIndiainlateseventies (Bapatetal., 1982) have
not indicated the presence of this species in the
bottom trawl catches from any arcas north of Karna-
taka. Examination of the trawl catch data of FORV
Sagar Sampada also does not reveal the presence of
this species in this region (Suscclan ef al., 1990). The
poorabundance of C. (G.) smithii in the IKMT collec-
tions examined from this region during the present
study could indicate less possibility of the existence
of a rich benthic population of the species along the
northwest coast.
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EFFECT OF CARBOHYDRATE (STARCH) LEVEL IN PURIFIED
DIETS ON THE GROWTH OF PENAEUS INDICUS

SYED AHAMAD ALI
Central Marine Fisheries Research Institute, Cochin.

ABSTRACT

Four purified diets were formulated using casein, gelatin, starch, fish oil,
groundnut oil, vitamins, minerals and cellulose. The carbohydrate in the diets
was increased from 10 to 40% by varying the starch content to study the effect
of dietary carbohydrate level on the growth, survival and food conversion of the
prawn Penaeus indicus The protein and the lipid contents were kept constant in
all the diets. Feeding experiments conducted in the laboratory on the juvenile
P. indicus indicated that the growth of prawn increased with increase in the dietary
carbohydrate level from 10 to 40% (P < 0.01). The food-conversion efficiency
and the rate of survival improved with the increase of carbohydrate level in the
diet. The growth also increased with the increase of carbohydrate calorie ratio,
while it was better with lower protein carbohydrate ratio of the diets.

INTRODUCTION

Carbohydrate is a cheap source of energy in the diet of animals, includ-
ing fish and prawns. If a large percentage of the metabolic energy requirements
of the animal can be met from the carbohydrate, the more expensive protein can
be spared for growth. The protein sparing action of the carbohydrate in the.diet
at 30% level was reported by Andrews et al (1972) in Penaeus aztecus. Sick
and Andrews (1973) found that 40% corn starch in casein-based diets produced
faster growth in P. duorarum- The wbohydrate requirements of the Indian
white prawn P. indicus are not known. With a view to finding out the effect of
dietary carbohydrate level on the growth and food conversion of P. indicus, th:
present study had been carried out. Since Abdel Rahiman et al (1979) had
reported that the polysaccharldes like starch, dextrin and glycogen gave better
growth, along with disaccharides, in P. japonicus, starch was selected as the
source of carbohydrate in the present study.

MATERIAL AND METHODS

Fat-free casein was obtained from Centron Laboratories, Bombay. Gelatin
used in the diets was obtained from B.D-H., and starch from Merck. Sardine
oil and refined groundnut oil were locally purchased. The vitamin mixture was
obtained from Roche Pharmaceuticals; the mineral mixture was prepared in the
laboratory. Cellulose powder was procured from Johnson Chemicals, Bombay.
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Preparation of the diets

Four purified diets (Cl, C2, C3 and C4) were formulated using casein.
gelatin, starch, a  mixture of sardine oil and refined groundnut oil  (in
ratio 1 : 1 ).The starch content was varied from 10 to 40% in the diets Cl1 10
C4. Cellulosc powder was used as the non-nutrient filler. Vitamins and minerals
were included in all the feeds. No extra binding material was used since all the
diets contained gelatin and starch. The protein content in all the diets was kept
approximately at 35%. By virtue of variation in thc carbohydrate content, the
protein carbohydrate ratio varied from 3.5 to 0.92 in the diets from Cl to C4
while the carbohydrate calorie ratio changed from 2.079 to 8.831. The percent-
age composition of the diets is given in table 1.

The starch and the gelatin were dissolved in 80 ml (for 100 g of diet)
of water and cooked into a paste, while the other ingredients were separately

TABLE |. Percentage composition of the diets.

Ingredients % Diets
Cl C: C3 C4

Casein 30 30 30 30
Gelatin 06 06 06 06
oil * 06 06 06 06
Starch 10 20 30 40
Vitamin and mineral (mix **) 03 03 03 03
Cellulose powder 45 35 25 15
. Total 100 100 100 100
Proximate composition 9% on dry basis

Crude protein 35.75 33.25 37.62 36.75
Lipid 6.00 6.00 €00 6.00
Carbohydrate (Starch) 10.0 20.0 300 40.0
Ash 40 425 403 625
Calorific value (K caljg) 481 479 466 453
Protein carbohydrate ratio 350 1.75 125 092
Carbohydrate calorie ratio 2.079 4.166 6.437 8.831

*  The oil used consists of a mixture of fish oil (Sardine) and groundnut oil
in the ratio 1 : 1.

