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Abstract

The feeding partems with respect o quality and guandy of food of silver barl, Sarbader
gowinnos varied with their size and development. The resules indicaved that the fish in
the size group [ (7-29 mm TL) were faiely ompivors with particular liking for rotifers,
green and blue-green algae while the size group 1 (25144 mun TL) and 11 [44.1-35 mm
TL} were omnivare with higher tendency of leeding on debris, aguatic plants, gresn
algze, Blue-green algae and rotifers. However, the fish of the size groap IV (53.1-80 mm
TL) were found 0 be berhivare with feeding prefercoce for aguetic plams, green and
Hluc-green algae. In all the bze groups, debeis was the most dominan: food iem. Feeding
preference of the fish showed clear onvogeneric shift. The electvity indices revealed that
the fish we e selecizve beeder,

Few words: Food, Feading, Electivity index, Herbodes ponaaeorus

Introdwction

There exists enormous aguaculmre potential of stlver barb, B gomonores a5 an
appropriate species for the seasonal as well s perennial fish ponds. It was introduce o
Bangladesh from Thailand in 1977 and by now it has become 3 popular fish in our
country (FRI 1992). But the performance of this species in our closed water condition
have not yer been evaluated. The mest imponant aspects of biology of any fish is the
study of its food and feeding habits which is a prerequisite for its culture operation. A
knowledge of food and feeding habin would thus help in the species selection for
pelyculture by ensuning maximum survival through wrilizatien of all available porential
frod in the warer bodies with minimum competition.

Digtary overlap is affected by food availobility, competition, and the sige of the fish,
emong other factors, Though fish may broaden their dietary breadth when food rewurces
Bre scarce, food items may remain sufficiently pactitioned for competition o be avoided
(Eeast 1977, Keast and Fox 19900 Intrspecific niche overlap decreases with ontogenetic
shifts in diet, i.e, differences in habitat utilization by young and adults and increasing
disparity in size (Pen o gl 1993, Esteves and Galetr 19955 The present experiment was
cartied out o koow the feeding hebit and the variations in quality and quantity of food
taken by differcnt sizes of B, genionois.
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Materials and methods

The B. gomonone for the present study was collecred from April o June 96 by a
small seine net from a Faiafed arficial poad. Samplings were done forrighcy an 900 o
Liniek am and a total of 80 fsh messuring 7-80 mim in total leagth (TL) were collected.
Immediarely after collection, the fish were killed by suffocarion and presesved in 10%
buffered formalin o prevent further digestion of food and broughr 1o the laboratory and
diszecred out the gur and put on 3 labeled vial for further soudies. For the snudy, the tonal
length of fish in millimeter were messured and grouped into four groups scoerding o
their dize. All Gshes were divided inte four siee groups and was desgnated as - group 1
(7-2% mm TL}, voung; group 11 {25,144 mm TL), juvenile; group 11 (44.1-35 mm TL},
pre-adult and group IV {55.1-80 mm TL}, adult.

Crur content analysis

The stomsch of individual fish was dissected out immedizcely after sampling and the
index of fullness of the stomach wes visually recorded irrespective of the size of the
stomach or the fish and assigned a score of; § for empry, 1.0 for soe-fourth, 2.0 for half,
30 for three-fourth and 4.0 for full. Then the volume of stomach contents was alss
pssessed visually onoan obsolete scale and points were allormed 1o each stemach sccording
to the volume of its contents (Hynes 1930% The stomach with largest volume was
allotted 100 poines, and each of the stomach 35 examined was then pared in one of the
following point caregories @, 3, 6, 12, 25, 50 and 100 poines according to velume of the
food present. The categories were based on inspection and escimarion, bur a ser of
stomachs of all categories were made from extra stornach and wos wsed in relating
absolute volumes to assign point values, Stomach with intermediste quantities of food
were alletred o the point categones which ther closely approach. Then it was diluged
with diztilled water to 4 ml. One ml sub-sample from 4 ml sample was cransferred by a
piperte to o Sedpwick-Rafter cell, By using a binocular microscope (Swift, M~4000D], all
orEanisms were counted and each food item was identified o the neasesr rasopomic
group. Orgonisms of each taxonomic gE-:lup were then summed together and point were
assigned o the different categories of food according o thelr respective volume
partitioning the twotal points aliotted to the fish. Bellinger (19927, Rosalind (1978} and
Meedham und Needham (1962} were consulted for identification of the different foodd
e,

Plankton collection, preservation and ensmeration

Water samples were also taken from different areas and depth of the pond to make
representative sample of the sampling days and fGltered throogh 8 fine mesh sealed
plankton net. Filtered sample was taken into a plastic bowtle and preserved in 3%
formalin for further studies, By using a Sedgwick-Rafrer cell and 2 binccular microscope,
1 ml sub-sample was examined for cach sample and identification of different food items
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Ferding patrerns and eloctiviny indices of B gomionotur

were done according o Bellinger (19923, Rosalind (1978) and Needbam and MNeedham
(L6,
Electivity index (E) was calculared by Ivlev's (1961) classical electivity index {E):
Emp,-Poi,+Fy
where, 1, is the relative content of any food ingredient in the ration expressed as
perceatage of total ratin, and P, is the relative propertion of the same iwem in the
environment. The calculated value of E ranged from +1 1o -1, where positive values
indicate selection and negative values indicare avoidance for certuin food jrems.

Results and discussion

Relationship of size and patterns of feeding bused on average index of fullmess and
aterage poinis per fiak

The values of average index of fullness (Table 1) showed little varjations in different
size proups. Yet comparatively higher value of average index of fullness were recorded in
the size group IV, II1 and I with maximuem value (3.9} in the size group IV, The lowest
value (2.8) of average index of fullness was recorded in the size group I and this value was
closely followed by the value of 3.1 recorded in the size group 11. The resuls clearly
indicated thar the fish of the larger size groups fed more actively than the smaller ones.

Tahle 1, Reladonship of fish size and patems of foeding of B gondonotus
hised on aversge index of (ullness and average prints per fish

Irems Group I Giroup 11 Cipoup [01 Group IV
[T mm | 5. I-44 . | {44 155 mim) 1535 1R mm |
Numiber of fish ecamined (n) is 15 15 2
Average lengih in mim 164 Wi 474 ars
Average index of fullness 1% 11 L) i8
Mumberaf 1ol petni 42 415 500 LT
Average poinis per fish 17 Iz Fas 4

Tatal Iength wnodndm b pamenies

The values of average points per fish showed clear varations with the increase in
size of fish (Table 1]. The highest valoe (40) of average points per fish was recorded in
the size group |V and the lowest value (17) of the same was recorded in the size group I.
Values of aversige points per fish were found ro decresse with the decrease in size of fish,
From the values of svernge points per Gsh, it can be concluded thar the amount of food
in stomachs increased with the increase in size of fish. This might be due to larger size of
stomachs a% the fish increased in size. Dewan o al, (1977) observed similar size related
feeding patrern in Labeo rafors,
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Relationship af size and pasterns of feeding based on food categories

Size group I: The fish of this size group fed mostly on rifers, green and blue-green
algae, debris, bacillariophyceas und enplencphycese. In this size group, by percentage of
accurrence rorifera (100P%], green algne (86.66%), blue-green algae (80%), debris (66.66%,
bacillariophyceae (66.66%) and englenophyveese [60%) were the most dominant food
irems in this size group (Fig. 1). These were followed by higher aquatic plant (33.33%),
cladocera (33.13%) and copepoda (26.66%). By percentage of total points, green algae
L24.71%), rotifera (200.78%) and blue-green alpae (17.25%) were found to be the most
deminant food items and were followed by bacillariophyes (10.50%), debris ( 10.00%) and
higher aguatic plants (4.39%). Next o higher aquatic plants were cladocera {$.00%),
euglenophyceae (3,44%), copepoda (1.02%) and others (included dried grass leaves, stem
of plants, seeds and unidentified hardy mass, these food items secmed 1o be of incidental
comprising of anly, 1% (Fig. 23,

o T —T T T )

|
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Fag. 1. Size related parterns of feeding bassd on percentage of accucrence with pespect i food
cileguaies (A= Green alge, BG= Blue-green alpae, DE= Debeis, C0= Copepods, CL=
Cladocera, RO= Rotifers, EU= Euglenophyceae, HF= Higher squatic plantk and OT'= Others).

[T |
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Fig. 2. Size related pamerns of teeding based on percentage of toral poivs with cespect o food
cieEmis (DA= Green algae, BG= Bloe-green aljme, DE= Debels, O0= Copepods, CL=
Cladocers, RO~ Rotifera, EU= Euglenophycene, HF= Higher aquatic plants and OT= Others),
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From the thove ohservation, it can be concluded thar the fish of this size group fed
almost equally on both plant and animal foods and can be considered as fairly omnivore.
However, higher aquatlc plang was taken by the fish of this size group in @ small amount.
This was probably due to the fact thar the fish of this size group were oo small 1o eat
higher sguatic plant, Kamal (19717 observed that rotifers, cladocera, copepoda and
insects larvae were the food items of roho (L. rokia) fTv.

Xize group I: In this group dehris was the most dominant and preferred food item
both by the percentage of occurrence and percentage of total points {Figs, 1 and 2), By
percentage of occurrence, debris (86.66%), green algae (86.66%) and blue-green algae
(BR.66% were the deminant food irems. They were followed by bacillariophveeae (805,
euglenophycese (F66%) and higher sguatic plant (66.66%) Next o higher aquatic
plants, rotifern ($3.33%), cladocera (40%), copepoda (26.66%) and others were found w
eeonpy The sSuccessive positions.

Bv percentage of total poins, debris (22%) was followed by blue-green (205 1%) and
preen algae (19.73%) Rorifera (10.44%), higher aguatc plants (107, bacillariophyceae
(9,70%) and cladocera (6.04%:) were found 1o occupy the successive positions after the
green algae, These were followed by euglenophycese and copepods. From the above
ohservation it may be concluded thar debris, blue-green and green algae, higher agquatic
plants and rotifera were the most preferred food of this size group. This indicaved that
the fish of this size group were though omnlvore ver started w show feeding preferences
for plant foods,

Size growp H: This group showed a similar feeding partern as thar of the size group
11, debris and plant food were the most dominant and preferred food items. Whereas,
gnimal foods were taken in a small amount by thes group. By percentage of occurrence;
grecno algme ¢ 100%), blue-green alpae (100%) and debrs (93,353%) were the mast dominant
food irems while by percentage of toial points, debrs (21.42%), higher aguatic plants
(19%43, preen algze (13.23%) and blue-green alpae (17.46%) were the most dominant food
items. However, respectively by percentage of oocurrence and percentage of total poits
bacillariophyceae {804, 2%, rotifera (33.33%, 532%) cladscera {33.33%, Z02%) and
euglenophyeeas (Be66%, 5%) were impartant food ivems (Figs. | and 23 Copepoda was
takeen by this fish incidentally.

A remarkable incregee in the proportion of plan foods and decrezse in the presence
of antimal foods in the stomach contents of this size group indicared that the fish of this
size group  are showing an ontogenetic dierary shift. Kumar er of. (1986) noted that
Puneies flamentorey and P emplibis were omaivere with preferences for filamentous
algae and higher squatic plants,

Size growp I'V: This group also showed a similar feeding partern as that of the size
group I11, and were found to be feeding mastly on higher aguanic plans, debris, green
and blue-green algae, By percentage of occurrence, higher aquatic planrs (100%), debris
(1007 and green algae (100%%) sccupied the highest position which were [ollowed by
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Blue-green algae (93.33%) Mext to blue-green algae were bacillamophyoeas. (66.66%),
euglenoplveeae (46,66%) and votifera (20040, Mext to these food groups, copepoda
(13.33%), cladocera (13.33%) and orthers {13.33%) occupied the same position in respect
o percentage of occorrence (Fig. 1. However, amongst all food items, higher aguaric
plants (32.47%) and  debris {22.98%) were the most dominant food by percentage of total
points (Fig. 2). Next to debris were green algae (13.77%), blue-green algae [12.37%),
bacillariophyceae (6.33%) rotifers (2.95%) cuglenophyceae (2.47%), cladocera (1.40%),
others {1.03%) and copepoda (0.90%), Tt appeared that englenophyceae among the plant
foods and copepoda among the animal foods weere by far the less important food groups.

In this size group proportien of higher aguatic plants was found w increase o a
considerable extent, both by the percentage of ocourrence and percentage of total points
than the other size groups, From the above findings it can be concluded thar the fish of
this size group were herbivere with likings for higher aquatic plants, green and blue-
green olgee, Javid (19710 mecorded that 7, sophore was herbivore feeding mostly on algae
(chlorophycese, bacillariophycese ond xanthophyceas).

Although, the fish were found to be amnaivore in most of the size groups vet the
proportion of plant foods end debris were found 1o increase significantly in the stomach
contents of the size groups I1 and I11. Plant foods were found o be most preferred by the
size group IV, This might be due to the change of food and feeding habirs of fish wich i
increasing size. However, in all the size groups, debris was the most importang food frem
of this fish, Rotiferas and cladecera were found to be imporant food items in smaller size
groups and less important food items in larger size groups. The amount of different food
items, except higher aquatic plant was found o increase with the increase in size of the
fish. This might be assoctared with increased size of the stomach as the fish increased in
size. Whereas, the proporticn of animal foods decreased with the increase in size of the
fish. This fish showed less feeding performance for animal foods as it increased in size,
The small size group of B, peademeesy had a wider dietary breadrh than the large
individuals, Large fsh increased their specialization on cemain food iems {on aquatic
macrophyres) and narvowed down their niche width winls increasing size and compertitive
ability | Haroon and Pliman 1997, 1998 and 2000

Elecrrvty indices

Electivity indices of different size groups of fish are shown in Table 2, The present
investigation showed that B gewdomones appeared (o be a selective feeder, For all
planktonic crustaceans (copepoda, cladocera), naupli and Daphria were positively
selected which decrease with the increment of fish sizes, In case of Cyolops, Drapiemes,
Diaphanasera, negative selection was observed in the smallest size group. Although in
the later size groups those had been positively selected, except fRaphaneroma in size
group IV which was negatively sclected.
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Feeding paieme and clectivity indices of B, poniomaras

Tablbe 2. Electivity indices {E] of four size groups of Borbedds goreinmams

Flankoom Electivity indices of four size yraups
Sz group 1 Size group 11 Size group [11 Siae group IV
7 - 25 mm) (25.0 -#mm) {441 - 55 mm) {551 - 80 mm)

Gireen algae
Ankisrrodadmi 052 0.5 D70 +0.20
Drwecorcid i 011 -4).51] -[LED
Cohlorelin <0451 1.0 + 1.0 + .00
Cracipamio - - +1L.20 +0L.50
Cromarnmypan 50 -0.40 +IE20 +0L.K1
Cleogyens .50 #0,18 44140 +0.53
Chacysris = < z + 050
Pediasrum . <50 +{.19 +A
Scemedesmug - ' - ~h47
Sprogura - - . At
Torraedran - .50 0.21 +0.2
Clarkrix 4133 +010 +01,59 +151
Pz - . . -.1]
Blue-green algas
Auabapan . - . +(.4]
Aphanmwapa . - - +0,79
Chrococeur : -0,50 043 +i{.57
Mierocynie -0,33 SN +0.19 +0.2%
Merimopedi - - - -
_Oillamria - 0,03 + 0,007 +1{.33 = [ 440
Basillariophyceae
Fragalana - . w434 +I67
Nazirule {0t +0L57 +1.00 + 1.0
Euglenopliyeeae
Fuglma - - [L50 064
Phacus . 3 . i, 3]
Copepoda
Clvelops -IL R +0.20 +{h43 +(ra]
Dapeoma 42 =.12 +{1,23 il
Maupl + 1.iHE 1,84 +i.46 L, LR
Cladscera
Diaphmia +04l +0,56 -+, 4 + 1
Diigphanosumus L7 6 +0.52 43 “[12]
Ratifera
Brarefaomns +{.14 K50 -7 - 1.
Filfuta - k43 -39 414
Keraraily k41 +I.20 -07 0 -.58
Leciong =464 1441 -l 21k «0.39
Pobyerrhra - ' -1

Trichocare 0,17 -,29 A, 44 078
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Among the rovifers, Lecans, Filinig and Trchorera were avoided and Polvertoa was
completely avoided. Brockionis, Keratells were posizively selecied in smaller size growps,
although with the increment of fish size they were avoided. Among the green algae, all
groaps selected Chlorells and an increasing pesitive selection was observed for
Ankdierodusmmig, Caomatasypon, Celeocusen, Oooens, Pediestrum and Doz by the larger size
groatns. I this planktonic gronp some genera were eluded by the smaller size groups but
they were posirively selected by the Larger sizes, Spogune, Seenadessniz and Felvax were
avoided by all sizes, Among the blue-greens Oscillaroria was positively selected by all size
groaps. Araheeng, Aproedpes, Cheococeus, Micnesns were avaided by the smaller size
groaps. Bur they were posltively selected by the Larger sizes. All sizes exhibited positive
selection oo MWaticula, Among the euglenophycee, Phaces was selecied only by at the size
group IV while Enplsna  was avoided by all proups. Fish thus exhibited 2 ontogenic
dietary shift in planktivory with the iocrease in their sizes from gooplankion to
phytoplankion. Haroon and Pitoman (1997 repormed thar large sibver barh consumed
macrophytes as well as microcystis, anabaena, spivogyra and cladocera and crustaceans
{in the pond) or mollusks (in the rice field). Owerall elecsiviry was negative for
microalgae. Zooplankion were avodded by large fish In the rice field. They also reported
that improved fish vields may be achieved by stocking small P. gomiororus where
available feed resources include important amounts of zooplankton, and by allowing
aquaric macrophytes and weeds to grow in the rice fisld or pond after stocking, such that
the growing fish cam feed increasingly on these

In the present study & gonioncius showed pronounced elctivides for different food
items and  eletivity vared with the fish sizes. Selective feeding is expecied when the
energy gained by feeding on preferred food items exceeds the energy that has been lost
during selection (Al-Akel or af. 1987), Wankowsky {1979) and Bartell {1982 reported that
fishes expend more energy in selection of larper prey in order to gain more energy. In the
present investigation & gomioncius during early stage preferentiaily selected zooplankion
(Table 2} to earn maximum energy to fulfill routine metabolic requirements and growrh.
The energy content of aquatic algae is very poor and carps cannol obtain sufficient
energy to grow when only phytoplankion &5 available as food  item, hecause
phytoplankion are reported o be poorly digested and conversion efficienctes are low
(Humada er al. 1983, Birterlich 1985,

A gradual incressing selection for phyioplankion and & decreasing selection for
rooplankion with increment of fsh size indicated chonges in food habit towards
kerbivory. Cremer and Smitherman {19800 reported that fishes feeding on plant matersal
genetally have greater gut lenpths than those feeding on animal matter. Table 3 confirms
an increase o ogut length relative o its standard length among the B pondororis
supporting the obhservation that this species becomes incressingly herbivorous with the
increase in s,
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Table 3. Relatormaldp berwoen standasd length and gun lengeh of foar diffesent siee groups of B gouosans

[ifferent size groups Average standarcl Average gut length Gout lemgth: Srandard

lengrh { mim) { mn) bengmin
T-2mmTL,I 6.4 4106} 125
25.1 < 4 mm TL, T £l E5.GH 1:258
441 - 55 mm TL, 111 47.6 L35.66 1128
551 -8l mm TL, IV B1E L8].23 1128
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Abstract

A rice-fish culure experiment with four ieeiments ws., T, with Awibispharyrgodon rala
alone, T, with A, wols and Harbodes gomioreoner, T, with A, moly and Cypring cerpiv and T,
as control fwithout fsh] was carcied oot in the rice fields during Aprl thooogh
Aupust®y. The recovery rate of A mole were 42%, 37% and 42% in treatments 1, Zand 3
respectively and the same recorded for B, genionorsy and O carpio were 82% and 30%
respectively. Among the three species of fish, 1 gowloraier showed much higher recovery
rare than both of 4. mals and . carpéa. The producion af 4. mode was 250 kg'ha'3
monihs in monoculure, and 792 kpha'd moenths and 886 ke'ha’d months in
combinaton with B ponéensrws and & corpae, respectvely. The producdon of 8,
porionods in Ty was 169.2% kg'haB mooths and C. cagie in T, was 25191 kphe'3
menths. The wotal Gsh production was 12,50 kg'ha3 mooths, 173,21 kgha3 months and
261.8% kpha monaths in T, T, and T, respectively, The highest vields of rice grain
(5.78 ton/ha) and sceaw (7,83 1onha) were recorded in T, and the lowest aof the same was
in T, (grain 496 vow'he and straw 6,62 wonhal Rice vield incoeased by about 1210 b
T, 13308 in T, and 16.33% in T, in conwext w T, rice-alone colture.  The resulis
demonsiraced that the culoure of fish in rice fields had profound beneficial impact on the
production of rice grain and straw.