#* The mineral and vitamin mixture : Eevery 500 g consists of Vitamin A
6,25,000 L.U; Vitamin D*. 62,500 LU; Vitamin E, 250 L.U; Vitar in B2,
200 mg. Calcium. 126.0 g: Phosphorous, 90.0 g. Copper. 125 g.

lod'n as jodate. 0.25 ¢. Manganese 1.00 g. Cobalt 0.10 ¢ and Zinc 0.50 g.
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powdered and passed through a 30-mesh sieve and added to the paste. The mix-
ture was then thoroughly homogenised and passed through a 3mm-diamcter
extruder. The extruded part was dried in an electric oven at 65 + 2° for 12 h,
and stored in air tight plastic containers until use as diet.

The crude protein of the diet was determined by Kjeldahl method and
the calorific value was determined using bomb calorimeter.

Feeding experiments

Juveniles of P. indicus from the same brood. reared in the prawn culture
laboratory of CMFRI, Narakal, were randomly sclected and used in the experi-
menis. The average initial length was about 27 mm and weight 0.1 g

The animals were stocked in 3'-diameter collapsable plastic pools with
300 1 sca water, filtered through boltingsilk. In each pool, 20 animals were kept,
with two replicates for each treatment. Aeration was provided intermittently in
all the pools. The water in the pools was changed every six days.

Feeding was doné at the rate of 25% of the body weight per day, to
start with. But subsequently, feeding was adjusted, to 15 to 10% of the body
weight per day, according to the left over food. Feeding was done once a day,
in the evening. The feeding experiment was carried out for a period of 30 days.

The salinity of the water was maintained at 16 + 1% throughout the
experiment. The temperature ranged between 26°C to 27°C and the pH of the
water varied from 7.9 to 8.0 during the experimental period.

RESULTS

The results of the feeding experiment are presented in table 2. It can
* be seen that the growth of the prawns, both in length and weight, gradually in-
creased (from 62.3% to 147.6%) with the successive increase in the carbo-
hydrae level of the diets. The diet with 40% starch recorded the highest growth
(fig. 1 curves A and B). The food conversion efficiency improved with the in-
crease in the dietary carbohydrate level up to 30%. There is a slight decline
theafter. The percentage of survival is maximum (95%) at 40% carbohydrate
level.

The experimental data were subjected to statistical analysis and were
. analysed by the method of analysis of non-orthogonal data by fitting constants.
For this, the model used was:

Yijk = b 48+ bj + (ab)jj + eijk

Where Yijk is the length of the KM individual in thc:j”1 replicate of the ifh
diet Jevel.
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! the effect ofi'h dict level.

i
bj - the effect ofj[h replicate.

(‘.lh)iJ the interaction eflect

Lo

ik~ random error comporent.

The analysis is summarised in table 3. It can be seen that the interaction
is highly significant along the treatments and replications. indicating that treat-
ments and replicates are not independent. That is. there is a differential response
to treatments over the replications and vice versa. From individual mean com-
position, it is observed that treatments significantly differ among themselves,
diets C3 and C4 scoring over C1 and C2. Thus there is increase in growth with
the increase in carbohydrate level in the diet (P < 0.01) from C1 to C4.

The results also indicate that the low protein carbohydrate ratio and
high carbohydrate caloric ratio produce higher growth rates (Fig. 2. curves

C, D, E, and F) and survival and improve the food conversion cfficiency of the
diet.

16or Curve . A Weighr

8 Length
140 7

120} A

100}

GROWTH ( %)

80

- 60F

401

8

20f .’/o———""_".
1 1 1 1

o 10 20 30 ao

CARBO HYDRATE LEVEL (%)

FIG. 1. Relationship between the dietary carbohydrate level and growth
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TABLE 2. Data vn ithe feeding experiment with feeds Cl 1o C4 on P. indcus for

30 days.
~ Diets

G G C Cs
Initial mean length (mm) ’ 27.05 29.87 27.40 27.87
Initial average weight (g) 0-105 0.105 0.105 0.105
Final mean length (mm) 31.01 32.68 33.43 34.62
Final average weight (g) 0.170 0.169 0.193 0.260
Percentage increase in length 14.70 19.30 21.90 24.30
Percentage increase in weight 62.30 61.0 §4.20  147.60
Percentage survival . 72.5 87.5 B2.5 95.0
Food conversion® 11.15 5.55 4.07 4.25

Weight of food consumed

*  Food conversion =
live weight gain

- TABLE 3. Statistical analysis : ANOV A

Source Degrees of Sum of squares Mean squarc
freedom S.S.