Eey wards: Fice-fish calwre, A. mals, B, poasesorue, O carpie

Introduction

Vitamin-A deficiency is one of the major causes of wide spread child blindness in
Bangladesh., Sixteen small indigenous species (5150 of fish are prescribed for small-scale
culure {Felts er ol 1996) in mural areas. Among these A. mole 15 of special interest 1o fsh
cultucists because of its hirh vitamin-A snd other micronutrent content A, ol
contains 200 [U of vitamin-A per gram of edible protein (Zafm and Ahmed 1951 A
medivm sized A mola fish has sbour 2.0 g of edible protein in its body, which contains
about 520 IU of vitamin-A. This means that intake of onlv three A, mods daily would
contribute o more than 1,500 [U of vitamin-A, which is sufficient 1o save o child from
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blindness (BSE 19880 On the other hand, Bangladesh possess more than 2.83 million ha
of seasonal paddy fields where water stands for 4-6 months, providing grear scope for
rice-fish culture. Fish harvested from these areas is around 37 kgha (MPO 1985). Fish
culture in rice fields can provide adequate means of income and food for the pural
people, since the production of staple grain and a high quality valuable protein can be
gecomplished from one system on the same piace of land (Alhmad 1956, Harcon and
Alzm 1992},

The potential biclogical advantapes which A. mols offer is their rapid growth, several
spawning in the same season and possibility o culoare in the shallow stagnant water like
rice fizlds. The present study has thus been undercaken o determine the suitability of 4.
malg culture in rice field both zlone and in combination with B, goniosctas and O, carpio.

Materizls and methods

The experiment was conducted in the Apronemy Field Laboratorv, Bangladesh
Agriculoral  University, Mymensingh during April through August'®9. Twelve
experimental plots were mndomly selected from 0,20 hectares area. Rain and deep mbe-
well were the sources of water supply 1o the experimental plots during the smdy periad.
A 050 meter wide embankment surrounded the experimental area and protecred the
plots from flooding, A 4 m® ditch was constructed in the middle and having a deprh of
abour 70 cm, The plots were well ploughed, leveled and made weed free. The seedlings of
rice variety BR-2 (Mala) of 45 days old were transplanted on 17th May™9 in alternative
row spacing of 35 ¢cm £ 15 em. The plant to plant disiance was 20 cow. The alternarive
raw spacing provided ¢énough space for easy movement of fishes, All the rice plots were
idenrically fertilized with urea, T.5.F,, MP and pypsum at the conventional rates,

After 15 days of transplanting, only 4. mols were stocked in the T, at the mate of
20,000 fry'ha, A. mole plus B, gemionorus and A, molz plus C, carpie were stocked in the
treatments T, and T, at the rate of 14,000 fry'ha plus 3,730 frv/ha, respectively, During
the period of fish culture, water level varied berween 15-30 cm. No pesticide was applied
15 the crop field and no supplementary feed was used for fsh.

(o maturity, rice was harvested on 30 Augusr'?9. The grain and strow were cdleaned,
sun doed to 14% moisture content and weighred plot-wise and then converted to ton'hae
The fish was harvested after rice harvesting, Le. 88 days after stocking fish frv. Number,
length and weight of individual fish was counted plot-wise. All the data were analvzed
statistically using Analysis of Varance (ANOVA) and the mean values were compared
using Duncun's Multiple Range Test (Gomez and Gomez 1984),
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Results and discussion
Girowth and recovery rate of fish

Dwring the experimental peried the growth rute of A mods by net (1,13 cm and 672
£, percentape (27.90% and 26.05%) and SGRE (0.70% dov) were higher in combimation
with . corpio among the 3 trestments (Table 1} Between the resy of the vwo species of
fish, B powionstus showed higher net incresse (11.33 cm) and percentage of increase
(197.85%) in length, on the contrary, €. corper showed higher net increase (114.48 g},
percentage of incresse (1358.04%) and SGR (3.04% dav) in weight might be associated
with their body shape, Growth rae and specific growth race of 3 speciss in Jength and weight
are shown in Tables 2-4, The growth rate of B pororstus recorded by Hossain (1989} was
15.3 cm in length and 77.70 g io weight in his moe fish culmre, Wheteas,
Akhteruzzaman ot al, (1%93) reported the growth rate for B, gonsmnones and O carpro were
38 g and 63 g respectively in rice fish culore. The difference between the growth rates of
both the species recorded in the present sudy and the growth pare recorded by them
might be due 1o stocking sive, stocking density and period of colmre.

The recovery rate of fsh was determined from the recovery dots at the end of the
experiment, The recovery rate for B, pouonosyr was slmost close to the recovery rate
(63% and 68%) recorded by Rohman or ol (1995 and Akhterurzaman o of, (1993)
respectively in their experiments, The recovery rate recorded for C. carpio in the present
study 15 the conformity with the same (53%) recorded by Akhterurzaman & al. (1993,

Production of fich

Im wentment T, by stocking 090 ke of 4. mels; only 0.6 kg of A, mely was produced
and loss of about 0.3 kg In treatment T, stocking 0,59 kg, produced only 0.38 kg of A.
molg, While 803 kg of B, pomionong was produced by stocking only 0.97 kg and in
teeatment T, 43 kg of 4. mele was produced by stocking 0.55 kg while 12,14 kg of C.
carpio was produced by swecking 1.54 kg fivv.

It was observed that production of 4, mele was very low compared to the preduction,
1,750 kp'ha'vear and 3857 kg'ha'd month recorded by Ameen ef ol (1984) and Islam
(1997, respectively. At the end of the experiment when all the fishes were harvested
most of the A, moels were small and they could easily hide in the rice field clay. Sa, they
were not easily harvestable, But the adult A. mele could be harvested easily.

The production of B, gemonotis in rice field recorded by Khan o ol (1997 was
229.21 kg/ha, which was much higher than that of the present study (169,29 kg/ha). This
might be atcributed o stocking size and recovery rate. The preduction of B, gemionafies
obtained by MCC (1994 and Akhteruzzaman er al. (1993} was similar to the production
recorded in the present study. Ehan of 2l {1997) obtained a production of 233.4% kg'ha
of L carfae in elee fish culture, which is quite close o the production recorded in the
present study. 5o production of Bl gessenoris and ©. carpes is acceprable in rice fsh
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culture and thers was no negative impact was found on growth and production of B.
pormaomotur wnd C. cerpio due to introduction of A. mols in rice fields. Kohinoor & al.
{1998) found that 4. mole exerted a negative impact on geowth and producrion of carps

in polyculiure system.

Table 2. Growth rae and specific growth rare of B gowieans by avesage o lenpth aind weght

Parsmeters Treammenr  Replicedon Enitial " Fimal et incrense Wincreate  S0R
(% duy)
Lungzh Ty R, GE i73 plak) BT
femp B, 55 7o 118 Il
[ il | b 115 154
Men = 55 153 iT.03 11.32 19755
=05 =134 =033 = N1bS
Welghr T: Ry .2 K GRS 110967 B3
igl B, 49 2 &7 113938 2R3
B, 50 1 63 [E600.00 97
Mean £ 5E 8 1) T1.65 Hhd fddi3s 187
=(l.42 =203 =] 72 + T I (ki

Tahle 3. Geesuth tate and specific groweh rate of O carpea by sverage in lenpth and weight

Parameters Treatrmeat Feplicacion Inrizad Final Neincrease ' IGCTeRRE SR
o [Wday)
Length T K 55 22 12.5 I3L58
{cm} R B2 1B oE 11951
K, 8.5 1& e T
Men = 5E .73 19,33 1dLa FRI L
— =03% =133 o | 5 ] =577
Weight Ty R; |2 132 122% 123,92 ] |
g B 1.3 14 1136 1523.41 i
R, B2 116 107.%= 1 345,38 A
Mean = 5 F §.54 12267 11446 [358.04 Ak
=LAS =44 +4.38 +91.33 =7
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Table 4. Crrowsh mate and specific groweh race of 4. mala by average in lengih and weight

Paramerers  Trear  Feplicaon  [nanal Fimal Ml inerease  Woincrease  SGR
ment (% day)
Lengh T R, LA 0 04 &7
fem) . i 83 .3 [
R 4.7 54 7 I4.%
Mean = 5 E 4TI LS ERTN I 05012 EE P
Weight T, R 04 1A% .55 58.51 32
4] E, sz 14T .55 50,78 053
E, 096 153 .57 54,48 1154
Mean = 5B D54x00] 150001 Q36001 39 32e0FE WEI=00003
Length T, E, 41 12 LI 1582
[ E; 4.1 §.4 1.x 206
B, 4.6 54 (AF 13,04
Meoan = 5E 4.324K15 130007 (LI 14 12815490
Weight Ty B, 45 151 AN 0,00 L5h
i E; A7 1.62 [ B BA.20 &7l
E, .97 149 (42 LER .49
Mean £ 5 05004 155003 QA5 2006 7320905 50008
Length T; B, A0 5l Il 7.5
lemy k, 4,1 51 Il 26,19
By a1 i I3 300
Mean = 5E 403001 5. 3=0403 L13=003% oY B e
Weighe T, i, (K] 1.4 (11 BL7Z A7
(gl [ 0,85 (] k71 E3 LR pL R
E, .52 133 77 PR .75
Mean = 5E [LE3=00] (LT RN R EI2=002 BLOE =AMl QT2

Prodiicrion of rice grain and stramy

Among the four trestments, the highest production of rce greain and straw were
recorded in T, where 4. mole was cultured with C. carpic, which is closely followed by
the production in T, and T\, The preduction of prain ranged from 4.96 16 5.77 watha.
Ehan er af, (1997) found that the production range of rice grain in rce fish plots was 6.03
to 6.16 ton/ba. In the present study, production of fice grain and steaw obrained in the
treatmenis with fish and without fish were found to differ significantly (P=<0.013, On the
basis of producrtion of rice grain, oo statistical significant difference (P=0.01} wis found
among the three trentments with fish. The production of grain obrained by Gupta and
Mazid {1993) and Kohinoor e gl (1993} in their experiments on rice fish cultere was
almost similar to the production of grain cbrained in the present study. Coche {19687)
reported thaot the vield of grain and straw was increased by the introduction of fish into
the rice felds, because they ste up harmful organisms such as insects and insect larvee
and they also graved on the weeds In rice Brming lone, weed cun reduce vield upto
30%, Akhternzzaman et of, (19931, Kamp and Gregory (1993) and Mazid & of. {1993) also
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seated that imtroducrion of fish in the rice fields reduced the intestation of insects and
weeds by feeding upon them and thereby improves the vield of rice.

The results of the study indicate that colvure of 4. miola in rice field alone gives a low
production having positive impact on production of B, gesderone: and C. cargie in mixed
culiure system a3 well as o rice grain and stramw yield.

Table 5 The production of nee graim and straw in different regtinents

Treatment  Fish species Production of rice (tondha) % Increased over conirol

Larain Straw Crratn Straw
T, A mala 3.56° 7Ar 12.10 1027
T, A mala 5.62" ) 13,30 14,93
B ponionongs
T, A mala 578" FRES 16.33 18.28
. carpio
Ty Withour fish 4,96 G627

Srmnikar superseripe denstes ne signiticas difference {F=H01)
Drismimilar superscripe denoces significant difference [Pl
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Culture potentials of mola (Amblypharyngodon mola), chela
(Chela cachius) and punti (Puntius sophore) under
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Absiracl

To asgess the production powensials of small indigenoas fish species (SI5) in semi-
imtensive moncculiare sysiem, an experiment was carried out with Ameblyphanmgoden
mide, Ckale cochivg und Pumius sophore, Three weatments each with three replications
were tested with mola, chela and puns individvally and the stocking density of each
species was 100000 e, Organic fertlizer wes spplied m the ponds a the rae of 1,000
kg'ha at formightly and rice bran was supplemenied daily &t 3% of the wal fish biomass.
Partial harvesting was made &frer three months of stocking. Gross proedoction of
BS =520, 112024162 and 5094881 kgha, respectively for mola, chela and punti
over a period of six months were obizined The yicld of punt was found e vary
significantly (F< 0055 from that of mola and eliela,

Key wornds: 515, A maln, C aochiug, P soplor, Semi-inwensive culsare

Introduction

Small fishes play o vital role in the inland caprure fisheries of Bangladesh. In the
past, these indigenous fish species were abundantly available in rivers, streams, ponds,
beels, ditches and flopd plains of the country, But now a day, these species have
gradually been diszppearing from the systems which in twrn severely affecting the
bicdiversity of cur aguatic ecosystem. There are many small fsh in our countey such as
Puntisz spp., Gudusia spp., Amblypharyrgodon spp., Chanda spp., Ompok spp., Roluee cone,
Colizs spp., Corfca soboraa, Fsoms danricws etc. which are potential oo agquasuliure,

Culrure of small indigencus fish species needs special attention because these fish
provide us plenty of vitamin, iron, calcium, and minerals. Besides it is affordable 1o the
poor people due 1o its low market price compared to carps. Mutrition surveys conducted
in Bangladesh revealed chat there has been high prevalence of vitamin-A deficiency in
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rural populetion especially among the pre-school children. About 753% of the ruml
children in Bangladesh suffer from malnutrition and 25% of them below 5 years of age
die due te malnutrition (Ahmed and Hasssn 1983), Researches have shown that small
indigenous fish species have a high nutritional value in terms of both protein content
and the presence of micre-nuirients, viamins and minerals that are aot usually available
in lurge carps (Thilsted of af. 1997

T spire of grear importance of small indigenous fish species, few amempts have been
made 1o study their biological and cultural potential. Since 60s, UNICEF, Dhaka tried
to atteact the atrention of the pecple to culture the small fish in small water bodies (Alam
1979, Ameen et al. 1982, Preliminary atempt was made 1o culture small indigenous fish
mola, bata and kholisa in ponds (Akhreruzaman o @l 1997} and polyculture of carps
with mola and chapila in small ponds were also tried (Kehinoor e af. 1997, Hossain o al,
1998, The present study has been devised to assess the production potentials of three
important small fsh, mola, chela and punt in monoculture system.

Materials and methods
Pond prepararion

The study was cormied out for a period of six menths from May to October®98 in nine
ponds of Field Laboratory of the Faculty of Fisheries, Bangladesh Agriculural
University, Mymensingh. The ponds were with an ares of 100 m* each and an average
depth of about 1.5 m. Water of all the experimental ponds was drained osut und all fish
species and other ammals were removed in April. The pond bottoms were treated with
lime at the mte of 250 kg'ha. After & days of liming. the ponds were filled up with water
and fertilized with organic manure {cow dung} at the rare of 1,000 kg/ha. After five days
of ferilizer stocking of fish was done.

Fisk stocking and managoment

Three treatments each with three replicates were tested. Mols, punti and chela with
the avernge size of LE0=0.27, 2.50=1.80 and 155+0.1%, respectively were stocked
individually in trestments 1, 2 and 3 ar the stocking densicy 100,000/ha. Fine dee-bran
wis fied to fishes ar the rate of 3 % of their standing biomass. Ponds were also fertilized
with cow dung at the rate of 1000 kg'ha a1 formightdy intervals.

Water quality determination
Water quality parameters such as water temperarure ("C), secchi depth (em), p¥,
dissolved coygen (mg/L), total alkalinity (mg/L), nitrate-nitogen {ma/L}), phosphate-

phosphomus (mg/L), ammonis-nitrogen {mgL} and chlorophyll-a {pe'L) were monitored
at weekly intervals at S.00-10,00 am.
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Plankion exttmeation

Ten liters of pod water were taken each time from different locations and depibs
from each pond and were filtered through o fine mesh plaokion net (250). Filtered
simple was taken into a megsuning covlinder and 2 standard volume of 30 ml was made
carefully, Then the collected plunkion samples were preserved in 3% bulfered formalin
im srmall plastic vials for subsequent studies, Lo the labomtory, a 1 ml sub-sample of each
30 ml sample was examined under a binocular microscope wsing & Sedgewick-Rafter cell.
All plankronic organisms were counted from en squares of the cell chosen ar random.

Huroeating of fish

Parial harvesting of tmola, chelz and puat io all the treatmens was done after three
menths of stecking. All the ponds were complerel v barvested after six months of reasing,
first by seine nering and then by de-warering the ponds with a submersible low lift
pump [ Pedrolle 2 HP). The harvested fishes were counted and their lemgths 2nd weights
were measured.

Lhia aralyaes

The experiment was set up following the priociples of Completely Randomized
Design {CRDY) and the dara were analysed using a statsstical pockape, Statgraphics
version 7 and Microstan

HResults

Warer quality parameters

The mean values with standard devistion of the different warer quality parameter as
tecorded from the experimental pends under three rrearments are presented in Table 1.
ANOVA was performed 1o observe the degree of difference among the treatments.

The water temperature as recorded from ponds belonging to trestments- 1, 2 and 3
was found to vary from 27.6 o 33.0, 27.8 10 32.8 and from 27.7 to 33.0°C, respectively.
However, no significant difference was obterved among the trestments when DMET was
applisd.

The highest values of ransparency were 38.17 ¢m in trestment-1 in June, 32.25 cm
in rrearment-2 in July and 39 cm in mrearment-3 in September, Again the lowest values
were 2718 ¢m in October in treatment- 1. 2188 cm in October in trestment-2 and 3167
cm in Clcrober in treatmnet-3. The mean values did not show any signiticant difference
when analysed statistically.
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Table 1, Mean value =500 and range (in parenthesis) of water quality paruneters

af experimental ponds under three treatmenty

Parameter Treatrment-1 Treatment-2 Treatment-3
Tempernture [PC) 262047 9an+1. 28" 20644133
[27.6-33.0) (118318 (ETT-33.0%
Transparency (cm) 342848700 2767 =4.81" 13,97+ 10.25"
{27.18-38.17) (}.BE-32IF) [31.67-39.00
p T5344+0.34 765031 Th22015"
(7.10-E.41) (7.05-8.53) {7.08-8.59)
Drissolved oxvgen 1B3+1.00 s9l=1.0F 4.30=1.20"
(mgTL} [1.5-7.00% [E1-87T) {2.2-6.6)
Alkalinity (mg/L} 128.56+3203%  121.88+33.17° 132.18+26.40°
(G5-2.50 (50-185) B-168)
Ammonia-nitregen 48 =0 i 47 +0.37" .51 0.3
[mgL) (001127 (0.0-1.457 (.03-1.55)
Mitrate-nitrogen 259078 2.55=0,79" 2.60 =0.84"
(mg/L) {1.2-8. (L4-5.8) (1.1-4.0)
Phosphate- 0L90=0.77 (.58 =0.45° 0.76=059"
phosphonus (mg/L) (0.10-2.75) (0 I0-2.28) (0.11-2.05)
Chlarophyll-a 90042 49,57 111.91+41.73" B3 42+463T
(gL} {21.42-198) [14.28-1M)) [20.23-1959)

*Figures in the same row having rthe same supersenipl are nnl slgnificanty different (P=R05)

The observed mean values =50 for the above wreatments were 7.54.:£0,34, 732031
and 7.62 =015 cespectvely (Takle-1}%

The mean dissolved oxygen concentration =51 values for above treatments were
3.83=1.07, 3.92+1.02 and 4.29+1.20 mg/L; respectively {Table-1). The mean values as
obtained for treatments-1 and 2 were significanily higher than thar of meatment-3
(F=0.05), but no significant difference was observed berween the valuwes of treatments-1
and 2 (P>0.05) The maximum concentration of dissolved oxvgen was 7.0 in rreatment-1
and the minimum was 1.2 in treatment-3.

Total alkalinity of water of the experimental ponds was found to range from 65 to
220 mg'L. in treatment-1, from 53¢ to 185 mpp/L. in treatment-2 and from 80 o 168 in
trestment-3. When the mean values of all poods were compared, a significant difference
{P=0.05) was found between treatments-1 and 3,

Toral ammoniz content in water of the experimental ponds under treatments-1, 2
and 3 was found o range from 001 1o 127, from 0.0 to 145 and 003 w0 153 mp'l,
respectively, The difference among treatmenis was not statistcally significant, During
the experimental period, the highest valoe of total ammonia content was reconded o be
1.55 mg/L in trearment-3 in June while the lowest in treatment-2 in May,

During the study perind, nitzate-nitropen content in water of the experimental ponds
was found to range from 1.2 to 5.2, 1.4 10 5.5 and from 1.1 to 4.0 mg/L in treatments-1, 2
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and 3, respestively, It seems that there was difference among treatments but that was nog
statistically significant.

Phosphate-phosphorus conwnt io water of the ponds uoder trearments-1; 2 and 3

wis found 1o range from 0,10 w0 275, from 0,10 w0 528 and from 0.011 0 205 mgl,
respectively. However, significant difference (=005} was found among the mean values
of dafferent treatments.
Chloraphyll-e content in water of the ponds under meatments=1, 2 and 3 was found w
range from 2142 1o 198, from 1428 o 190 and fom 20223 10 199 wxl., respectively.
When these values were analysed statistically, o significant difference was observed
between treatmentz-2 and 3, but none with Treatment-1.