Feed levels 3 233.5612 77.8537 X X

Replicate 1 14.9718 149718 X X

Treatments 3 187.8687 62.6226 X X

Errors 129 811.3187 6.2893

X X = Highly significant (P < 0.01)
DiscussioN

The increase in the carbohydrate level in the diets enhanced the growth
in prawns. This may be due to the protein sparing action of carbohydrate in
which the increased levels of carbohydrate in the diet might have provided larger
quantums of energy required for the metabolic activitics of the animals, while
more and more protein had been spared for growth. The enhanced growth at
higher levels of carbohydrate might be responsible for better food conversior
values. At the lower levels of carbohydrate in the diet, the aminals might be
deriving the metabolic energy partly from protein, thus accounting for lesser
growth even though the protein and lipid levels in the diets at lower and higher
carbohydrate levels were the same.
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The diet with 40% carbohydrate produced the highest growth which i
maximum level tested. Andrews ¢t al (1972) have reported that 30% starch in
the dict gave better growth and spared protein in the diet in P. aztecus. Sick and
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FIG, 2. Relationship ‘between growth. protein-carbohydrate ratio and carbohydrate- calorie

ratio

Andrews (1973) found that 40% corn starch in the cascin-based diets pro-
duced faster growth in P. duorarum. The results obtained in the present study
on P. indicus arc in agreement with these findings.

I'he performance of the diet can be improved by reducing the protein
carbohydrate ratio. As indicated in the present study (Fig. 2 curves C and D).
it can be less than unitv. That is, the carbohydrate level in the diet can be as
much as that of the protein or even more. The growth of prawns also gradually
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increased with the imcrease in carbohydrate calorie ratio (Fig. 2 curves E and
F). These relationships indicate that by increasing the carbohydrate level (up 1o
407 ) in the dict. the protein can be spared and the calorific value of the dict
can be maintained and thus improve the overall performance of the diet.

The growth of prawns obtained with purified diets in the present study
(147.6% ) is low compared to the growth obtained in the laboratory experi-
ments in Pooindicus (413% to 690% ), with feeds compounded with natural
ingredients reported carlier by the author (Ahamad Ali 1980). Similar inferior
growth was reported in prawns with purified diets prepared using casein, amino
acid, mixtures and peptides by. Kanazawa, et al (1970). Sick et al (1972) and
Deshimaru and Kuroki (1974 ¢, 1975 a and b).

The use of cellulose powder as a non-nutrient filler in purified diets
appears 1o affect the palatability of the diets for prawns in the present study.
The maximum levels of cellulose that can be used in the purified diets without
affecting the palatability needs further investigation.
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COMPOUNDED FEEDS FOR POSTLARVAL REARING
OF MARINE PRAWNS

SYED AHAMAD ALI AND M. G. SIVADAS
Narakkal Prawn Cultute Laboratory of CMFRI, Cochin-682 505

Availability of appropriate feed has
been the main constraint for rearing
the various stages of prawn larvae.
This is largely overcome by the use
of live feed cultures But the main-
tenance of these live feed cultures
require specialised technical inputs,
labour and time. Compounded feeds
have been tried for rearing prawn larvae
with varied success in different countries
of the world  Attempts are being made
to develop compounded feeds for
rearing different stages of prawn at the
NPCL. One of the successful feeds

developed for the post-larval rearing
has been described here.

Several feeds were prepared and
pelletized with protein contents ranging
from 30 to 60%, using clam meat,
groundnut oil cake, fish meal, mantis
shrimp (squilla). trash fish, yeast and
cassava (tapioca). The feeds were
prepared by mixing dry" powdered
ingredients with 50% water and steaming
for 15 minutes. The homogenised wet
dough was extruded in 1 mm diameter
pellets and dried in oven at 70 + 2°C
for 12 hours. The dry pellets are stored
in polythene bags. By keeping the

moisture content below 10%, the feeds
could be stored for a period of six
months.

Using these feeds several experi-
ments were conducted in which over
1.50.000 postlarvae of Penaeus indicus
were stocked and reared in 24" dia.
pools. Among the feeds tested, the
feed PLF - 3 consisting of mantis shrimp
209, prawn waste 209, groundnut
oil cake 30%;. fish meal 10% and cassava
20% with a protein content of 36 8%
gave the best performance in terms
of growth and survival The postlarvae
were reared using this feed from PL,
to PLy, with a survival rate of 90.3%
and the larvae had grown from an initial
average length of 6 0 mm to a final
average length of 18.0 mm. Feeding
was done at the rate of 100% of the
body weight for the first two days
and it was gradually brought down to
10% of the body weight finally. The
cost of preparation of the feed was
approximately Rs. 2/- per kilogram. The
details of the experiments conducted
and the results obtained using “this feed
are illustrated in the posters. O
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PRELIMINARY OBSERVATIONS ON THE DISTRIBUTION AND ABUNDANCE OF
THE SWARMING CRAB CHARYBDIS (GONIOHELLENUS) SMITHII MACLEAY IN
THE DEEP SCATTERING LAYERS ALONG THE WEST COAST OF INDIA

C.P. BALASUBRAMANIAN AND C. SUSEELAN
Central Marine Fisheries Research Institute, Cochin-682 031

ABSTRACT

Results of a preliminary study of the distribution and abundance of the swarming crab Charybdis (Goniohellenwus) smithii
Macleay in the Deep Scattering Layers on the west coast of India are presented based on the analysis of 244 IKMT samples
collected by FORV Sagar Sampada during February, 1985 to January, 1986. The swarming crab is found to exist thoughout
the west coast of India as against its known distributional limit in the north upto Bhatkal in Karnataka coast. Maximum
densily was observed along the southwest coast. The DSL population included all life stages of the crab such as zoca,
megalopa, juvenile, subadult and adult, of which juveniles in the size range 12-20 mm carapace width dominated.

INTRODUCTION

The swarming crab Charybdis (Goniohellenus)
smithii Macleay is an endemic specices to the Indian
Ocean where it has been reported from the Arabian
Sca and off Southcast Africa as Charybdis smithii
Macleay and Charybdis (G.) edwardsi Leene and
Buitendijk  (Della Croce and Holthuis, 1965;
Sankarankutty and Rangarajan, 1962; Silas, 1969;
Mohamed and Suscclan, 1973). Recently it has also
been encountered in the Bay of Bengal during the
fishery-occanogrpahic cruises of FORV Sagar Sam-
pada. The correct systematic position of the species
was ascertained only recently in an exhaustive revi-
sion of the portunid crabs by Stephenson (1972).

In Indian waters Charybdis (G.) smithii is con-
sidered to be a potentially important decp sca crab
occupying the outer shelf and upper continental
slope regions. It is often found swimming in large
numbers in the occanic waters. Considering the
commercial prospects of this species, a detailed in-
vestigation on its biology and resource characteris-
tics has been taken up recently based on the collec-
tions of FORV Sagar Sampada. In the present paper
the results of a preliminary study of the distribution
and abundance of this crab in the Deep Scatlering
Layers (DSL) off the west coast of India are given
together with notes on the biology of the crab popu-
lation occurring in the DSL. So far no study has been
carried out on these aspects in any part of the world
in general and in the Indian EEZ in particular,

MATERIAL AND METHODS

The material for the study was obtained from
the [saacs-Kidd Midwater Trawl (IKMT) collections
taken by FORV Sagar Sampada during her fishery-
oceanographic cruises from February, 1985 to Janu-
ary, 1986. The IKMT collections were taken in the
Deep Scattering Layers which occupied depths upto
about 600 meters from the surface. Each haul was of
30 minutes duration. A total of 244 IKMT samples
were analysed for the crabs covering the entire west
costof India between Latitudes 07°00'N and 23°30'N
and Longitudes 64°30°E and 77°00'E. The distribu-
tion of IKMT hauls in the study area is shown in
Fig.1.

The crab population of each sample was com-
pletely sorted outand measurements of the carapace
width (C.W.) were recorded sexwise to the nearest
millimetre for all specimens except larval stages
whose numerical abundance alone was recorded. A
total of 1,542 specimens were measured comprising
of both sexes. The measurements of carapace were
grouped into 2 mm size classes sexwise for studying
the size frequency distribution. Sexes were scpa-
rated based on the shape of abdomen and the num-
ber of pleopods present init.

OBSERVATIONS

Spatial distribution and abundance

Out of the 244 samples of midwater collection
analysed from the entire west coast of India, 59
samples contained the swarming crab in varying
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