Plankion emmeration

The plankionic organisms recorded from the water of the experimental ponds have
been presented in Table 2.

The recorded phyvioplankion population comprised of 4 broad groups ois.,
Bacillariophyceas, Chlovophycese, Cyanophycese and Euglenophycese. A total of 27
genera of phytoplankien were recorded from treatment-1, 28 from treatment-2 and 29
from meatment-3. Out of 27 genera of phyvtoplankton, $ genem belonged w
Bacillariophyceae, 12 to Chlorophyeens, 7w Cyanophycess and 3 wo Euglenophyceae in
treatment-1. In ereatment-2 out of 28 geners 5 belopged to Bacillanophycess, 14 w
Chlorophyoeae, & to Cyanophyceae and 3 te Euglenophyceae. Whereas in mreatment-3
out of 29 geners, 4 belong to Bacillariophyceae, 16 o Chiorophyoeae, 7 to Cyanophycese
and 3 10 Euglenophycese. However, the recorded zooplankton population comprised of 2
groups wis, Crustacen and Botifera, A total of 11 genera of zooplankton were recorded in
treatments-1 and 3, of which 5 genera belonged o Crustaces and & o Rotifera, While in
treatment-2, out of 10 genera, 4 belonged w Crustaces and 6 1o Botiferd,

Table 2. Mean abundance of plankmon in warer of the ponds wnder three wrestment

e rmreL

Plankion group Treatment- 1 T reimeni-2 Trearment-2
Bacillariophyoeae 4629 34 4.51 =716 lad=700
Chlorophyeeas L213=1878" 168+ 27 950 17254 23,07
Cyanophyosss QIS=12 50 1257 + |G 1072812 56"
Euglenophyceae 2= 04" ERSES T TL ERTES
Toral 102 = 3.86° .75+ 548" 36082629
phyoplankron

Crustaces 2= 2. 2642050 1344 25E
Ratitera 331=51% 4 5620 400w 534
Total Eoaplankion 08 = (1,38 6, 7a+]1.5]" .34+ [L95

*Figures in the saome row heving the same superscript are nog signliicansly diferear (F=0.05)
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Mo significant difference (P={.05) was found in the sbundance of Bacillariophyceae.
Chlorephycese was the mest dominant group in all the Treatments, DMRT showed that
the values of creatment-2 and 3 were significantly higher than thet of treatment-1. The
abundance of Cyanophyceae did not show any significant difference among Ireatments
when rested statistically. The sbundance of Euglenophyceae was significantly higher in
rreatmiznt-2 than those of meamments-1 and 3,

The mean abundance of total phyteplankton in water of the ponds belonging o
treatments-1, 2 and 3 were 300022326, 40792548 and 36,03 6291171, respectively.
ANOVA and subsequent DMRT analyses showed that the value of treaument-2 was
higher than these of treatments-1 and 3, bur there was no significant difference berween
the values of treatmens-1 and treatment-3.

Crustsces was present in relarively lower numbers in all the treatments. The
maximuom sbundsnos (6.76=11.51x10°L) was cobtained in trestmner-2 while the
minimum (.080.38x 1041 in Trearment-1. But no significent difference was observed
when tested.

Growith and producton of fizh

Size distributions of mola, pund and chela during the study peniod are shown in
Figures 1, 2 und 3, respectively, The bar ¢charts for mola chowed that, the weight of mola
was 241 and 3.28g in the month of May and June, no fry was seen in the net during
sampling. But in the next successive months, mola frv were found during the sampling:
The mean fry weight of mola was 0.67, 0,84, 0.71 and (.87g in the month of July, August,
September and October, respectively. But in case of aduly mols, the average weight
decreased in July and August, but increased in the following months (Fig. 1) In case of
punt, the growth wend was not similar to that of mols &5 may be seen in Fig. 1. The
averapge weight of adulr punti was found w incréase gradually in the fci mwo monoths.
However, the fy was first found during sampling in the month of July and the average
weight was 1.02g. In July and Avgust, the fry weight was more or less similar but in,
Seprember and October, the mean weight were increased gradually, While the mean
weight of adult punti did net increase during the months of July and August bat
increased gradually in the following months. The growth partern of chela was similar to
that of mola as seen in Fig 3. The weighe of adult chela was the highest in October and
the lowest in May. Fry of chela was found in the month of July and the weight was found
i e 65, The Iy weight increased gradually in the following moenths. Comparatively
less weight of adult chela was observed in the month of July and August than in other
manths.

The stocking and harvesting statistics of maola, punt and chela are presented in
Table 3. The numbers at hacvest (partial and final harvesr) of cach species of moela, punr
and chela were higher than their initial number. At barvest, the wial number of mola
was significantly higher (P<0.05) than these of punti and chela. Bur the wotal number of
punt and chela did nov show any significant difference (P=0.050 The number of mola,
punt and cheba harvested were 7,069, 2910 and 2,350, respectively.
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Fig. 3. Monthly average weieght of fry and aduli chela.
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Tabbe 3, [deraile of inicial mumber and weight of fGsh ansocking, harvesting numbser and
presfuction of mola, punti and chela in monacal e system

Trcat- b= b3 Adsrecking Ar barvestng
METLE
Av. initial Av. Final Av. toial no. of Total wi. ol
wt [} weL) frsh recoverned figh (kg'pond}
T-1 Maola L.a0=027 L 14=049 Th B.05
1=2 Punti Z2.30=[.K0 IRS=2T4 2810 1130
T-3 Chicla [.55=0.29 202069 235 5,09

*Figures in the same row baving 1he same superscrips are not significenaly different (=005

The gross vield of mols, punti and chels over a period of six months were
E05+3294, LLIZ20241.62 and 3524881 kptha, respectively, The total production of
punti was found to vary significantly from those of mols and chela, The production of
punti was 39.13% higher than that of mols sod 120% higher than that of chela. On the
other band, the second highest production was obtsined from mols which was 58 15%
higher than that of chels and the production of mols also showed significant difference
[PP<1.05) from that of chels (Table 3)

Discussion

Water temperature is one of the most important factors, which influence the
physico-chemical and biological events of 3 water body, The ranpe of water temperature
[27.6 to 32.8°C) a3 vecorded from che experimental ponds apreed well with the findings
of Mollah and Haque (1978) and Wahob o ol (1995 from ponds of Bangladesh
Apricultural University (BAL campus. Water trunsparency was found o flucruate
widely (14-60 cm} in the present study. The highest transparency was recorded duning
June and the lowest after fermilization, which might be due to the presence of higher
plankton population and suspended organic matter. Islam o af. (1974) recorded the
minimum transparency in Janosry and maximum in June. Dewan (19730 recorded a
good correlation of transparency of water with the water depth and minfall. Boyd (1982)
recommended 3 transparency between 15-40 ¢m as appropriate for fish culture. The
observed p* range of (7.03-2.59) agreed well with the findings of Hossain er al. (1997)
who found the p" range of 6.7-8.3, and Kohinoor ef af. (1998} who obtained the p™ range
of 7.18-7.24 in the research ponds of Bapgladesh Agricultural University campus,
Mymensingh, Dissolved oxvgen level in water of the expenimental ponds as recorded
(L% to 70 mg/L} in the present study agreed well with the findings of Wahab # ol
(1995], who recorded a lower dissolved cxypen ranging from 2.0-7.2 mg/L. dunag their
experiment in the BAU campus. Ahmed (1993} also reported a similar mend of lower
dissolved oxygen from fernilized and fed carp fingerling ponds in BAU campus.
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Application of manure and supplementary feed might reduced the level of dissolved
DXIVEEIL

Mameral warers, which conrzin 40 mg'l. or more toral alkalinity, are considered as
hard waters for biological purposes. Hard waters are generally more producrive than setc
witers., Bhuivan (V9700 reported thar the waal alkalindny of medivm produceive water
ranged from 25-100 mg/L. Sudipt (1%98) ound the average total alkalinity values were
above 100 mg/L in some BALU campus ponds. The observed alkalinity level (30 o 220
mg/L) of water of the experimental ponds indicated that the productiviey of the ponds
wis medivm o high. Inoany culiere econdition, the lower concentration of ammonia-
nitrogen is betrer for fish. The level of ammonia-nitrogen (06 w 135 mgT.) as
recorded from the experimental poads in the present soudy is lower than thar was
reported by Dewan of al. (19915 who recorded 0005 o 6.20 me'L. Kohinoor & alf, {1978)
recorded ammonia-nitrogen ranged from $.03-0.25 meL. Haguoe ar af. {1998) also found
ammonig-nitregen level of 0,11 o 0.13 mg/L in BAU research ponds. However, the
present level of ammonia-nitrogen content in the experimental ponds was not lethal to
the stocked fishes. The amount of nitrate-nitrogen (1.4 1o 5.98) as recorded from water of
the expenimenta] ponds was higher than that of Mellah and Haque (1978), who recorded
0021 to .77 meg'L, and Haque e o, (1998 recorded 0086 10 £.90 mg/L in ponds in BAU
campus. Bhuiyan (1970% reporged the range of nitrate-nitrogen from 0.06 to 0.10 ppm as
a suitalle one for aquaculture. The possible reason for higher values of nitrate-nitrogen
in the presene study was fertilization, which was @ toutine practice in the experimental
ponds. David & el (1969, Mumawar (1970) and Islam & af, (1974) mecorded higher
amount of nitrate-nitrogen after heavy mdnfall,

Phosphorus is considered 1o be the most critical single ¢lement in the maintenance
of aquatic productivity. The observed phosphate-phosphors contents (0,10 to 2.75
mg/L} in water of the experimental ponds were higher than those reported by Mollah
and Hagque (1978} who recorded phosphate-phosphorus to be 055 o 0,35 mg/L. Azim e
af. (1993} found mean phosphate-phosphorus as 0.807 me/L in the research ponds ar the
of BAU campus. The probable reason behind higher phosphare-phosphoms content was
heavy rainfall during this study, which might increased the amount of phosphates
phosphorus in the experimental ponds,

The probable reason behind fluctuation in chlorophyll-s concenteation (42 1o 198
pgL) in water of the experimental ponds during the study perfod was the periodicity of
phytoplankion, which was enhanced by manuring. Khatrad (1984) reported that
phytoplankion and chlorophyll-2 had a positive relattonship with primary production.
Dewan ot al. (1991} recorded 12-30 ug'L. chiorophyll-r in their experiment, where as
Haque eral. (1998) found 5913927, chiorophyll-z in their experiment.

The present recording of 34 genera of phyoplankion belonging to 4 broad groups
vir, Bacillariophyceae, Chlorophycese, Cyanophycens and Euglenophycese and 12
genera of zooplankton belonging to 2 groups eis, Crustacea and Rotifera, agrees with the
fAndings of Wahab or af. (19%4) a5 reported 2% genera of phytoplankton belonging to
Chlorophycese. Bacillariophyceae, Euglenophycese snd Cyanophycese and 5 genera of
zooplankion belonging o Crustaces and Rorifera,
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The higher abundance of plankton population (phyroplankion 30,02 x10¢, 4479
x10° and 3608 x10°L and zeoplankion 608 x10°, 676 xID' and 634 xI0YL in
treasrments- 1, & and 3, respectively) might be due to regular application of supplementary
feed and fertilizers in the experimental ponds. Wahab and Ahmed (1991) reported mean
phyvtoplankton populaton to be 17.72 x 10, 9.26 x10° and 13.87 x10%L, and zooplankton
2 be 119 x10°, 1.90 x10* and 1.07 x10%L from three sets of ponds, respectively, Wahab o
al. {1%%4) recorded phytoplankion numbers ranging from 2.0-8.0 x10%L and
zooplankton between L.0-2.0x10°L. However, Kohinoor o ol (1998) recorded 22.50-
27.83 x 10%L phyvtoplankton and 5.20-6.34 x1041, zeoplankion from polyculture ponds.
Recording of the highest total plankton population in treatment-2, mighe be due to the
fact thatr pund in trearment-2 consumed less amount of plankion than that of mola and
chela which were stocked in the other treatments.

Culture of small fish has not yet been attempted on large scale in this country.
Consequently, published information on production of small indigenows fish species in
freshwater ponds are rather little, However, some of the notable works are Ameen of al.,
(19847, Husdain er of. (1989, Akhreruzeaman ¢ of. (199, Hossain of ol (1997} snd
Fahmawllah & of, (1998). In the present expeériment, the mesn weights of mols, punu
and chela were 1,14, 3.85, 1L.BDe, respecrively. Mustafa (1991) observed the mean werght
of mola and punti were 3.03 and 7.65g, respectively in his monoculture experiment.
Eohinoor et ol {1998 found the mean weight of mola in poalyeulure system was 0.74g,
whereas, Hasan {1998) in his polyouliure experiment with small fish observed the mean
welghts of mela, pund and chela as 110, 5.8% and 1.80g, respecrively, Kamal (1P96] ulso
found the mean weight of Punius sophore was 2,90 in monoculiure 2yvstem where the
ponds were fertilized with urea and TSP, The weight of small fish in this experiment
was low in comparison oo the above findings

The production of mola, punti aod chela & obtained in the present expeniments
were 205, 1120 and 50% kp'ha/ 6 months, respectively which was more of less same 0%
Muostafa (1991, who has reported 1o achieve an estimated production of 1,592, 2,373 and
1,764 kghatvr from meonoculiure of mola, chola punt and colisha, respectively. Ameen
ot al, (1994} ohtained a production of 1.7% rensTa of mola (4. molz) and 8.0 tons'ha of
chola punt (P, sophored in moneculivee and 442 1onshad meoths of mola and punti in
comnposite culture, Akhrerussaman er af, (%)) reported thar in moaeculure condicion
the production of P, serong was L2200 kpha's months, while, Kamal (1996) obtained a
pet production of 461 kg'had months Trom P, sephore i ménoculiure condition by
fertilization only, Rabamatullah e al, {1998) reported te obain a oer vield of chapila w
be 92,13 kg'ha and mola w be 57,88 kgp'ha'd months, The Ash productien as ohiained in
the present experiment was comparable to all the above mentioned Andings except those
of Ameen e @l (1994 A further trial including Amesns’ technology is recommended for
further sody.

In view of the above, it may be concluded that the production of meola (4. wedad,
punti (i saphore) and chela (€, cachins) was not very encourzging but small indigenous
fish species {515) culture would add social benefit in that the fish farmer and the poot
peopie may get a chance to consume them readily than sale them in to the market
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Polyculture of freshwater prawn, Macrobrachium rosenbergii,
de Man with carps: effects of prawn stocking density

M.J. Alam’, DA, Jahan, W.A. Pramanik and M.E, Hog
Bangisdesh Fisherses Besarch Institute, Mymensngh 2201, Bangladesh
*Carpssponding aathoer

Abstract

Effects of three stocking densites, iz, 35, 50 and 63dacimal (1 decimal = 4048 m7) of
juvenile freshwater prawn (Macrsbradfanm n'.wm!lt'r;.n':- nn prawn and lish production were
tested dn 2 polycuture sysvem with salver carp (fHvpophkalmichebyr malirec, catla (Caela
canla), Graes carp [Crnephaoesdpodon idilla) and silver barh (Barbodes poniosarag). The fich
stocking density was [Ddecinez! with the species combination of silver carp=10, catls- &,
grass carp- | and silver barh- 2. In a B-monch culmre persod, the prawn vield 423 + 144
kp'ha was significantly lower (F= 0.3} with the poawn stecking density of 35/ decimal
than that of 545 = 178 kg'ha and 662 £ 243 kg'ha with 50 and 65eeona! respectively. The
fish producrion (1844-15%] kg'he) did nor differ significancly {p <0.05) gmong the thres
toetments indicating that prawn sipcking densitiss had no influence on fish vield, The
bwer imesn harvest weight {62 g) und survival rate (67 g) and higher yield {1.67
kg/decimall with the highest stocking rate of prawn revels that o5 density was increased,
prawn survival asd bndividieal weight 2t barvest decreased hut ol vield increased.

Eeywords: M. revenbergit, Polyealiure, Stocking densioe

Introduction

Palyculture of fishes in pond is a widespread practice in miny countries where
stocking strutegies are determined by the feeding habits of fish, wking into sccount
narural feeds available in the various ecological niches within the pond, The freshwater
prawn, Macrobrackion msenbergis, has atcracted an enormous interest as an agquaculoere
species in many of the tropical and sub-teopical countries throughout the world (Perry
and Tarver 1987) and particularly its benthophagic omnivore feeding habit makes the
prawn @ good candidate for polyculrure. Prawns are self-limiting in respect w toml
production due to sntagonistic interactions increasing the need for polyoulture to
maxisize wotal pond efficiency (MNew 1990}

Prawn polyculture has a porentially higher net return than prawn moncculture
{Rouse und Stickney 1982). Colmuse of prawn with fish also improves the ecological
balance of the pond water, preventing the formation of massive algal blooms (Cohen e
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al. 1983} Besides these cultural Beaefits, 3 major advantage of prawn polyculture for
developing nations like Bangladesh iz thar low-cost high quality prozein (fish) is
produced for lecal comsumption simultanesusly with a high value lwxury protein
produet (prawns) that may be exported 1o generate foreign exchange. This development
model has worked remarkably well in Tseael, which produces some 30%% of its wial fish
consumed and exports prawns 1o the high priced European murket 1o generate foreign
income {Cohen & Ba'anan 1983).

Although the traditional Chineese aguaculture system, consisting of polyculiure of
planktophagic, macrophytophagic, benthophagic and omnivorous fish species has been
adapted extensively to Bangladesh aquaculture conditions, polyeultune of fish and prawn
hes not yet been widely undertaken uneil recently. Polyeuliare of M. msenberga has been
investigated with Chineese and Indian carps elsewhere (Malecha o7 al 1981, Bian and
Pang, 1981, Buck & ol 1983, Costa-Pierce ot al. 1984), but no scientific study has been
conducted to develop an appropriate fish-prawn pelyculure system in Bangladesh
conditions. Though Humayun ¢ al. (1986), Hoq # ol (1995) and NFEP {2001} reported
one species and three species carp-prawn polyeulture system, respectively, but in a very
crude way and nothing could be concluded from their resulis in establishing 3 viable
prawn-fish polveultiure system in Bangladesh. The present study was, therefore,
underiaken to investigate the effects of stocking rawe of prawn on the production
performance of fish and prawn in u pelyculture sysvem considering fish 45 a margimal
crop with an uldmarte aim of developing an appropriate grow-out of freshwater prawn
uwnder a polyculiure sysiem,

Materials & methods

Previous vear’s harchery produced numsed juventle prawns were stocked ar three
differvnt densitles with silver carp (Hypophehalmechilve melimx), catla (Cale casla), grass
carp (Ctoopharyegodon idella) and rajpunti {Barbodes gomeomotus). Different prawn
stocking densities of 35 decrmal, 50/decimal and 63/decimal were considered a5 Treatments.
The stocking density of silver carp, catla, grass carp and rajpunti into each treatment
pond was 10, &, | and 2 per decrma! respectively. Each of the treatments was assigned inro
three ponds as replication. The initial average weight of prawn was 1.8 g and that of
silver carp, catle, gruss carp and rajpunti was 3.6 g, 5.2 &, 50.7 gand 1.5 g, respectively.

The experiment was carried out into three eamthen ponds, which were partitioned
into three compartments having a water surface ares of 7 decimal each and o mean
effective water depth of about 1| m. The pond were panitioned using bamboo fetching
covered with nylon mosquite net. The ponds were drained out and treated with lime and
cowdung at the e of 1 and 12 kg'dedmal, respectively. The ponds were filled in with
underground water and fertilized with 100 g wrea/decimal and 50 g T5T/decimal for
enhancing the natural food production prior 1o stocking. Fish and prawns were stocked
into pond compartments in January'® and the experiment was continued up W
Auginst 96,
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The nurrient management included fortmoghtly manuring/fervilization and daily
feeding. Doy cowdung, urea and T5P were applied formighty ar the eate of 5 kg, 100 g
and 50 g/decimal, respectively. The use and amount of ferrilizer varied depending on the
productivity status of pands, Only prawns were fed with g SABINCO comumercial grower
pellet feed at 5% of hiomass for initial 3 monthe and ar 3% for the rest of rearing period.
The feed contained 38% crude protein, 5% crude lipid, 8% cmude fibre, 18% ash and 12%
moisture. The pellets were applied 3t every evening using feeding trays hung in each
pond compartment, Shelters were provided in esch pond compariment with dry cocomut
lenves,

Gain in growth (total length and weight) of fish and prawn was recorded from seined
netted samples (n=2%) once in 2 month. Ar the end of the experiment, ponds were drain
harvested, fish and prawns caught, roral number counted for survival, measured and
weighed, and gross vield compured. Among the witer quality parameters, temperatiine
was measured every day berween 900 — 10.00 hrs using a centigrade thermomener,
Dissolved oxvgen, pH, ammoniz and alkslinity were measured every week in berween
08.00 — 0900 hrs. Dissobve oxygen and pH were measured with a Y51 model 34 oxvaen
analvzer and O3K-11475 pH meter respectively, Determination of ammonia and rotal
alkalinity was performed according to the procedures cutlined by ACAC {19%#0),

DOne-way analysis of variance [ANOVA) was performed oo the vield dats w
determine trearment effects. Significant differences between treatments were isalated
nsing Duncan's multiple range vest (DMRT) at 3% level of significance. All analyses
were done uzing on PC using Stargraphics Fersion 7.0,

Hesults

The final weght, survival mare, and vield of fish and prawns in each reatment are
showsn in Table 1. The geowth of silver carp, catla, grass carp and silver barb ranged
feown 45740l g 347 = 388 & V18 = 825 g oand 185 = 202 g, pespectively. The growth of
each fish species was similar [P = 0.03) in all treatments, except carla and grass carp in
T, The significantly higher growth of grass carp (825.28 * 30060 g) and lower of catla
(347.09 £ 3492 g} in T, might have due 1o some unknown reasons other than any
interspecies interactions. The sorvival rate of each fish species was slso similar (P =
0.05) among the afl teearments, Neither the individual fish vield nor the toral vield of
1891 £ 153 kg'ha in T,, 1844 £ 162 kg'ha in T, and 1887 % 186 keg'ba in T, were not
significantly different (P < 0.05). Prawn with the highest stocking density of §5/decimal
1 T30 showed significantly lower (P < (.08} growth (8161 = 20.72 gb and survival rate
{6592 + 2.27%), bur higher vield of 2,67 £ 098 kg/decimal ic. 662 + 243 kg'ha than the
lowest density of 35/decimal (T,), Similarly, the weight gain and survival rate of prawns
ot hurvest with T, (30 decimal) were higher but the vield was lower than thar of prawns
with Ty although pot significantdy different {Table 1).

The menthly mean weight gain of prawn in all rresrments §s shown in Fig. 1. The
prawns at all swocking rates gained 1o weight progressavely with increment of rearing
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pertod. The prowns at the lowest stocking rate of 35/decimal (T} gained higher weight
all through the study period. As the stocking rute increased, the prawns gained their
weight at lower mites. The results indicate thar individual weighe of prawn negatively
correlated with increpsing stocking rate, The weight of prawns in all treatments sharply

increased from April, possibly due 1o increase in temperuture.

Table 1. Yield daga of different fish species and M. rozembergi in fish-prawn palyealinre system
(meeans with sme superserpts letter are not signilicantly di ferent az 5% level of significance)

Species Srocking Final weight Survival rate Tield Tonal vield
combinaion { e, ) (gl {95 (egidee, 1* Ckg'ha)
Treatment 1

H. i I L6i0,50 = 1804 42 =071 444 11,31

. catla fi IBRA0 = 148 GRBA = 23R 21T £0.1 Fish: 1891 = 153
C. edelie | TI7TAS 4 6a 32" 10D +0.00 U72+0.07  Prawn: 423+ Lda*
. poriongius z 18525 £ 26.75 RZ. 14 357 CL31 = 0.5

M. rasembergi 35 AT.85 1905 022 =478 LI0=058

Treatment 11

H. mnieiris ] 45786 + 2043 358 2 0072 4,290,323

(. carla B LT A0 4 34,72% 9504+ 2.38 L5 =025 Fish: 1844 = 162
. il 1 2528 £ 30600 100 £ 000D 0E2 =004 Prawn: 533 £ 1780
P peonicamorus . Hil&4 £ 21342 Biad+ 321 (.34 = 0UllR

M. rsemberpi a0 beb. = EB.2HE 6R.E6 £ 2E5° TIRE0T

Treatment TIT

H. molitrix 1 did. 50 = 33,51 9428+ 147 4.4] + .35

. rathe b IER.TE = 35060 QAT+ 3,57 215+ 0.28 Fash: LBE7 = 1HG"
. alla 1 TR 43644 00 = 0ub0 74 £ 004 Prawn: Gl 3 143
P oot | 195,50+ 2085 2872 +7.14 34 + 007

M. ramentergii 65 Sl61 1720 65.52 £ 2.7 2167 +0.98"

1 decimal = 40,88 o

- = O . .

| PR S LI S T PO

Mean weight [g) gain
@ o

Fig. 1. Monthly mean weight gain of M. rorewbergr in fish-prawn palveul mure ponds,
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Fig. 2 shows the percent occurrence of prawn in different weight class at harvest.
The occurrences of prawn in higher weight-class prawn were more than that in lower
weight-class at lower stocking densities. The highest occurrence of 32.53% prawns in T,
with 63/decimal was ar 50-60 g welght class and thet of 30.9% in T, with 35 decimal was
at 60-70 g weight-class. The ocourrence of prawn at 5060 g and 6070 g weight-class in
T, with 5idecimal was 26.6% and 23.2%, respestively, While in T, 56.1% of prawns were
at higher weight-class of 60-80 g, 54.8% and 55.9% of prawns were ar 30-70 gin T, and
T, respecrively. Again, when prawns of more than 80 g of weight were 13.8% in T,
those were 11.8% in T; and 5.4% in T;. All prawns ar 33 and 50/decimal were more than
of 40 g These indicate that an increase in stocking rates resulted in 8 decrease of
aeitrrense of higher weight-class prawn

BB E N

Waight frequency
2 4 o h

=40g 4050Q S53-63g &0-TO0g TOElg =B0g
Walght range

Fig. 2. Occnirence of M. rosemberng a1 ddffevent welgh-class in
fish-prawn polyculire ponds.

Fig. 3 represents the sex ratio of harvested prawn at different stocking densities, The
propoctiens of male prawns were lower than thot of females 1o T, [(46.2% M ; 33.3% F)
and in T, (47.4% M ; 52.6% F), In T; the male population (32.53%) was higher than the
female [47.79%).
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%o Compogiticn

Treabment

Fig, 3. Composirion (%) of male and female M. roserbergii
in fish-prawn polyailtice pends.

The differences i sex ratie at varied stocking densitics unde the sudy wore
appurent, indicaring that the abundance of one sex over he other one might have been
oocurred due to variation in stocking densities.

As the ponds were partitioned using bamboo fetch covered with nylen mesh net,
water ameng the compartments in the same pond flowed with wind sctien. For this
reason, water quality parumerers were messured from each of three ponds, irrespective of
weatment compartments. 1hers were no significant differences in water quality
parameters among three ponds. For this reason, all measured values for eaxch paramefer
were averaged and are shown in the Table 2. Monthly variations in water quality values
in all experimental ponds were within the acceprable limst of pond fish and prawn
culture,

Tahle 2. Mean {range) valuss of water quality parameters in fish-prawn polyculmre ponds

Water quulity Memhs

paranssreTs fan Feb Mar Aor May Juim Jukl Aug
Tempmriiure 185 16.5 24.4 .2 113 24,7 26.4 FLR
7} {16201 [ LE=210} (23-15) L14-27) (242 [2%.-14) [2%-39) (26300
Diissalved A5 4.3 44 53 4.8 4.4 4.7 4.6
oxypem (mgT (3353 AL {1853 (4460 (25T ST (AT (38R
FH TE 7.2 1.8 75 T ih 7.4 7.5

(PR30 (7OES)  (TA-EE)  (BSEE) (TA-A9 (TR0 (15500 (R8:-RE)

Toaal 25 0.7 .25 (136 33 0% (LI .54
AFMBEGNIL (E24LEy 0303 [0ER3) 0304 (304 iy R0 LR
amglll
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Discussion

A zimilar fish vield at three different stocking densities of prawn { Table 1} indicates
that the growth and vield of fish do not appear to be affected by the prawn stoecking
density. The significant differences (P<0.05) in growth and vield of prawns werg also
not influenced by the type and stocking mate of fish, but by the stocking mte of pruwn
itselll The prawn weight decressed from 63 - 62 g and the vield increpsed from 423 - 662
kgha with increasing prawn density. The weight [requency duta {Fig. 2) show an
inceease in the propoction of larger prawns with lower stocking rate and a decrease in
that with higher stocking rate. This similar inverse pelation in individual weight gain
and positive relation in totsl vield with stocking rates of prawn in pelvoulture with cagps
and tlapis has been reported by (Coben and Ba'snan 1983, Wohlfarth « o 1982). In
cose of o variety of prawn monoculoure conditions, Smith ¢ ol {1976); Brody & al
(L9R0); Perry of al (1982} also observed thae stocking rates of prawn had 8 pegative with
wieight gain but & positive correlation with vield. Similar survival mates of prawn in the
present study indicate that a stocking rate of 35-85/decimal might have ne effect on
survival at harvest. While Wohlfarth, & ol (1985) observed a slightly negative, but not
significant, correlation between survival rate ond stocking density of prawn in 4
polyculiure svstem, no any correlation was found by Cohen and Bs'onan {1983},

A higher (P = 005} prawn yield of .76 kg/day/ha and a2 similar fish vield of 7.9
kg/day/a (Table 1) reveuls that stocking of 65 prwn/decimal (16000Vha) with 19
fishidecimal (4700'ha) may be practiced in Bangladesh agqusculture conditons for an
aptimum vielding ¢rop in a fish-prawn polyculture system. When Brick and Stickney
(1979 srocked juvenile prawns at 110Myha with tilapia fry at 2000/ha, mean prawn
survival, barvest weight and yield were 95%, 24.5 g and 2.1 kg/dav'ha, respectively. The
daily fish vield was 2.6 kg'ho, Miltner o 2l (1983) reported mean prawn survival rage of
4%, harvest weight of 72.2 g and daily vield of 1.4 kg/ha at 2500/ha. The daily fisk yield
wits 12.4 kg'ha ar 8240 (carfish, silver carp and grass carpiha. High protein feed was used
in both studies. The prawn yield of 1.76 - 2.76 kg'dav/ha, in spite of a1 relatively low
survival mate of 65 — 709, in the present study is quite comparable to that of 1.6 = 2.1
kg/dayha, However, Cohen and Ra'anan (1983) obrained an average duily vield of 3.9
kg'a at a prawn stocking density of 15000/ha with above 85%of survival. The prawn
survival mtes in all weatments in the present study ranging from 66 - 70% are supposed
1o be of relatively low, which might be due to low remperarure during the initial menoths
of stocking {Table 2). Therefore, it leads to apprehend thar the daily rate of prawn vield
could have been more than that bas been achicved, if the prawns are stocked at onser of
summer and harvestad st the onset winter months.

Although 3 commercial feed was used to feed the prawn only in the present study,
certain amount of feed was also used by fishes and it is difficuls to determine thar which
species actually consumed how much of feed. The fish and prawn vield was actually che
result of combined effect of low rate of feeding and fertilization, as compared 1w high-
level pond management, in terms of nutrient inputs, maintained by Coben and Ra'anan
(1983); Wohlfurth er ol (1985). It may, therefore, be presumed that a prown stecking
density of 160V ha may be optimum one in pelyculmre svstem for havieg a good
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harvest at low inpur management. However, & higher stocking density of peawn and fish
with high input management may resulr in high vield of both prawn and fish. A prawn
vield of 3.7 - 7.2 ka/day/ha ar a stocking density of 20000 - 400Kha and fish (carps and
tilapia} vield of 233 - 0.6 kg'das'ha a1 a stocking density of 13150 13300/ha hove besn
reported by Wohlfarmh & of (19857 Hola e ol 199N,

Besides the relationship with growth and vield, stocking rates of prawn have zlso
shown some effects on sex racdio, The females of harvested prawns had a higher
percentage (34%)} with the lowest test stocking densicy {35/decimal), whereas the males
dominated with the highest stocking rate of 65/decimal {Fig. 3. Different authors have
recorded different observarions regarding the occorrence of sex ratio and socking rate of
pravvn. Wang ef al. (19750 found that che proportion of males exceeded thar of females in
the harvested populations from ponds stocked with relarively high densities. Smirh er af.
[1978} reported that sex ratios obtained in prawn monoculore systems were generally
bigsed 1wwards females (35-64%) withoutr showing any relationship berween sex rario and
stocking density, However, Cohen and Baanan (1983) observed, in ponds under fish-
prawn polycultece svilem, a higher percentage (35%) of female prawns at a lower
stocking density of 3000'ha and that {51%) of male at 8 higher stocking density of
L300y ia. However, it 15 bevond the capacity of the present repon 10 explain the exmcr
reasons of occurrence of sex mtio in harvested prawn population, It might be posaible
that cerain environmental conditions within the pond, including stocking density,
would fvour the development of one sex over the other, as assumed by Cohben and
Ra'anan (1983)

Finally, it can be concluded thar proper stocking ranes are of prime significance for
aguaculure production in fish and prawn polveuliure svsrem. Though a prawn stocking
rate of 16000%ha resulted in a pood vield, higher stocking densities of horh fish and
prawn, along with better nuerient inpur and pond manigement, may tred for berter
vield. Tr, however, needs to take into account that an increase in stocking rate of prawn
may incremse in harvest yield, bur decrease in individual weight gain. Therefore, any
further study for oprimizing the higher swocking rate of prawn for maximum vield
should consider the rate of individual weight gain @ maijor factor, a5 the marker vatue of
prawn highly depends on it
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Abstract

Five bormone doscs viz 23, 30, 75, 100, and 124 o of carp Pk of body wedght of the
recipient fish were wesied and they were designared as T, T Ty T, and T, respectivedy.
Significantly higher fertilization (98%] and hotching rates {358 were obtained from T,
(75 mg af cirp PG estrscr/kg body weigh . While T, (100 mg of carp PO exorac g body
weight) and T, (125 mg of carp PG exiract kg body weighe) gave the highest (#0a)
ovulation e In Jume and July e highest ferilizmion rate  of %6 and 9644
respectively and hatching rate 425 and 48.7% respecrively were obtamed, Tn aver all
comsideration corp PG extruct at 8 Jose of 73 mg'kg bedy weight appescs to be the
suitable dose for induced breeding of H. fossilis and June and July are the suiable dme
for its induced bresding.

Key wonds: Indieced breeding, ™0, I fonis

Introduction

Of the endemic carfishes, shing is a popular and highly priced fish in Bangladesh. It
is considered to be a highly nourishing, palatable and tasty fish, These fishes are well-
adapted 1o adverse ecological conditions in swamps, marshes and derelict waters which
are mostly shallow and characterized by heavy silt load with decaying vegetstion and
oTganic master coupled with poor nutrient release.

During the past few years, the natural populztion of this carfishes has been mpidly
decressing due to various man-maede and natural causes. Moreover, natural breeding
erounds of this fish are lso under threat due to drying up of the low lying arcas and
indiscriminate use of ferrilizers and pestcides. If appropriate measures are not taken
immediately there is every possibility the existence of this imporrant endemic catfish
species will be threavened. There is no other alternative but 1 develop induced breeding
rechnigue of this species o overcome the camstrophe. Pal and Khan {196%), Khan
(1972 and b), Thakur & al. (1974 and [977) and Saha er ol (1993) provided some basic
infermarion on the induced breeding of & fosrilis, with a view 1o achieve success in mass
production of K. fossilis seeds, the present investigation was undertaken to find our
appropriate dose of carp pinvitary hormone (PG) for suceessful induced breeding of the
species and o find our s peak breeding season.
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Mlaterials and metheds

Male and female broed fishes were collected from the local fish marker from
December'd6 10 March'9? and were stocked in carthen ponds ar o density of 20,000
fish/ha. The fishes were fed twice @ day with a supplemental feed formulated from locally
available ingredients containing fsh meal (40%), mustard oil cake (20%], rice brun
{20%), wheatr bran {15%), molasses (4%) and Vit. Premix (1%} ar the rate ot 5-6% bady
weight in the moraing {0900 AM ) and afternoon {1600 PM). Oaly fully marure fishis
were selected Tor induced brecding und brought w the hatchery in batches. Fishes were
imjected with five different doses of carp pituitary gland extract ves, 25, 50,75,100 and 115
mykg body weight and the trearments were designated as Tp, T;, Ty T, and T
respectively. In all the treatment groups 10 mature females were injecred with a single
dose of carp PG extracr. After a latency period of 8-10 b, the eggs were striped out il
Fertilized with milt from macerated testes of 2 single male. In each trial the egps stripped
from & female were divided into three sub-samples of sbout 200 eggs per sub-sample
The eggs were then incubated in plastic sib (20 cm diamerer) with nylon meshed bottom,
placed in shallow cement cisterns, having continuous water flow (0.3 I'minute),

The numbers of live eggs in each bawch were estimated 2.3 h after fertilization.
Hatching was considered to be successful if the sac emerged from the egg envelope.
Hatching, mortality and deformity were also recorded regularly. Water remperamure
during the breeding and incubation period was recorded by a Celsius thermometer.
Data on evulation , fertilization and harching were alse recorded to evaluate the effects
of different deses of carp PG on breeding success of A fovsilis.

Pertinent data were subjected to necessary Arcsin and Logurithm transformation
and analvses by one way analysis of varance (ANOVA) The data on fertility,
hatchability, deformity were further tested to asses significant difference between
treatment groups using Duncans Mew Muoliipul Range Test (DNMRT). Necessary
statistical analysis were performed after Zar (1%94])

Fesulis and discussion

Induced breeding wials of H. fossilis with five doses of carp pituitary gland {PG)
extract showed significantly higher (P<0.05) ovulation at T, and T; containing carp PG
extract of 10¢ and 125 mgky body weight respectively. Where as significantly lower
(P=0.05) ovulation mate was observed a1 T; having carp PG extract of 75 my'kg body
weipht, PG (Table 1). However, the fishes did not ovulation with 25 and 50 mg of curp
PG exmmactke bedy weight (Table 13, This agree with the findings of Jhingran {19%1),
and Munshi and Hughes(1992) who recommended camp PG exiract dose ar 150-200
meke body weipht for economic breeding of H. foesilis, The effect of hormone dose on
fertilization and hatching rete of eggs was significant. T, gave the highest (P<0.,05)
fertilization and harching rate followed by T.and T.{Table 1). The results agree with the
findings of Pal and Khan {1969}, Khan (19722 and b) and Saha (1958). However, in cuse
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of Clarias batrachkus, the fertilization and harching rare of egos were reported by Naser o
al. {1990} to be 51 to 968 and 42 to 815, by Das o af (1992) o be 40 so 9% und 25 10 75%,
by Ahmed and Kabir (1985 to be 535 1o 958 and 20 o 708 respectively. While
Rahmarulla er af, {1983) reported the percentage of fertilization of eggs of the same
apecies to vary from 50 to 90K,

Menth to menth variation in the rate of ovulation, fertilization, hatching deformity
and mortality of eggs was significant (P= 0.03) of H. foenibie (Table 2). Ovulation rate was
the highest in May (7% which declined in June (81%) but exhibited a pronounced pick
in July (84.8%) und then decreased in August (808) (Table 2),

Table 1. Effect of ditferent doses of carp PGoexazact on ovulation, fertilizstion and hatching rages

Tremt  Deseofcarp Mool Owulation Owylatien  Fersilizagen  Hathching

MEnLs PG extract female [EsPaInse ] n ]
imEkEg budy - induced
weight]
T, 23 14 Maoe avulated - = -
T; 1) 14 Mar avulaned - - .
T, 75 Ll Ovulared B GR.0° 3400
T. 140 £ Owulated a U, 5* ne
T. 125 L] Crvulaged e .y 24.1°

Table 2. Monthly variation in the percentage of ovulation, fertilization, hatching, deformity and
piortality of egps of H. forifi as recorded during the sxperimental manths

Parameters Manth

May June Julw August
Dose of carp PG extract (mpkp body 75-1100 75100 Tar125 3123
weight)
Mumber of fish induced 3 bp. 33 5
Weight {gm) of the experimenmal females 570 A5 M- 100 403-1440
Orvalationik) Fh.5' gl B4.B* w0, 0
Fertilization (¥) 94.6° 56.0" 964" 93.5
Hatching (%) 3rE 4.5 457" 8,24
Dreformiry (%) 0.5 4y 186 26.8"
% of momnality (upw 5 day) 333 42.5" 36,8 3.9

The highest fertilization percentage (96%) was obrained in July and June while the
lowest (93%) in August. The highest harching rate (48.7%) was recorded in July while
the lowesr (3T.2%) in May (Table 23 The eesults of the present experiments indicated
that June and July are the penk season for induced breeding of H. fossilie. Similar
findings on induced breeding of H. fosnlic was obiained by Bhatt (1968}, Jhingran (1991),
Kuddus e el (1997 and  Sabal 199%5) and n the induced breeding of C. Satrachus by Das
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et e, (1992}, The highest {28.5%) and the lowest {18.6%) deformity was recorded in May
and July respectively. However, the  highest deformity s recorded in May was found o
decrease gradually till July [19%) and apuin increasing in Anpguse {27%). Simificantcly
higher (423%) mortzlity was found in June followed July (36.8%), May {33.3%) and
Augusl (31.9%).

Fesult of the present study indicate that carp pitnitary gland extract (PG ac a dose
of 73 mgkg body weight gave the highest percentape of fertilization and hatching while
the same hotmone extract ab the doses of 100 and 125 mg'kg body gave the highest
percentage of ovilition. [n over all consideration Carp Plr extract at the race of 75 mg'kg
body weight appears to be the suitable dose for 1ts induced breeding of & fosedis and the
present findings may serve as @ basis for the induced breeding of similar cat fishes in
Bangladesh.
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Abstract

A laborarory-feeding trail wae conducted for 45 days with fry of commen carp Chiprinus
carpio L. [04520.038) (b aquaria in & statc indoor fish resring systeen. The fry wese fed
om a pelbsred dier conaining 33% crude protein huving fshomel a5 major prein source.
The fish fiv in five weatments &, By G, [ and E,; each with veo replicace: were fad on 2%
datly ratfon divided fnto different feeding frequencies of 2, 3, 4, 5 and & times 4 day
reapectively in order to observe the growth performance. Each replicate concained 15 fry
hoving tofal iniual welght of 637:0.30g Ar the end of the feeding wial, sgnificanty
different and higher (p<0.03) growth respopse was shserved in trettment C having a
feeding frequencics of 4 rimes a day, Significantly the highest and the lowest percent
growth of 334,30 and 218,91% were ohserved in fish fed oo the diet (Treament C) with 4
times and (Trestment A} 2 tmes leeding frequencies per day, cespoctively, Fomd
conversien ratio (FCRY of |78 was significanily bigher (p<0005) in fish fed on the dizi
having 2 tmes feeding frequencies whereas, the laast value of 1.22 was obmined in fish
fed on the dier with 4 vmes dadly feeding. Proeein efficiency rado (PER] manged fram
L6% in fish in reatment A having & feedicg frequencios of 2 tmes per day o 2.48 in fish
i wreatment C fed on the dier with 4 times feeding frequencies. Other growih pammeters
wiz, specific growih e (SGRY, apparent protein digestibility {ADP) were also higher o
wremtment O than the nther reamments The results of the present stdy demonsizeared
that the growth performance of O corpio was the best ar 4 hmes fecding in a day using
33% deerary protein contalting fxh meal as major proicin souroe,

Key word: Feeding frequency, Chprinus carpas, Fry

Introduction

Expansion of aguaculyeral practice of 2 rarger apecies greatly depends on feeding
technology and feed cost 15 one of the largest operational costs in aquaculture {De Silva
and Diawy 1992), The feed to be presented 1o the 1arger species should be nutritenally
balapced, essily utilizable and also digestuble for the viability of the aguaculrural
practice, In general the feeding regime and growth of fish are very rouch related. It is
evident [rom earher studies that the tate of feeding alters pureent” inrake and
digestibility, a5 excess feeding may lead to leaching of nutrients and limited feeding may
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suppress growth due to starvation (Hepher 1990} Feeding frequency may provide
maximum utilization of diet by providing best FCR and weight gain of cultared fish
species, Therefore, sn important step in the feeding strategy s 10 determine the optimal
frequency of feeding for the mrget species in aquaculture to get desired growth of fish.

Multiple feeding results in a more efficient utilization of the feed than a single
feedifig (Murai and Andrews 1976). The number of feeding per day and the time of
feeding vary with species, size of fish and environmental conditions. It is also affected by
gUT transit time, gastric evacuation time, exposure of feed with gastric juices, retention
rirne, feed quality, meal size and gur length.

Among the popular exotic carps, common carp (Cyprimes cerpic) s favourite fsh w
the peaple of Bangladesh for its palatability, hardy nature, spawning namre, high growth
rate and also for its high vield. The present study was undertaken with 2 view to study
the growth response of the fish fed on o formulated standard dier ar different feeding
frequencies. In these regard different aspects of growth parameters like, food conversion
ratia (FCR), specific growth rate (SGR), protein efficiency ratio (PER), apparent protein
digestibility (APD} were studied.

Materials and methods

The feeding trial of common carp fry (Ciprimus carpio, 0.45£0.03g) was carried out
for 4 period of 45 days during the months of April to June'9¥ in glass aquaria of a static
indaor fish rearing system in the laboratory of the Department of Fisheries Technology,
Bangladesh Agricultural University. Mymensingh. Fry of common carp (€, carpde] were
collected from a private farm of Digharkanda, Mymensingh. They were transferred in &
plasric stocking tank of 250L capacity and were given a prophvlactc treatment with
0.5% NaCl dip for 20 minutes. Then they were bathed in 0.5 ppm methylene hiue
solution for 24 hours followed by an scclimatization with the experimental conditien for
15 days in three aquaria with adequate aeration. During acclimarization the fish were fed
pelleted diet containing 33% crude protein at a ration of $% body weight

For the feeding trial ten rectangular glass aquaria ($3cme=215cm=25cm) were used.
About two-third of each of the sguarium was filled with tap water for the experiment
and provided with artificial seration using agquarium air pump (Daive N5 4200). A
natural photoperiod of day end night was mainmined throughout the experiment. The
ambient water remperature ranged berween 27 and 32°C during the experimental period.

Before formulating the diet, the dietury ingredients were subjected to proximate
analysis (Horwitz 1984), The experimental diet conrained fishmeal s major source of
dietary protein together with other ingredicnts us wheat flour, carboxy methyl cellulose
(CMC), rasting salt (monssodium glutamate, MSG), vit premix (Rhone-Poulence,
Bangladesh), chromic oxide, =<-cellulose and sovbean oil. All these imgrediears were
mixed at reguired amount so that the fnal dier contasined 33% crude protein. The
formulation of the diet with different ingredients and the proximate composition are
shown in Table 1.
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Table I. Formulation of the experimental diet {33% crude protcin level, % v weight basis)

Ingrediznts Amaune (%} Proximate composition % dry wesght basie
Fish meal 43,00 Eew enarter bre2
Whear flour 3000 Crade protein 33.34
Carboxy methyl celiulose 200 Crude lipid 1353

Tasting salt {50 Ash Gas

Wit Premiz? 1.0 Mitzozen free extract 4348
Chramic oxide {50 Giraws energy {Kaal'g) 4,35
==cellalose 1500

Sovbeoan oil 4,0

Total 16

* Bhane-FPoulince, Bangladesh.

The feeding trial was conducted in five trestments named A, B, C, D gnd E each
with two replicates. In each of the replicates, 15 fish were used. The frv in each replicate
were fed at 3% ration fevel daily divided into different feeding frequencies of 2, 3, 4, 5
und & times respectively, Feeding was started ar 9.00 am until 530 pm as per feeding
frequencies. An sdequate level of cxygen in each aquarium was ensured through
amificial seration by using aquarium air pump. Evervday in the moming before feeding
started, abour one-third wuter of aquaria was replaced by new water to keep the water
quality a5 good a5 possible. Close observation was made during feeding so thar mo
pellered diet left unesten in the squaria. Siphoning method was followed o remove
uneaten food (if any) and fasces from each aquadum. The total amount of feed fed was
recorded for each treatment in order to subsequent calculation of SGR (Brown 1957)
FCR {Castell and Tiews 1980), PER {Castell and Tiews, 19807 and APD (Maynard and
Loasli 1969).

Faeces were collected during the last week of the experimental period for analysis of
protein digestibility of feed. Faeces from each aquarium were removed carefully by
siphoning sbour 30 minutes after last feeding. These were collected separately from cach
replicate of all rreastments and pooled together scoording te replicate and dried in oven at
70FL and then kepr in airtight vials for subsequent chemical analysis. Chromic oxide in
the diet and faeces was determined by using wer digestion technigue of Furukawa and
Tsukahara {1996). Percent APD of the experimental diet was calealared using the
formuls of Maynard and Loosli {1965,

For growth data all experimental fish in each replicate of different reatments was
individually weighed at every 15th days which was also used for adjusting ration. Fish
were weighed up 1o the nearest 0.01g on a precise electronic balance. At the beginning of
the experiment, 60 fish from the stocking tank wes randomly collected, sacrificed,
weighed and dried in oven for analyzing proximste compositien as  inival carcass
compasition of fish. At the end of the experiment, all fish of each of the replicates of
trearments was weighed, sacriliced and dried in oven at 100°C for subsequent analysis
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for proximate compasition and other growth parsmeters. The proximate composition of
dietary ingredients, diets, faeces and fish samples were analyzed sccording 1o methods
described by Horwio (1984,

Dhars collected during growth trials and subsequent amalysis of diets, facces and
carcass composition were used 1o derermine growth parameless.

One factor analysis of variance (ANOVA) was performed to abserve the etfect of
feeding frequency on the growth of fish in different treatments. For this purpose the
percent data were converted to arcsine and then applied for analysis, This was followesd
by Tukey's multiple range test (Zar 1984) w analvee any significant difference between
tregtment means at 3% level of significance.

Results and discossion

It was ohserved that the incresse of feeding frequency did not always produce
increase in growth. Here, in this experiment four times feeding per day showed
significantly (P=0.05) the best growth at the end of the experiment, The mean percent
weight gain of flsbes fed on diet ar different feeding schedules of 2, 3, 4, Sand & times a
day were 218,91, 30399, 334.30, 276.93 and 231.95% respectively. The comparison on the
mean percent weight gain in fish frv fed on diet ar different feeding frequencies is given
in Figure 1. Significantly (p<0.05) higher increase of mean percent growth was observed
in the fish fed four times daily than the fish fed 2, 3, § and 6 omes daily showing an
increase of feeding frequency which did not increase the growth of fish progressively.
The lowest {p=0.05) growth was found in fish having a feeding frequency of two tmes
per day. Similar result was observed by Chiu er al. (1%87), Charles et al. {1984 for the
same species of C. carpio. Capper o al. (1982) also reported different values of FCR for C.
carpic with formulated diet ar different feeding frequencies. Thus s feeding schedule of
four times a day seemed to be oprimum resulting a gooad growth,

Fig. 1. Mean weight pain in C. carpio fed on the formulated dietat 5 frequencies of
2,3, 4,4, 5 and & times (A, B, G D and E respectively) daily for 45 days feeding trisl
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Specific growth rate (SGR) in mearments A, B, C, [ and E were observed 2.58, 1.10,
3.24, 2.95 and 1.53 at feeding frequencies of 2, 3, 4, 5 und 6 times a day, respecrively
(Table 2). The SGR values in the mearment C (fsh fed four times daily) was found
significantly (p<{.05) higher than the others, The SGR increased with the incresse in
feeding frequency in a day reached to the peak at feeding frequency four times a day and
then the value was decressed with the further increase in frequency {(Chiu er ol 1987)

Food conversion mtio (FCR) of the dier used for feeding at different frequencies of
Z, 3,4, 5 and 6 rimes # day were found 1.78, 147, 1.2, 1.35 und 1.57 respectively. Ahsan
11995} observed FCR values of 1.79 1o 2.16 for Labee rointe fed on diet contmining 33.92%
protein. In the present study the lesst FCR value was observed in the trearment where
the fish fed with a feeding frequency of four times in g day (Table 25 It was significantly
(p=0.05} different from other values except from the feeding frequency of 3 times a day,

‘The protein efficiency ratio {PER) of the present study followed the rrend opposite
to FUR values and ranged from 1.68 to 2.48. Significantly (p<0.05) the highest PER was
produced by resrment C (four times feeding per day) followed by Dy, B, E and A,
respectively. Choudhury (1998} reported thar FER value of .14 to 2.32 for L. rofite,
Thus a feeding schedule of 4 times a day seemed to be optimum resulting a good growth
and may be suggested as 3 recommended frequency For culture of €. carpiv.

The apparent protein digestibility (APD) ar different feeding schedules was found to
be 7LO1, 76.71, 81.76, 78.26 and 74.7% in different treatments A, B, C, D and E
respectively. The highest APD value 81.76% was seen in fish fed ar the frequency of four
times per day and the least APD value was observed in treatment A at two tmes feeding
per day, Carlos (1988) revealed similar result of growth response due to apparent protein
digestibility in bighead carp fry. However, APD value in this study was slightly lower
than that of Jayaram and Shetty (1980} who reported thar protein digestibility value was
PL.EE% in rohu fish fed on formulued diets containing 34.33% dietary protein. In
unother experiment, Biswas (1997) observed the APD value of 80.50% for Punei
gomionarous fed on diet containing fish meal having dietary protein of 33%. Choudhury
(1998) alsn observed a similar AFPD value of 81.70% when Labeo sohita fed formulated
diets contuining 33% crude protein. Therefore, the APD values of the present
expetitnent were varied much within the range found in related species us reported by
different authors. In this study, the carcass composition did not show significant
variation in respect 1 crude protein, lipid, moisture and ash conrent.

Table 2. Growth parameters of Cupring carper fed experimencal dicw for 45 days of feeding wial

Treat- Man Mean Miran % Tanal SR FOCR PER AFD
menes Inirial Fianal weigEht wmnumt af % %) )
weighe (£} weight (g} galn Bl fed ()
M Tase 26.83" 21ga Ik P L7TE" 168" T14]"
B Saalt 12.66" 0354 245 3. 0inE B4t Fd R Al b
C Gg3 250 133,300 ETA4 3290 1.E2* 4K EL.Ta"
[ o 24520 IThAe 19 rogs L TS Jy gk
E TR 433" 25198 23.58 253" L§*%  polbk g

*Figures In the mame coluren baving the same supescripts are not significantly Giferenl (kO]
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Abstract

A copparative study of beathic fauna beoween Fajifhaty beel and Padmei beel of
Werrakona District under differen: manngement svsiem was carried our from July'®9 o
January'll. An average oumber of 1113 and 1175 orgenisms /m® were obined from
Fajdhala beel and Padmel beel respectively. A tomd of 22 faxn belonging o & diverse
groups, Oligochecs, Chironomids, Molluscs, Ceratopoponids, Diprera {other than
Chirenomids and Cerpropogonids), Ephemeroprera, Lesches snd Crustaceans were
recorded. (Higochncoes were dominated and constirored 46% and 9% of the todal benthic
papulation in Bapdhala beel and Padmad beel tespeciively. The nexe dominant growp was
the Chireaamids, which constimed 31% and 3% of the toml benthic population in
Rajdhala beel and Padmasl beel respecrively, The highest number 1279 and 1437
individuals /m’ of benthic fevne wes recorded in December from Rajdhla beel and
Padmal beel in eespectively. The lowest number of benthic faunn 36% and 914 tadividuals
/m® were found  during September and July from Fajdbals beel and Padmal besl
respectively, Monthly varistion of benthic fauna among two beels were found suistcally
significanc (p<0.05% The numerical distributions of benthic fauna was found 1o be
varied with depth ranges. However, the depth wise vamagen of ozl benchic fauna
between twa beels was noc found swestically sigrmbiicant Fish vield of Rajdhala beel (488
kp'ha'vrl was appreciably bigher than the Padmai beel (250 kphatyrl
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Introduction

Inland warer areas of Bangladesh mainly included nerwork of rivers and canals,
flood plaing (3-6 months inundared low lyving areas), haors (large deeply flooded
depression), baors (oxbow lake), beels {depressions often with permanent area of water)
and ponds. Recently efforts are being given m study the inland capmure fisheries
rescinces by different GO and NGOs 1o increase fish production. Different approaches
have meken o ensure sustmnable and increazed fish production from open water and w
improve the socio-econemic condition of the fisherman. As a part of the acdvities, The
Community Based Fishenes Management Prodect (CBFM) stamed o work on 19 rivers
and beels in late 1995, The project involves a parmership of Deparmment of Fisheries
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{DOF), five NGOs and International Cenrer for Living Aquatic Resources Management
(ICLARM). The project was designed as an action research project to test and nssess
alernative model of GO-NGO-fisher collaboration and therchy develop a framework for
community based fishery management thar might achieve grater efficiency, equity and
sustainability {Thompsom er ol 1999, Under the CBFM project NGO Carsitas is
supporting fishery management in Rajdhala beel under Purbadhala thana of Netrakona
district in Co-ordization with ICLARM. Another beel namely Padmai beel 15 also
situated within the same ecelogical region and is under rraditonal mensgement. Stody
programme was designed to stady the comparative abundance and depth distribution of
benthic fauna of Rajdhals and Pedmai beels. Hopefully, the findings of this smudy on
shundance, composition and distribation of benthic fauna of two beels can provide
benchmark data for beel management in Bangledesh.

Materials amd methods

Study area

The bees under study are located at Purbadhala thana of Netrakona district within
14970 25°%° N and 90729 90°48' E. Beels are in the Agro Ecological Zone (AEZ) 9 und
subregion 9b of the country, which is under Old Brahmapurrs floed plain (FAQ 1988),

Rajdhata and Padmai beels t5 a semieaclosed perennial round shaped waterbody.
Rajdhata beel has 3 waver depth 4.6:7.7 m and covers about 53 hectures water ared
Whereas in Padmai beel water depth was recorded the maximum of 3m and the beel
covers around 20 hectares. Rainfall is the main source of water in both the beel. During
monsoon months the Rajdhala beel is connected by channel called Kumarkhali khal 1o
the river Dhalai. There are two-outlet channels (khals), o away from the beel, which
were fenced o prevent escape of fish, and Padmai beel is connected by 2 small channel to
small river Kani. Warercolour appeared light green and brownish green in Rajdhals beel
and Padmai beel respectively, The marginal slope and bottom of the Rajdhala beel was
regular. Bottom was formed by clear clay mud. Thickness of the mud ranges from 50 1o
80 cm. Physical nature of the bottom was soft and clear. The basin wall slope of the
FPadmai beel wus lower thun that of Fajdhala beel Borrom mud was more soft and dacker
in colour, Unlike Bajdhala beel the borrom of Padmai beel was full of dead and decaving
teaves of auatic plants and thizemes and nebers of emergent vegetation, which emimed a
foul odour. Thickness of bottom mud ranges 70-120 cm.

Sample colleciion

Benthic fauna of Rajdhala and Padmai beels were studied for & period of seven
months from Tuly'®9 e Januaey'00. Benthic samples were collected monthly (13 or 16th
dav of the month) from each beel from 3 different depths say; shallow (=1 m), medium
deep (1-2 m) and deep (=2 m). Three replicate samples were collected from each depth.
For convenience, 9 sampling spor from each beel were marked with the help of bamboo
poles to establish the sampling site. An Ekman-dredge covering an area of 225 cm’ was
used for sampling of bottom sedimenis using an anchered country boat. Content of the
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dredge, along with any materials canght were transferred to 8 buket and taken to rhe
shore for washing, Each sample was than washed thoroughly using a series of standaed
briss seives of mesh siee 0.2, 0,92 and 2.0 mm, From the residue the benthic organisms
were collected  wnder contrasting background of black and white by means of fine
forceps and kept inte separate vial containing 5% formaldebyde for preservation (Werzel
and Lickens 1979, The vials were marked properly snd taken to the lsboratoey of
Agquasulture Depariment of Bangladesh Agricultural University, for analysis.

Physico-chemical data such as air temperature and warter temperature, transparency
(Secchidisc), pH oxygen, carbondioxide, ammonia hardness of water also cellected on
the sampling date by using Hach kit (DREL 2000,

Sample analysis

After 48 hours the preserved animals were transferved 1o a petridish and washed
with tape water 1 remove the remainder of the washable detritus and muod. Then
benthic organisms were separsted and counted into different major taxonomic groups by
using & magnifving glass, The sorved snimals were sgain preserved EIOUD Wise infa 5%
formaldehyde and lsbeled properiy for further study.

Un a later dare the preserved specimens were identified into possible Jower taxa
unider a dissccting microscope. The worms and Farvae were soaked into lactophenol for a
peniod of 24 hours for making them transparent for identification. The SpeCimens were
taken from lactophenol with the help of 4 fine forvep and were placed on a clean slide
with 8 few drops of glvcerine and covered with cover slip. A binocular microscope
(NOVA 950 ES) with a magnification 16+4 were vsed to identify the specimens.
Identification was done after Pennak {1953), Usinger (1963), Needham 2nd Needham
(L9660 and Bnnkhurst (19717

The data cbrained from the samples were tabulated for siatistical analysis, Analysis
of varidnce was done with the help of computer package METAT, following Randomized
Block Design. The mean values was compared by Least Significant Difference Test (Zur
1% ar 5% level of significance,

Hesults and discusaion

Abundance of benthic fauna depends on physico-chemical factors. In this study the
messuted factors were found within the acceprable ranges, There has been mo
rematkable difference in the value of physico-chemical facrors in two beels (Table 13,

A total of 1577 and 1665 henthic organisms were collected from Rajdhals Beel and
Padmai Beel respecrively, this amounted o an averzge nimber of 1113 and 1175
organisms/m’ (Table 20,

In Bangladesh no anetmpts have been made to claszify the beels an the basis the
availability of benthic organisms, Thienemann [1925) classified a lakebed producing
berwesn 1000-2000 animals/m’ as mesotrophic. On the basis of his classification it can be
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concluded that both the beels are mesotrophis 1.6, medivm productive, A toual of 22 taxa
belonging to 8 diverse groups were recorded from two beels.

Table 1. Physico-chemical parameter of Rajdhala beel and Padmai becl

Facuar! Adr Water  Trans itH [iTw] Frer cartan  Amaonia Hardness

el tEm. iem, parnLy impifl  dinwide (mpeL] (oL}
(] [ | fem} imyg/L)

Eajdhals 27.00 2513 Teadid 7.73 A 514 ikl 0.233=0401 5710
L4685 =401 =186 =035 =01 +1.42

Padmai o0 2557 T T 65 593 W18 =0ES 020 =005 0dEd
=465 =54 =342 +h1y =52 O .

——

Table 2. Tatal number, percentage composition and average number/'m* of different
proups of benthic faens recorded From different monchs in Rajdhala beel and Padmal beel

Greaps of Muonhly valse % of Av
beeuthic faune Feels July  Aug  Sep O Moy Dec  Jam Taral 1ol f
i m
Cllipachoeta Rajdhala 112 150 @ LIE g0 3] £ T2 4623 514
Pacdmal 134 15 14 I3 GG T4 7 B13 44483 574
Chisonomaidag Rajdhala 25 ] 47 i) ™ 124 106 R0 L 345
Padmui ] ke L &0 71 144 14 %G I190% 340
Mullusca Rapdlsaka 45 &2 % 4 a3 M 12 LB 1152 131
Padenad 1] 3 & ] 44 7l ] 152 1133 i35
Cermecogonidas Fajdbak 14 . a 1 ;U ;@@ M A &3 77
Fadmid fi il & 1 | 14 14 b 141 ]
Oizer Diprers Raydbala 2 2 1 1 1 1 3 12 0,78 i
[esiepr Tudmai | i 4 ] 1 i ] k] 080 il
chrinomidee &
SECAlDpEOE ]
Eptemieroprera Rajdhelu 0 i ES 2 2 3 4 13 0.95 11
Fadmal a 2 2 4 1 4 ! 1% 1.0E 13
Hirudines Eajdhalz 2 4 % i 4 i i 21 1.33 15
Padmzl 4 .2 2 3 3 * I 2 1.32 16
Crusticea Pajdhala 2 1 5 L 2 1 z 14 (L 10
Pl s i ] 1 5 4 z 1% .14 13
Total mumber Rajdhala o 241 1760 H§ 12 2 5] 1577 por LLL3
Padrmai 185 27 s 135 144 241 168 L5 ]
Avcrsge sumber  Rajdhaia (15 I W & EEY 1136 BT L1279 1240 - - -
fre! Fadrnid T T T T N -l . F 2

The major greups of benthic fauna recorded from two beels during the present study
were Oligochactes, Chironomids and Molluscs. The dominance of these groups of
macrobenthos has been reported eardier by Thas and Islam (1983) from tropical
freshwater pond, and Kumar and Mitea (1986) from Ox-bow Lake. The probabie cause
of the occurrence of these dominant groups of bottom fauna may be due to the
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favoursble ecologicil condition for their growth, Bottom type and amount of battom
deposits exert a significant influence upon the eccurrence of hottom organisms and their
kinds. The character of bottom deposits affects the nature and disteibution of bottom
fauns has been demonstrared by many authors (ey. Reid 1964).

Monthly fluctuation of major groups of benthic fauna was ohserved during the stady
period and shown in Fig. 1. The highest number, 1279 organisms/m® and 1437
organisms /m’ wias found in December from Rajdhala beed and Padmai beel respectively,
A lowest number 369 organisms/m’ was found during September in Rajdhals beel and
914 crganisms'tn’ during fuly in Padmal beel, Monthly variation in abundance of
benthic fauna berween two beels were found staristically significantly different {P<0.05],

|-+ @ - Mofuscs Paimal

Fig. 1. Monthly fluctuation in abundance of major groups of benthic fains in two heels

The climarological factors revealed a close relatio nship with the qualities of soil and
water. Moore (198(1) pointed our that the diversified physico-chemical conditions of the
littoral zone should resubt in quantitatively diversified litroral Funa, The seasonal
abundance of henthic faunz may be due to changes in temperature, peticdical changes of
water level by the min and flood water incursion. Sutcliffe or al. (1981} stared thar the
reproductive biology and growth rate of benchic orgunisms increased with increaged
tesmpernture. Here in this study higher number of benthos was found in December and
sizailar resulis was also reporied by Dewan (1973}, Dhas and Islam (19831, Perhaps the
gredter number of benthic fauna (n winter monchs might be due 1o the Jess predagion by
bottom dwelling fish at low remperanice or might be due to the complex commuanity
inTerastion.

The numesical distribudon of different groups of benthic organisms varies with
three depth ranges during the study period. The preater density of henthic papulation
wis found to occur in shallow (42%) and medium deep (327%) region of Rajdhala beel,
while in Padmai beel greater number of organisms recorded in deep region (435,

The benthic species are greatly distributed in these habitits according 1o their
suitability, availability of food etc Ball (194%) concluded thar food play an imporant
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role in the distribution of benthic organizms, The higher number of benthic population
in deep region of Padmai beel mav be due w the Maenesz of the botom and
comparatively less aren of deep region beel bed than the shallow and medium deep
region botom, besl bed perhoaps provided suitable substrutum for growing benthic
fauna. Abundant mecrovegetation might support more food and  shelrer for
macrobenthos, The important vegetation being responsible for incressing the number of
benthic communitiss has been stressed by varou: authors such as Dimiteoy (1977,
ANOVA dndicated thet there was no sististically significant difference of depth
diztribution of total founa between two beels (Table 3). But major geoups of faona s,
ONigochaetes, Chironomids, Molluscs varied significantly (P <(.05) berween rwo beels ar
different depth.

Table ¥, Summary of ANOYA analysis for deprh distribunon of woeal benthic fauna,
CHigechaeres, Chimmnemids and Melluscs of Bajdhala and Padmai beels

e o F yelue

varisnoe Tonal faina Dilignchaeres Chisnmiosmlds Mlalinecy
Repdicarion T33O0 4,54 (20,1007 5 IT. Lo (20,00 e LR 20,1007 3
Facenr A (Jeel) ATE{D, 000" T = 31,1007 ) Onipl [1,1080%
Facror B (Depehy LSRRIy 1207 (21000 P38 (21007 1524 (p000
Al LSEAOB {2000 LT 30 { 000" 4502 (2100 e 420 2 00

+ The figgures within paresthesis indicaze the degrees of freedom
* The ligures followed by the madk indicite the sipniticant valie

Muximum dominance of Oligochaeres was ohserved In both the beels and
constituted 46% and 49% of the towal fauna in Rajdhala beel and Padmai beel
respectively, This gproup represented by 6 species, Broncioura sowerbyn,  Lomrodrfes
hoffmestert, Aleosima sp., Chastapastear ap., Deve dipeera, Tubifox ap, Branchivne somerhyt was
the most dominant species and account 35% and 41% of the Oligochaetes in Rajdhala
beel and Padmai beel respectively, Possibly more ecological suitability, food availability
and breeding facilities for Oligochaeresis had prevailed then the other groups. Das and
Islam (1%83) found more Oligochaetes having more organic matters in the pond mud.
The maximum ahundance of Oligochaeres was found in August from both beels and
minimum in Movember from Rapdhala beel and in December from Padmsi beel, This
trend might he due o vaclation in water temperature. But monthly varistion of
Oligochaeres fauna between beels were found no statistically significant. The more
accurrence of Browcioura sowerhy i probably due to utilization of organic mater in
borrom sediments by this species. High ocourrence of Olipochaeres in the rainy season is
also suppored by Dewan {1973, Das and [slam (1983),

Chircnomids ranked the second dominant group of benthic fauna recorded during
the study period and constitute 31% and 3% of toral benthic fauna in Rajdhala beel and
Padmaj beel respectvely. Most dominans species was Clirormnns sp. and scoounted 61%
and ¥7% of the groups in Bajdhala beel and Padmai beel respectively. Other species were
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Procledes, Pentanewra, Tenvpws. Monthly vamation of wal faupa of Chironomiads
between two beels shows statistically significant difference (p<0.05) (Table 4). A distinct
seasonal varaton in the population of Chironomiads was observed in the study with the
highest number in December form both the beels and lowest in July in Rajdbala beel
and in August io Padmat beel, The ebserved lowest number in July and Augost mighs be
due i beavy grazing by fsh, Which agree with the observation of Brown and (Mdham
(1984 and Wihab (1985],

Tatle 4. Mean of monthly vasaien of wal benthic fauna, Oligechasies,
Chirvnomids and Meliuscs of Fajdhals Beed (B, ) and Padmai Beel (1,]

Depth Towl fixma (Migochaenes Chiromomids Mol

B By &} By b )] i i} H;
Jully 133 mnsee 12,78k L4,Fmt 1 4,44 3000 QL0
Augus . oL LY FERES 400 4,337 4.670 (.33

Seprember 19,5 23.Remd L 22 L5.67 522 SHF L5 et
Ol 25330k 25 ] ek LA 13.56™ 7.5 e L& LM
Mrvember 23564 I iLs= g8 1100 i TEE I Sy +.5%h
Digeemiber T il g Tk g2 138" 12,67 LIT TE
January 17 g G713 2464 |2.(H* 3= 1 3F= 556"

*The  figures  within & group  of  benrhic  Gpa (Tond  fuoe,  Oligechaces,
Chironemids and Molluscs) bearing same kerier's 1 indizie ne differences.

Molluscs were the third dominant groups and contribute 11.93% and 11.53% of the
tetal fauna in Rajdhala beel and Padmai beel respectively. Molluscs were represented by
Vroaporus bengalensiz, Lymnaea sp., Plaksrhiz sp, Melinotdes sp. The occurrence of
Vimparus bénpalensts was the mest dominant and éonsritute 45% and 56% of the Mollnscs
in Bajdhala beel and Padmai beel respectively. Variation of Molluscs berween two beels
during different months of study showed stadsrically significant difference ip=0.05)
Menthly abundances of Molluscs in two beels show a diverse pattern. Molluscs were
potally absent in July in Padmai beel, possibly due o greater movement of the species 1o
the surrounding inundared agriculiural lands. This can be arcributed o presence of
weeds and suitable warer level for their food and sheliee. Opn the CONLEArY, maximum
oumber of Molluscs in July in shallew region of Rajdhala beel might be due o presence
of vegetarion for shelter in the marpinal avea of the beel.

Minor groups of benthic funa Ceraropogonidie, other Diprera  (excepr
Chironomidese and Ceraropogonidae), Ephemeropirs. Hirudinea and Crustacen were
negligible in number and frregular in occurrence in both beels. Biwas (1977), Das and
Islam (1983} have repocted similar observation,

Post monsoon lusuriows growth of aguatic weed was noticed in Padmai becl,
Benthic fauns were more abundant in weed infested bottom substrate than clear open
bed (Schramm and Jirks 1989 Padmai beel received agriculiural discharge from the
surrounding encatchment arcas, Nutrient rich discharge and heavy light penetration in
shallow depth might have been highly encouraging for prolific growth of weed, Shaha &
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al. (190 observed that removal of macrovegetation from Kolia beel, West Bengly Tndia,
make the ecosystem highly productive and fish vield increased from 320 ka'ha w 1077
kg'ha.
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Abstract

Diiszase occurred in wild fish species investigated in differsne warer bodies like canals,
ditches, becl, haar, flond plain etc. in 1T districts of Dhaka division Hihnurrh'ﬁgil:
Leioms were abserved an the bady surface of affecied Gihes. Ineldence of the diseass in
the investlgated warer bodles ranged from 0 o [00% In pmal |9 fsh species were
found w be affecied &nd prevalence of infectdon canged from 00 w0 D008 Clhanna
prenciriny and Pandias son were severely affected in afl locations. Percentage of
infection in these fishes ranged from 0.0 o 1000, The highest infection was observed
in Meirokaonn, Kishoregani, and Mymensingh districts. Bacrerial genera isolated from
the lesions of thess affecied fishes were Aeronmomas, Prevdomomai, Flavobaerenm,
Mrcreoccur, and Srapfeplococoim. Amang these solates Arrowmones was the dominant.
Abundance of demeones o the lesioms ameng the investigated bacteria manged fmoon
73 1o ¥4, Five identified Aeromonas ivdrophils were examined lor their patbogeniciy
and wepe able w infect the experimenial fish, silver barh (Proeios posmaree). The
pathogen darvweurs bdrophilo wes thus considered o have an associaton with the
v threak of ulcer type of dizeass in the investigaied feh species.

Eey words: EUS, Asromonar hydrmplila

Introduction

Bangladesh is uniguely endowed with the diverse of very rich and extensive inland
and marine Gshery resources which mainly include rivers, flood plains, estuaries constal
belr and vast sea waters, Disease has become a major problem in fish production both in
culture systém and wild condition in Bangladesh (Rahman and Chowdhury 1996), In
Bangiadesh the fish has been suffering from ulcer tvpe of disepses of different
expressions including epizootic ulcerative syndrome (EUS), bacterial haemorrhogic
sepricaemmia, tail and fin rot, bacterial gill rot, dropsy, colummnaris disease, fungul diseuse
and parasitic disease (Chowdbury 1997). In an investigation of the Ash farms by spot
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observation many farmed fish species were found to suffer from diseases caused by
hacterial pathogens (Chowdhury 1993

Considering the impartance and immediate necd for the country research works, the
present study was planned to achieve the prevalence of the gross fish disease occurred in
wild fish species in Dhaka division, to determine the percentage compesition of bacteria
in the lesions of the affectad fishes and to perform pathogenicity test of some recovered
seromenzd isolaves suspected a5 parthogen.

Materials and methods
Inpestipation of the ocourrence of fish dizease

Investigation of the oceurrence of discase in fishes were carvied out on the basis of
ohservation and sampling of fish from different waterbodies in 17 districts of Dhaka
division of Bangladesh starting from November'98 and continued up to March%9. Fish
were sampled randomly from three wild waterbodies (canal, beel, haor, ditches and flood
plain) of one randomly selected thana of each disteier. Gross diagnosis of ulcer type of
disease in the invesrigated fish was based on eye observarion on the spot having
haemorrhagic leslons on the fish body. A total of 100 fish samples were grossly examines
from each waterbody, Toral fish species and the infected fishes were counted and
percentage of infection was calculared.

Collection of fish

Mymensingh, Netrokona, Kishoregani, Tangail and Jamatpur among 17 districts
were selected for collection of severely sffected fish for fsolation of bacteria. Bacterial
isnlares were collected from the lesions of body surface of the firmed fish ziz, Channa
pametars, O, srates, Mastacembelus ormars, M. pencafus and Purtiug zicio. The samples
were browght to the laboratory immediately after collection for bacieriological snudy.

Bacteriolopical Fruestigarion

Tryptone Sova Agar i T3A) was vsed for culture and swabs were aseprically taken on
the culture plare with 3 sterile inoculating leop and spresded, The plares were incubated
at 25°C for 36-48 hours. Twenty colonies were mndomly separated from this inatal
culture and individual culture was maintzined on TSA shants ar 4°C for characrerization.
Morpholopical and bischemical characters were studied following the methods
described in the Cowan and Steel’s Manual for the identification of Medical Bacreria
edited by Barrow and Felthem (19930 and confirmed with the help of Bergev™s Manual
for Sysretaatic Bacteriology (Volumes 1 and 2) edited by Kreg and Holo (1932)
Pescentage composition of the idenrified bacreria isolated from the lesions was based on
the 20 colonies initially separated,
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Artificial infection in fish

For pathogenicity test five identified A. Avdroplila isolates were tested on silver barb
[Pumttier pomionaties ) of about 15 ¢ in weight, The experimental fish were acclimarized for
3 days in the laboratery condition and checked their health before use in the experiment.
Stock suspension of individual becteria was prepared in stenile tap water taking 158-24 h
culoure. In a 4l capacty agquarium, 15 of bactenial suspension was prépared in the tap
water with the stock suspension in such way that the bacterial dose hecome 3-5x10F
CFU/ml, The exposure dese of bactesia was followed after Chowdhury (1997, Ten fish
were exposed to bacterial suspension in the aquaneem under aerated condition at room
temperaturs munged 27-28°C. After 24 b of exposure B0% of bacterial suspension was
exchanged with tap water and from the following day 60% of water was exchanged ar
every 14 h. Two replications were set up for the same isolate and thus in otal 20 fish
were Used for each bactedal isclate. Experimental period was 2 weeks. For each ser of
experiment control fish were maintained in the same way withour exposure to bacteria,
Mo food was applied during the experimental peried. Tofection was recorded by
observation of lesions, mortality and continued by re-isolation of bacteria from the
experimental fish.

Results and discussion

Incidence of wleer discase in the investigared patural waterbodies were recorded
from 0.0 o 1MLD% in different diswricts (Fig, 13, The result was correlated with the
reports of Chowdhury (1998) where he observed 40 1o 50% of the non-farmed
waterbodies were affected by ulcer disease at Mymensingh in Bungladesh.
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Fig. L. Prevalence of EUS discsse in natural waterbodies in different diswricts of Dhaka,
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Nincwcen different types of wild fishes wz, Amblypharyngoden mol, Anihas
restudinens, Chawng orientelis, C. puncratus, O, striatus, Clarias bateachis, Colwa fasciorus,
(Flowsegobing giwris, Heteroprewsess jossifis, Maecrognathus aculeatis, Meeracembelus armmgnis,
M. pamcebus, Mystus gor, M, vinang M. tengara, MNandus pendus, Notoprerys rotiprenis,
Puntiis ticte and Wallage arne were found 10 be affected by the ulcer disease, Percentage
of infection in wild fish specics by ulcer disease ranged from 0.0 1o 1060.0%. The disease
was most prevalent in Netrokona, Kishoreganj and Mymensingh districts and Chonna
panctanes and Puntivs tice were found to be severely gffected in case of wild fish species
(Table 1). Barua & al. (1990} observed 22 different species affected by ulcer disease and
percentage of fish infection ranged from 0.0 1o 100.0 and the disease was most prevalent
in Bogra, Netrokons and Chandpur.

Bacterial genera recovered from the lesions of affected wild fishes were identified as
Aerorons, Preudomenaz, Flavobacrermir, Mickrenoons and Seapinifocaccus. The results were
correlated with the findings of Chowdhury and Bagul {1997} where they isclated the
bacterial flora from fish organs were Aderomones, Coryneformes, Flovobacsrum,
Enterobacteria, Maraxsia, Acinetobaceer and Bacllus, Asomongs was detected as the
dominant bacteria in the lesion of affected farmed fish species and varied from 75 to 30%
of the total bacterial ¢ount which are shown in Fig 2. Preudomonas was the second
dominant genus followed by sraphylococcus, However Macrococcus and Flapohaclerium were
less dominant bacteria found in the lesion of affected fish species. According o
Chowdbury er af. (1995, Asromenas sp. as the dominant bacteria with high percentage in
the kidney of EUS affected fishes in Bangladesh, Rahman et al. {1998} also reported thar
Agromomas sp. in the kidney of different affected fishes were found to be B0-90% of the
total bacterial convent.

e
L ]

Fig. 2. Compararive percenlage compasition of hacterial genesa in the investigated frmed fish species.
In the pathogenicity test, all the 4. fydropkila isolates causing an ulcer 1ype disease
and mortality, In this study all of the selected isclates were able to casuse lesions and

montality in the experimental fish. Appearance of lesion and mortality of fishes varied
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from one isolate to another. The isolare AAZ showed highest infection (100%) with $0%
maoralicy (Fig. 3).
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Fig. 3. Farvemns of the appearance of lestons and momality caused by
ditferent A, Ayarephiln isolates iy experiimental infection.

Chowdbury (1998) found 75-80% moreality in carp and carfish with exposure dose 3-
Sx10f CFUWml of Aevomonas hydrophila isolates experimentilly and the present study
support the previcws wark,

The present study provides informarion about the occurrence of ulcer disease in
farmed fishes of Dhaka division. It alse provides association of the hacterial pathogen 4.
ferdrophila with the disease. Knowledge of this study will be helpful o fish pathologist,
fish culturists and researchers to detect ulcer disease and o ke NECEssary Measures
agabnst the bacterial parhogen.
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Alstract

Four zoeal stages and ome megalopal stage were idenmified in laboratory reared
semiterresirial mangrove sesarming <rab Chasmagnotfas orverus. At an aversge salinio
and wmperature of MEl% and 1928020 the megalops was atained 24 days after
hatching. Merphologicatly, the fErac zoae of © conpecur is very similar 1o those of cther
species ol the genus Charmaprarkus 45 well 43 species of the genus Melice, in thar view all
share the following characterisnics: Jateral spine on the carapace, theee pair of setae on
e posterior margin of the telson furcs, ane plus five setee on the endopod of the
maxillule, and two plus two setae on the  endopod of the maxilla. The differcnces
between the firss 2oea and megalopa of and thoss of it congeners are discussed,

Key words; Mangrove crab, Chasmagnothar comoeus, Larval development

Introduction

Chanmagnathus conpexus (De Haan) is an estuarine, semiterrestrial sesarmine crab
that lives generally in burrows constructed on the river bank or in the reed marshes
above the high water mark (Nukasone & af 1982, Islam & of 2000), Like many
freshwuter or tervestrial taxa that have colonized in land from the marine environment,
their larval development is either abbrevisted or harching directly from the eggs
{(Rabalsis and Gore 1985). Baba and Fukuds (1972) described the complete larval
development of this species, but the illustrations and descriptions are inadequare for
companson with other species of the genus Chasmagmoerio: as well as species of sesarmine
erabs. Boschi ef wl. (1967} and Green and Anderson (1973) described only the first zoea of
€. gramulata and C. laevis, respectively. Considering the ecological imporance of this
species in the estuarine eavironments us well as mangrove ccosystems, the present study
was conducted to illustrate and deseribe all the larval stages of C compenns in detail, and
w compare them with previously studied characters of the lavae of other species of
Chasmapnethus and other sesarmine crabs.
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Materials and methods

An ovigerons Chasmagnailig contexis female measuring 36,7 mm carapace length
and 42.3 mm carapace width, was captured from the salty spring of Waku River (hank of
this river sparsely covered by mangroves), the aorthem part af Okinawa Islend, Japan,
an 15 DecernberS8. The female was brought 1o the Laboratory and maintained in a
plastic tough containing seawater of 20+ 1 ppt salinity, with moderate serbon @
supply air and 1o circulate the seawater, Seawater temperature ranged from 17.3 to 119°C
during the experimental period. Water wis changed daily until the eggs hatched into the
znese. The female was fed with the meat of tiger shomp 2nd short-necked clam.

Hatching occurred within nine days after collection. Among the newly hatched
larvae, the 200 mosi photopositive and active zoee were pransferred inte L-liner
capacity plastic howls coveped with black paper on the purside, and then reared under
the same conditions s the ovigerous female. The water wus gerated and half-renewed
daily. Temperature wis not controfled, rnged from 16.6 to 21.8°C. Zoeae were fed daily
with newly haiched nauplii of Aremue. In addition, finely chopped meat of the short-
necked clam was fed to the megalogp.

Specimens used for dissection and identification of stages were preserved in 3%
ethyvliene glyeol solution, Larvae were dissected under a binocular sterenmicTosCOPe
{Nikon SMZ-10). Drawings and measuremcnts wers make with a profile projecior
iNikon Profile projector V-12) and an optical microscope {Mikon FDX-35), At least 10
specimens of each stage were examined. The chromatephore pattern was determined by
the abwervarion of Hving larvae,

Methads for measurements of larval stages and descriprions of sefal armangements
were adapted from Konishi and Shikuanl (19987, Clark e al. (1998), Ingle (1%92), Lago
(19897, Hong (1988}, Pohle and Telford (19515 and Rice {1979). Messurements taken
were: (1] the distance berween the tips of the dorsal aad the rostral spines for tetal length
{TL) of zoeag, (b) the carapace length (CL} from the base of the rostral spine to the
pasterior margin of the carapace of zoese and the distapce between the tip of the rostmul
spine and the posterior margin of the carapace of megalopa, {c) the carspace width (CW
at the widest point of the carapace of megalopa, (d) the dorsal spine length (DL} of zoeae,
(&) the rosteal spine length (RL) of zoeae, (f) the lateral spine length (LL) of 2oeae Setae
of appendages were counted from proximal wo distal segments. All fearures illustrated
belong to the same specimen. The illustrations of appendages corvespond to the e side
fram which the appendage was viewed under the microscope. Specimens of all larval
stages and the female C conpexus have been depusited in the Laboratory of Marine
Fisheries, University of the Ryukyus, Okinawa, Japan.

Resuits

Hatching of C. comoexus larvae occurred on the mormning of 3 Janoary'99, and the
larvae attained the megalopal stage at 24 days (ranged, 22-28 days) after passing through

170



Larva! development of sesmrmime crah ©) coeoerms

four zoeal srages. Many larvae died during metamorphosis. Messurements of typical
zocal fearures and larval duration are summarnized in Table 1. The morphology of the
first zoea 15 described in detail, but only momphological chanpes are given for subssguent
larval sgapes.

Table 1. Measurement {mem) of various meristic charmcrers with duracion {day]
of larval stages of Chomagmarkng coneom

Characters |* zoca T zoea 3 zoea 4% zoea 5 zoea
Carapace lengih 0524001 &1 =002 0434103 LI | K11 1.7 340.02
Carapace width - - . L.27+0.03
Total length 1. 360002 13240, L5802 183003 -
Dorzal apine lenpth (0, 354001 A 44H10E LA3HL0] (. TR=L02 -
Bunsreal spine lengih 0. XxHki3 1k 23H0.0E (.3EHL02 ES1HLOE =
Latesal spine length 0.0 01100 0.1 54002 0. 19001 .
Larval duration TAZADS G005 620003 609005 6.2840.01

First Zoea (Fig. 1)

Color: Brownish or pinkish gray chromatophores on posterior base of dorsal
carapace spine; posterolateral surface of carapace, base of antennule, basally on
maxillipeds, mandible, base of lateral and dorsal spines, each abdominal segment and
telson. This chromatophore pattern applics w all zocal stages.

Fig. 1. First zoes of Chasmagnarkss convexus. A, lateral view, B. antennule, C. antenns, D.
mandible, E. maxillule, F. maxilla, G. 1" maxilliped, H. 7 maxilliped, I ahdomen and rclsen
{korsal wiew],
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Carapace {Fig. 1A); Subrriangular, smooth. Dorsal spine swout, smootl, tspering
uniformly o a point, extending posteriorly, Rosial spine straight, smooth, tapered,
directed downwards. Dorsal and rostral spines shorter than carspace length. Lateral
spines present, shorter and more slender than preceding two spines. Pesterolaeral
prargin with 7 pairs of minute denricles. Eyes sessile,

Antennule (Fig. 1B): Exopod unsegmented and coniczl, with 4 terminal aestherascs,

Endopod shzent.

Antenna (Fig. 10 Protopod cvlindrical with prolonged spinous process, APLOOUS
process terminates at middle of rostrum, 2 rows of denticles internully and exrernally.
Exopod messering 23 of spinous process, with 2 short setac placed at distal third,
Endopod absent.

Mandible { Fig. 1D): Incisor and melar processes differentiated; incisor process with
3 large teeth; molar process cylindrical; its mastcaory surface slightly hollowed.
Mandibular palp absent.

Muxillule { Fig. 1E): Coxal endite with 5 plumodenticulate sctae. Basial endite with &
plumndenticulate  serae. Endopod 2-segmented @ proximal segment with 1
plumodenticulate seta; distal segment with | subterminal and 4 terminal sparsely
plumose setae. Coxoped naked,

Maxills (Fig. 1F): Coxal endite bilobed, with 4-+3 plummodenticulate setae, Basial
endite bilobed, with 5+5 plumadenticulate setae. Endopod bilobed, with 2+2 sparsely
plumase setae. Scaphognathite with 4 highly plumose sctae and eJongae distal process.

First maxilliped (Fig. 1G): Coxopod naked Basipod with 2 medial
plummodenticulate setae; armanged 2, 2, 2 and 2. Endopod S-segmented: proximal
segment with 2 simple setae; segment IT with | simple seta and lsparsely plumoss setd;
segiment IT with 1 sparsely plumase sera; segment IV with pair of sparsely plumose
setne: disral segment with 1 subterminal simple and 4 terminal spursely plumose serze.
Exopod 2 segmented @ proximal segment naked; distal segment with 4 terminal natatory
plumnse setae. Third maxilliped and pereiopod buds: poorly developed beneath the
carapace.

Abdomen and telson (Figs. 14, [ Abdomen consists of 5 somites: somite 1 almost
covered by carapace and naked; somite 11 with a pair of latersl spine directed antriorly;
somite II1 with a pair of srnall lateral spine divected posteriorly; somite IV with a pair af
laterul spine directed posteriorly, which is larger than thar of somice 1115 posterolateral
margin of somite V with feeblypointed minute spine. Segments -V each with a pair of
minute simple setae. Pleopod and uropod buds absent. Telson bifurcated; forks curved
dorsally, comnua slightly curved dorsallvon distal section. Posteromedial margin with
medial notch and 3 pairs of plumose setae. Inner margin of fork finged with fine setae.

Second Foea (Fig. I)
Carapace (Fig. 2A): Same as first zoea, but eves stalked and mobile.
Antennule (Fig. 2B): Exopod with one adiditional sestherasc,
Antenna (Fig. 2C) and Mandible (Fig. 2D: Same as first zoea, bur ditferent in size.
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Maxillule {Fig. 2E); Coxal endite with 6 plumadenticulate setae. Basial endite with §
plumodenticulate serae, One highly plomose seta added an dorsal margin of coxopod.

Maxilla (Fig. 2F): Coxal endite bilobed, with 343 plumodenticulate setac, Basial
endite bilobed, with 6+4 plumodenticulate setae. Scaphognathite with & highly plumose
setae separated into anterior (5 serse) and posterior (3 serae) groups,

First maxilliped (Fig. 2G): Distal ssgment of exopod with 6 terminal natatory
plumose setze.

Second maxilliped (Fig. 2H): Distal segment of exopod with 6 rerminal natatory
plumese setae,

Abdomen and relson {(Figs. 2A, T): One plumose sets added on somite ] medially.
(e pair of plumose setue added on posteromedial margin of relson.

Fig. 2, Sewond zoes of Chasmopnathss coneexns. A, lateral view, B. antennule, C. anrenma, [
mandible, E maxillale, F, maxilts, G. 1" maxilliped, H, 2 mexilliped, 1. abdemen and telasa
(dorsal view),

Third Zoea (Fig, 3)
Carapace (Fig. 3A): Eyes fully stalked. Other characters same as second zoea.
Antennule (Fig. 3B); Exopod with one additional gesthetasc.
Antenna (Fig. 3C): Endopod buds 2/3 as long as the protopaod,
Mandible (Fig. 2D}; Same a5 second zoea.

Mazillule {Fig. 3E): Coxal endite with 7 plumodenticulate serae. Basial endite with 9
plumodenticulate serae,
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Maxilla (Fig. 3F): Coxal endite bilobed, with 6+4 plumodenticulate setae. Basdal
codite bilobed, with 7+4 plumodenticulate setae, Scaphognathite with 19 highly
plumose setae,

First maxilliped (Fig. 3GY% Setation patte on endopod changed: segment T with |
simple scta and 1 spamely plumose seta; segment I with 1 simple and 2 sparsely
plumose setae; 1 plumose seta added on distal segment subterminally, Distal segment of
exvpod with 8 termingl natatory plumese setae.

Second maxilliped (Fige 3H}) Distal segment of exopod with & terminsl netatory
plumose setae,

Third maxilliped and pereiopods (Fig. 31): Buds of third maxilliped and firse-fifth
pereiopods present underneath the campace.

Abdomen and Telson (Figs. 34, Th Consists of 6 somites. Sixth somite shorter than
broad with smooth posterclateral margin, and paked. Small pleopod buds present on
somites [1-Y, Apparent length of telson reduced by formation of somite VI

Fig 3. Thisd zoea of Chommogeathns comvexny, A, lsveral view, B, antensule, €. anvenna, D
mendible; E. maxillale, F. maxilla, G. 1 maxilliped, H, 2™ maxilliped, [ abdomen and celson
(ventral wieo,

Fourth Foea (Fig. 4)
Carapace (Fig. 4A): Same os third zoeq, bur different in size, Dorsal spine relatively
more short than the previous stage.
Antennule {Fig. 4B} Endopod present us small bud, Exopod with & aesthetascs,
Antenns (Fig. 4C): Endopod elongate 4/5 a5 long as the protopod.
Mandible (Fig. 4D%: Mandibular palp present ss small bud.
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Maxillule (Fig. 4E}: Coxal endite with § plumodenticulate setae. Basial endite with
11 plumodenticulate sctae,

Maxilla (Fig. 4F); Coxal endite bilobed, with 6+4 plumodenticulute setae. Basial
endite bilobed, with 7+5 plumodenticulite setae. Scaphognathite with 32 highly
plumose selac.

First maxilliped (Fig, 4Gy Distal segment of exopod with 10 terminal satatory
plummose seae.

Second maxilliped (Fig. 4H): Distal segment of exopod with L terminal natatory
plumose setac.

Third maxilliped and pereiopods (Fig. 41): Third maxilliped bud Rurther developed
beneath the carapace, Pereiopods buds (firsi-fifth) mere elongate, segmented
incompletely, Gill buds of Ars-third pereiopods appesnng beneath the carapace.

Abdomen and Telson {Fige. 4A, [): Pleopod buds on sbdominal somires I1-V further
developed and partially segmented larerally. Uropod present as small buds on somire V1.
One pair of plumose setae added on posteromedial margin of telson.

Fig. &. Fourth zom of Chesmaogeathnr cowoesus, Ao lawersl view, B, antennule, C. apteona, D,
mandible, E. maxillule, F. mavilla, G. 1" maxilliped, H. 7™ maxilliped, 1. abdomen and telson
{ventral view)

Megalopa (Fig. 5, 6}

Carapace (Fig. SA): Subrectangular and smooth, longer than brosd, narrowing
anteriorly, ending in 2 small rostrum, slightly extended forwards and bent downwards,
ordinary sites of lateral and domal spines shightly elevared and esch with 2 minute spine.
Orbicular edge wide and smooth, A number of small simple setae scartered on dorsal
surface and on posterior margin. Eyes larger than the last zoeal stage and stalked.
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Fig. & Megslops of of Charmagmadine poroeras. A, dorsal view wview, B. antennube, C. antenna, O,
mandible, E. maxillule, F. maxilla, G. 1% maxilliped, H. 7 masiifiped, L 37 masilliped.

Antennule {Fig. 5B): Peduncle 3-segmented; enlarged basal segment with 4 simple
and 3 hasal sparsely plumose serze; seament IT with 4 simple setae; distal segment with 4
gparsely plumnse serze. Flagellum 4-sepmented: proximal segment naked, segmen: 11
with 2 aestherascs; segment ITT with & sesthetascs and 1 plumaose seta; distal segment
with 6 aesthetascs

Antenna (Fig. 5C): Consisis of 10 segmenis; with a setation of 2,2, 2, 0,0, 4, 2, 3, 3,
3; iseal four segpments with long setae,

Mundible (Fig. 3D0: Molar process with sharp curting edge. Palp 2-segmented:
proximal segment naked; distal segment with 9 short plumose secie.

Muoxillule (Fig. 3E): Coxal endite with 20 plumodenticulute, shom plutnose setae,
Basial endite with 27 plumodenticulate, short plumose setie, Endopod unsegmented,
with 3 simple and 2 spamsely plumose setae, Basipod naked.

Maxills {Fig. 5F): Coxal endite bilobed, with 10+4 plumodenticulate, shor plumose
setae. Basial endite bilobed, with B+9 plumodenticulate, shor plumose setag, Endopod
unsegmented, with 3 shorr plumose setac basally, Scaphopnathite with 55 highly
plumose seise on marginal and 5 simpls setae on external surface.

First maxlliped {Filg. 5G): Coxal endite with 13 plumadenticalate, short plumose
getae. Bagial endite with 10 plumodenticulate, shorm plumose setae. Endopod
unsegmented, with? simple serse subrerminally and 3 sparsely plumose setae distally.
Exopod F.segmented: proximal segment with 2 highlvplumose setae distolaterally; distal

176



Larvul development ol sssarmume efab O conessur

segment with ¢ long plumese setae terminally, Epipod toangular, wirhyl2
sparseivplumose setac.

Secend maxilliped {Fig. $H): Basally with 2 plumose setae. Endopod 4-segmented:
proximal segment with § plumose sétae. Exopod 2-segmented : proximal segment with 1
simple seta; distal segment with § long plumose setse terminally, Epipod absent

Third maxilliped {Fig. 5I}: Endopod 5-segmented: proximal segment with 13 shor
plumese setae; segment [T with 2 simple and 7 short plumose setae; segment 111 with 3
simple and 3 plumese setae; segment IV with 4 simple and § plumese sawae; distal
segment with 4 plumose setae terminally. Exopod 2-segmented: proximal segment with2
simple and 3 plumose setae; distal segment with 4 highlyplumese setae rerminally. Coxa
and basis fused. Basiped with 19 plumedenticulate setae. Epipod elongare, with 28+13
sparscly plumose setac. Podobranchwell developed, with gill filiments.

Pereiopods (Figs. 6A-E}: Chelipeds (pereioped ) subequal, with spine directed
ventrally on ischium, chela with frontal sooth and irregular cutting edge. Pereiopods L1-
IV similar in structure, dactylis wpering diseally, slightly curved ventally, with several
scuttered plumose, plumodenticulare, denticnlate and simple setae on surfaces. Dactylis
of peretopod ¥V with 3 long terminal serrate setae, surface with several scartered plumose,
plumodenticulate, denticulate and simple setae.

Abdomen (Figs. 6K): Conaists of 6 somites: somites [1-V each with posterior sharp
pointed ventrolateral projections, in somite V i reaching 2/3 length of somite VL
Posterior margin of somite VI smooth. Somites I-VI with 3, 4, 6, 6, 6 and 3 pairs af
simple setae on dorsal surface, respectively.

Fig. . Megalopa of Chasmapnaias comcana, A-E pereiopads, F-L [ ¥ 4t pleapeds, J. wropaed, K-1-
abdomen and telson (dosal viewy
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Pleopods {Figs. 6F): Two-segmented, developed 1o main natatoridl appendages.
Endopod of pleapads I-1V each with 3 cincinnuli distolateratly. Exopod of pleopods [-
IV, with 20, 1%, 19 and 18 plumase setae, respectively.

Uropod (Figs. 6], L): Uropods 2segmented : proximal segment with one external
plumese seta laterally; distal segment with 11 plumose setae,

Telson (Figs. 6K, L} Posterior margin oval shaped and smooth, distinctly longer
than semite VI, with 6 simple and 4 plumoge setae medially on posterior rEin.

IMscussion

The overall morphology of the first zoea of C. conerus agrees very closely with the
other species of the genus Chasmagrerhus as well as the genus Heliee having lateral spine
on the carapace (Boschi ot af. 1967, Green and Anderson 1973, Mia and Shokita 1996,
1957], In comparison with larvae of two sabspecies of Felice, which are the most related,
the fourth abdominal somite has 1 lateral spine in C. conzexus and in . ridens, but it is
lacking in M, wiana (Baba and Moniyama 1972} Oialy 2 distinct character berweosn zoese
of this species and the two subspecies of Helice is the presence of a paired or single setae
near the distal portion of the exopod of the antenna; the setac are single in the two
subspecies but paired in C. comvexns, In the setation on the telson, the first and final
soeae of both €, compexus and the subspecies of Helice show the same formulac, 3+ 3 and
£45 respectively: bt in the second zoes the setarion remains as 343 in MHelice subspecies
whereas it advances to be 444 in C, convexas (Baba and Morivama 1972), The zoeae of
Chasrnagnathus species ave readily distinguished from those of other species of the genus
Perizezarma, Neasarmatiun and Sesarma by having lateral spines on the carspace (Islam
and Shokita 2001, Lago 1987, 1989,

The zoea larvae of the family Grapsidas have been divided into four groups on the
basis of their morphological characters (Wear and Fielder 1985, Rice 1980). The first two
groups are relatively homogeneous and well defined. and correspond ronghly wm the
subfamilies Grapsinae and Plagusiinae {Lago 19934, b}. The other two groups COMpTise &
rather heteropeneous armay of morphological charscteristics (Wilson 1980), and include
genera from the subfamilies Sesrminae and Varvninse(Wear and Fielder 1485), From
the study of Mew Zesland larval grapsid representatives. Wear and Fielder (1%85)
concluded that separation of the latter two Jarval groups could not be justified, and
lumped all larval sesarmine and varunine together into a single subfamilial division.
Lago (19%3a) arrived a1 the same conclusion from the analy:is of moath pans SEIATION
parterns in 37 sesarmine and varunine species.

Lago (1993a,b) classified the genera Ssarma, Ararws, Merassurema, (including here
within Seserma Sercne and Soh’s, 1970 genera Persesarnn, Sevarmops and Bresadeum ), and
possible Negrarmatium (revised by Davie 1994) into a distinet larval subgroup within the
sesarmine-varunin group. A second larval subgroup identified by Rice (1980) within the
sesarmine-varunine group includes the geners Chasmagrathus, Helice, Cyelograpas,
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Hemgrapsus, Helograpsus, Hereragrapeus and Ericcheir, This indicates the same degree aof
homegeneity as that observed in Helice, Sexarma and allied genera | Lugo 1%93a, bl

The derziled megalopal descriptions of species within the sesarmine-varunine group
have been described poorly, and intergenic comparisons are premature. However, given
the known characreristics of megalopa of the genera Serarma, Perizesarma, Nevsarmarizm
and Helice, a tentative definition of the megalops of C. comterxs may be based on the
following characters: antennule lacking inner flagellum; antennal seventh segment
always with two, stout denticulate terminal setze; distal segment of the mandibular palp
with more than eight setae; scaphognathite of the maxilla with about 55 highly plumose
and 2-4 simple setae; second maxilliped Jacking epipad, and endopod almost always with
3,1.6,8 setae; and distal segment of urapods with ten or eleven setae.

In the megalopa stape no distinct differences are noted in the member of
Chasmagnarhus, Helice, Sesarma, Periserarma and Nessarmativm of the sesarmine-varunine
group (Mia and Shokit 1996, 1997, Islam and Shokita 2000, 2001}, The sewtion of
pleopods of Chasmanetius 15 near to that of Helice species. The megalopd of €. connerus of
b readily distinguished from other sesurmine ceabs by the setal formula of the following
structures: endopod of the first maxilliped; exopod of the first and rhird maxillipeds.
The present results do not support the use of larval description of the subfamilies
Sesarminae and Varunine, at least with their present generee composition,
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Absiract
The qualivy aod shelflife of three freshwater fsh specics of Bangladesh, citln {Canle
caria), magur (Clarae batreckus) and tilapia (Ovecchromiz ndoricas] stored &t room
vemperamare and iee wore evaluated. Live fishes were killed by crunial spixing and susred
At room emperature (27-30 %2, ice erored immedtately after death, 5 hr afier death and
It hr after death. The shelf-life and qualicy of the fshes were evaluated by organclepric
methad, figor-mertis studies and bacteriological assssment

Fishes kepr at room temperitune became organoleptically unacoeptabie within 16-20
br duration, [oe stored fshes shawed considerable differences in their shelflife when
icing was delayed for different duration. Shell-life of cada foe stored immediately afier
death was 20 days bur shebf-life reduced to 12 days when icing delaved for 10 br after
dearh. Similar trend was abserved for two ather fish species magur and rilapia. Rigeo.
imdex of the fishes stored under different conditions alke considerably varied among the
three fish specics, particulorly effect of delaved icieg wes very much evident
Bacterialogical smdy showed patterns of Acvobic Plare Count [APC) at the end of shelf-
lifie szudly when fishes became arganalepiically unaccepable were swre or less similar for
all the three fish species swred under different conditione Mo definite pattern was
observed in the generic distribution of bacteria in different fish species under different
storage condivons. Miceeoccus, Corvoeforms, Prevdommonas and Achromodocier were the
dominant groups of bacreria isalaved from the fishes spofled at room temperamee and ice
stored condition

Key words: 1cing, Shelf-life, Freshwater fish

Initreduction

Fish is a very perishable food item. Teing has been considersd immemaorial days 1o
delay the post-monem changes in fish and keep the quality better. Since maost of the
pevple invelved with fish harvesting and rrading In this country are ignorant of the
concept of quality during handling of fish, the longer shell-life of these ice stored figh is
not achieved as would have been expecred.

The shelf-life of ice stored fishes are dependent on proper handling like icing
method, adequare aid optimum ratio of fish o jce, insulating marerial of the conrainer
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and most imparanily promp icing after harvest, Delayed fcing is an impertant factor
which i responsible for shormer shelf-life of fishes. But unfortunarely very little research
has been carred our on this pamicular topic in this country, Nor only that, few
published reports are available on the shelf-life of ice-stored trepical freshwater fish,
Bhattacharya (19907 and Bandvopadhay (1956) reported the shelf-life of Clanas barmachaes
and Catla cotfa vespectively under various sworage conditions. Rubbi er al. (1985) also
studied the shelf-life of six freshwater fish species in different stotage emperatuns and
container used. Ramachandran er af. (1990) reported that delay of few hours in icing of
hilsa afer carch considerably reduces the shell-life,

This paper repors the effect of delayed icing on dgor-morts, shelf-life and
bacteriological changes in three commercially importunt freshwater fish species.

Materials and methods

Fish samples

Three freshwater fish species catla (Catls cadla)), magur (Clerias barrachus ) and tilspia
{Oeochromis nifoticus) were obrained either from local fish farm or from local fish market
and pur in an insulaced box with chilled fresh water w transfer w the laboratory. On
arrival to the laboratory fishes were killed by cranial spiking and kepr either at room
temperature or in ice in an insulated box in the mtio of 1:1 (fish: ice) immediately or
after 5 and 10 hr exposure to the environmental tempecature. The samples were aken
ol from ice ar different time inrervals 1o decermine the quality of fish by organolepric
evaluation, assessing the progress of ripor-morids and by bacterlological evaluation.

Ouality assessmant

The guidelines and methods used here are based on the scores on the organoleptic
chamcteristics of fish ss described by European Commission (EC) freshness grade for
fishery products {Howgate or af, 1992) with some modification.

Ripor-index of the fishes were measured according to Baio er ol (1983) and used as
parameter of rigor wension. At selected time intervals, rigor-index was calculated by the
following equation:

oI
Rigor index (%) = ——— x 1K
o
Where Do and D are the distances of the base of caudal fin from herizontal line of the
table at the start and ar subsequent periods, respectively,

The muscle of the fish was collected aseptically ar the end of shelf-life study,
weighed and blended in a sterile blender. The stock suspension of the muscle was
prepared by homogenixing 10 g of sample with 90 ml of physiological saline ({.85%
WaCl). Aerobie plate count (APC) expressed as colony forming units per gram of fish
muscle (CFUg) of the representacive samples were determined by consecurive decimal
dilurisn methad using plate count agar (Hi media},
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For qualitative sudy, bacteria obrained during APC were isolated from the agar
plates. All the colonies from a plate having discrete colanies were removed and obtained
pure cultured by streaking and restreaking on to fresh agar plates and finally transferred
0 ugar slants, The bacrervial isolares were claszified up to genus level according to an
sutline of the sequence of tests wsed in the sereening of cultire as described by Shewan ot
al [1960),

Results and discussion

Organcleptic studies

The effects of delaved icing on the shelfilife of thres different species of ice stored
fish w5 determined by organolepric evaluation is shown in Table 1. Fishes kept in ice
immediately after cawch showed longer shellilife than those stored in delayed icing
irrespective of species. Tilapia and magur were found in acceptable condition for 18, 12
and 10 days for immediate icing, 3 h and 10 b delayed icing respectively before they
become organoleptically unacceptable. Carla showed stemilar trends of shelf-life and was
found in acceprable condition for 24, 14 and 12 days for immediate, 5 b and 10 h delayed
icing l‘Eﬁ.‘pl:t:[!"l.'cl.‘!r'.

Table L Effect vl delayed icing on the shell life of catls, magar and lagda Gdh

Species Tce swored immediataly Ice swored 5 hr after Tee stored 10 hr after
after carch death deark

Catla 20 days 14 daws 12 days

Magur 18 days 12 daws 10 days

Tilapia 18 days 12 days 10 days

T'he parerns of organolepric quality changes observed here with all the three fish
species in all storage condirions were quite similar, The pattern can be divided in 10 4
phages corresponding to period of G ro 4, 4 w 12,12 to 16, 16 1o 20 and Do 3, 3 10 6, 6 1o
10, 10t 14 and 010 3, 3ta 6, 6 wo 10, 10 to 12 days in ice in case of immediate icing, 5 h
and 10 b delayed icing respectively. In phase 1, the fishes except 10 hr delayed icing
were fresh and in excellear quality with a specific taste and natural flaveur and edour. In
phase 2 there was a linle deterioration apart from slight loss of natural faveur. In phase
3 signs of early spoilage were evident with sour off-flavour but the fishes were judged as
scceptable quality. In phase 4, the fsh begin 1o tasic sale, 115 appearance and texture
begins o show obvious signs of spoilage, and the sbdominal cavity had unpleasant smell,

The shelf-life of fish varies from species to species, size, their chemicul composition
and wmbient temperature in which the fish are kept. In the present study, catla had
lonuger shelf-life than tipalia and magur. This result is in agreement with Bandopadhyay
et al (1985), who reported that bigger sized fish have berer ice storage life compared 1
smaller size one. The effect of deluved icing on the loss of shelf-life in all fish species was
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very obvious here. It was found in the present sudy that for every hour delay in icing
shelf-life reduced by almost one day. This is due o inital quality loss during exposure of
fishes ot ambient temperature between 27 and MPC. Thomas and Methen (19%3)
demonstrated that the shelflife of Indian Scad (Decaperus mmell) were for 2, 1 and less
than 1 day for 3, 6 and 8 h delayed icing respectively.

The pattern of quality changes ohserved in the preseat smdy is almost similar
that reparted for the ice stored Codfish (FAOQ 1975). Faruk o al. (1998) reported that
rohu fish (Labso rokiza’ stored in fce in an insulated bost immediately after catch had a
shelf-life for 20 days. Hilsa fish (Hiliz ilisha) remained in gcceprable condition up 10 18
days when stored in i¢e in an insulated box immediately after catch while they wene
found acceptable up to § days when obtained from local market and stored in ice in
wooden box (Kumal & al, 1994). Bandvopadhyvay {1986) suggested that Cera catle and
Lahea fimbrigtaz could be kept in ice for 18 days before it becomes unacceptable.

Rigoranorti progress in fizhes

Rigor-index of catla, magur and tilapia atored ar room temperature (27 o 30°0 ), lce
stored immediately after death, § hr after death and 10 hr after death are shown in Fig 1,
2, % and 4 respectively. Rigor started within 15 min after death in fish stored both in
room temperatare and in ice. However, the progress of rigor-mortis was more rapld a1
mom temperature than in ice. Rigor mortis of catls, , magur and tilapia kept at room
tempernture attained full fgor (100%) after 8, 4 and § hr respectively (Fig. 1) The state
of rigor at this level continued for 2, 4 and 1 hr respectively and then stared to relsx
from rigor. Complete relaxation occurred after 20, 70 and 16 hr of storage for catla,
magur snd tilapia, respectively. Ar this stage the fish emitted an offensive odour.

The fishes kept in ice immediately after death attained full riger after 4, 2and 2 h
respectively {Fig 2). The state of eigor 2t this stage continued for 8, 16 and 12 hr for
catla, mapur and tilapis, respectively and then starred to relax from rigor. Complete
relaxation occurred after 120, 112 and 104 hi of ice storage respectively without showing
any perceptible sipn of spoilage. Under this condition the shelf-life of these fishes were
10, 18 and I8 days for catls, magur and dlspia, respectively according to organoleptic
evaluation, In case of delaved icing when catla, magur and tilapia were stored in ice 5 hr
afier death, the progress rate of rigor-mortis was faster (Fig. 3) than that of fish stored in
ice immediazely after death. The fishes attained full rigor within &, 6 and 4 hr and this
stage continued for 8, 14 and 10 hr respectively, and complete relaxation occurred ar 102,
92 and 88 hr respectively for catla, magur and rilapia.  Under this storage condition the
shelf-life of these fishes were found in acceptable condition for 14, 12 and 12 days
respectively. Again, when the fishes stored in ice st 10 hr delay after death, arained full
rigor after 10, 6 and 4 hr (Fig. 4). The state of rigor ar this stage continved for &, 10 and
# hr respectively and then starmed 1o relax from ripor. Complete relaxation occurred after
9, B4 and 76 hr nmpectively withour showing any perceptible sign of spoilage. The
shell-life of these fishes was 12, 10 and 10 days cespectively according to organoleptic
evilluation.-
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The above results showing u general trend that delay in icing makes full rigor period
shorter and time required for complete relaxation from rigor alse become shorter. A
study showed that Selus leptolepsic, whether iced 9 hr or 12 hr afier landing resulted in o
shelf-life of eight days (FAO 1985} There are many factors that are responsible for the
progress of rigor-mortis such as species, size, and catching method, handling of the fish,
temperarure and the physical conditon of the fish, Among them rigor-mortis is known
to be dependent mostly on temperarure that influences the onset and the rate of progress
of rigor-monis. Although it is generally acceprable that the onset and duration of rigor-
moris is more rapid at high temperature and on the other hand lower temperature
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delays the rigor-mortis progress. Several fish species such as tilapia, red sea bream and
plaice have recently been reported to shorten their pre-rigor periods when stored in ice
{Poulter o al, 1981, Iwamoto and Yemanaka 1986} In the presear study, rigor-mortis
progress rate was found much faster in fsh held av ice (0°C} than thac of fish held ar
room temperatuzre and for that the shelf life of fish was short ot room temperature.
Comparatively full rigor period lasts lenger in magur than tilapia and catls. It ts clear
that immediate icing of fish shortened the pre-rigor but slows down the rate of progress
of rigor-mattis.

Bacteriological study

The result of the serobic plate count [APC) in muscle after ghelf-life smudy of catla,
magur and tilapia, kept at roeom remperarure, in ice immediately after death, 5 br and 10
hr delay after death are shown in Table 2. Fishes kepr ar room temperafuré were
organoleptically unacceptable after 20, 20 and 16 hr after death. A1 this time, the APC
per gram fish muscle was 1.5 x10%, 2.28 x10°, and (.65 x10° CFL/g respectively. The
fish kept in ice immediately after death were had shelf-life of 20, 18, and 18 days
sespectively and the APC per gram of fish muscle at thut point were 0.98 x10°, 0.27 x10°
and .53 x10° CFU/g respectively, Fishes iced after § hr of death and stored in 4n
insulated box were organeleptically unacceptable after 14, 12 and 12 days respectively.
At this time, the APC per gram of fish muscle was 0.82x 10%, 1.92 10" and 1.20 x10°
CFU/g respectively. Fishes iced after 10 hr of death and stored in an insulated box were
organoleptically unacceprable after 12, 10 and 14 days respectively. At this rme, APC
per gram of fsh muscle were 0.48 x10°, 0,41 %107 and 0.98 x10° CFU/g respectively.

Mo definite wend could be observed when compared the spoilage pattern of these
fishes under different storapge conditions. The highest bacrerial load was found in magur
spoiled a1 room temperature, on the other hand lowest bacterial load was found i mague
spailed ice during storage when icing was done after 19 hr of death of the fish. Generally,
bacterial load was lowest in the fishes speiled during ice stored condition when iced 10
hr after death of the fish and highest load was found in fishes spoided at room
temperature. The resuls of this study indicare thar mesophilic spoilage bacteria involved
in higher numbers during spoilage at low temperanure. This may be due to the fact that
miesophilic spoilage grows faster than the psychrophilic one.

Tablbe 2. Acrobic plate coune (APC] of wee stored catla, magur and tilapis
mascles at the end of shelf Life soudy

Fish sample Sgored at ooy Tee srared Lze stared 5 e lce stoved 10 hr
Lemp. immediaeiv after afier death after cleath
APCIg catch AP APCig ATC/E
Carla 1.54x10" {28107 0.82x10° 48z 00"
Magur 2.28x10 0.27x10° 1.92x10° 041007
Tilapia 0.65x10° 053x10° 1.20x10° 098x10"
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The getierle distrbution of bacrema (%) in the muscle of fishes spoiled at rosm

temperature and in ice 15 shown in Table 3 A woral of 98 bacterial isolates were obtained
frotm the spoiled fsh ot room temperature among them 19 isolates from tilapia, 36
izolares from magur and 23 isolotes from catl. CGenerally, 2 wial of six different bacrerial
genera were identified and Mrocorcur was found o be the most dominant group
followed by Coryneforms and Predomoray, The other genera found were Achromobacer,
rutermbacteracene and Flapobaoteriem but no Baslhe: was found. In case of fish stored in
ice immediagtely after death, 3 total of 100 bacrerdal isolaves were recovered from the
spoiled fishes. Among them 50 isolates were obrained from tilapia, 32 isplates from
mague and I8 isolates from catle. The bacrerial genera recovered form the fish kept at
oo Temperaruee were also found the ce-stored fish, Isalares from ice stored tilapiz and
magur indicated an overall dominance of Coryneferms and in catls Ackromabacter was
found 1o be the most dominant groug.

Tablke 3. Generlc discributon of Bactesia () lsolawed from cacka, magur and
tilapia spoiled ar poem wemp. and ice siorage

Fish Microcwerns Corvne  Enero- Poendoe  Achromo  Flavabse Noo  of
_sample farm bacterisome  monas  bacter Lerium tanlers

Spaled at room temp.

Catla #3147 43 ] Ene 1739 ¥ L]

Magur 73.21 14.28 1.78 7.14 0 357 56

Tilapia 57.87 5.TH i 10,52 1278 1t 19

Spoled ar ice sworage

Catla E 1L ] i 50 L1} el

Magur AT Had .25 B.25 135 Ll 3z

Tilapia 20 il i 0 _ ¥ 5 50

There are only few repors available on the bacterial composition of tropical
freshwater fish. Liston (1980} reported that warm water fish carry mostly Micrococens,
Coryneforms and Bactllur, Faruk o of [(1998) ideorified Mecrococcns, Coryneform,
Prewdiomonay, Flovobacrmium/Cviophaga and Achromobaceer in Labeo rokite ice-stored in
an insulated box. Besides Micrecocens and Coryneform, other genera of hacteris found in
this study were Proudomonas, Flavebacerivm and Ackomobacter, which are commonly
found in fishes of freshwater and marine origin. These bacteria sre recognised as fish
spoilage bacteria and grow well a1 low remperarure {Frazier and Westhoff 19907,

In is known that autolyric spoilage process is more active in the early period and
bacterial spoilage during larer srorage period and this is the predominane factor
influencing organoleptic assessment. It is documented that the bacterial spoilage of fish
does nor begin until after rigor-mertis, where juices are released from fesh-fibers
(Frazier and Westhoff 1990). Therefore, the more rgor-mortis is delaved or protrcted,
the longer the keeping quality or sheli-life of the fish.



M. M. Neblar,

Heferences

Buito, M., K. Yamads, ¥. Mikumo and K. Amano, 1983. Swudies on rigor-mortis of Asb-L
Differences in the made of rigos-morts among some varieties of fich by mixlified cuing
meerhocd. Hull Tabor Rog. Fisk., Res, Lob,, 109: 8996

Bundapadhay, |. K., A. K. Chavopadhay and 5. K. Bhanacharya, 1985 Studics on the ice starage
characteristics of commercially important freshwater fishes  fne Harvest and Post-harvess
Technology of Fish. Society of Fisheries Technolngists (India), Cochin, Ind@. pp. AH0-385,

Bandopadhay, |. K., A. K. Chattopadhay and 5. K. Bhatmacharya, 1986 Smdies an the fce storage
charucteristics of Cotle carky and Labeo fombrictns. Fisk Techmal, 23:140- 142,

Bhattacharva, 5. K. and D R Choudhuri, 1990, Swdics on storage charsceeristics of o
barrochas at differeny wemperatures. Pk, Technal., 27; 127129

FAQ, 1975, lee in Fisheries. FALO Fisheries Report, Moo 5% 1-3,

FAD, 1985, Speilage of Tropicl Fish and Product Development. Fisherses Repor No. 317 Suppl. pp 1-3,

Frazier, W. C. and C. Westhoff, 1990, Contamination, prescrvation and speitage of fish and other
wa foods, ;. Food Microhivdogy. 37 Ed, Tata MeGrow Fill Pub. Co. Lid, New Dedhi. pp 243255,

Faruk, ML.ARE., M. Kamal, M.A, Hessain, MRA. Hossxin and MN, Tslam. 1998, Post-maornem
changes in rohu fGsh (Labeo mobhis)Il The Organoleptic, hiochemical o baererinlogical
changet in fish during ice storage in an nsulated o, Benpladesh . Agrl. Se., 25(2): 148-137.

Hoawgate, P. A, B. Johnston and K, ]. White, 1992, Multlingual Guide w EC Freshness Grades
far Fishery Products: Torry Research Smuon, Food Safery Directoraw, Ministry of
Apriculuare, Fisheries and Food, Aberdeen, Scotland,

Iwamots, M., H, Yomanaka, 1986, Remarkable differences in ngor-mortis berween wild and
culsured specimens af the red sca bream Bull, Jopar Sec. Sei. Fish, 312 443244,

Kamal, M., & Ghevasuddin, 5. C Chakraborte, M., A. Hessain, M. A, R, Faruk and M. 1. Hossaln,
1994, Development af improve methods for handliog, vanspormtion and processing of high
quality bilss fish- L Smudies on organeleptic characteristics on the quality changes in hilss
during tee-storage. BAL R, Prog., 8 6410,

Liston, ., 1980, Microbiology in fishery science. fa:  Advances in Fisheres Science and
Technology ¢ ed. [, J. Connedl). Farnham, Suerey, Fishing News {Beaks) Lud.

Poulter, F, &, . A Corman and 1. G. Dasaey, 1980 Chill storage of mopicsl and wenperate water fish-
differences and simsilariges. B Advances in Techoology in the Chilling, Freczing, Procesing,
Searage und Transpart of Fish, Especially Under-usilized Species. Inw List Ref., Perie. pp. 111-113

Rubli, 5 F, M. Muoclebudding M. Begum, M. Jahan, 5 Shamim and AT.A. Abmed, LaEs,
Handling of 5ix Species of Fresh Fish of Bangladesh. FAC Fish, Bep. No, 317, pp. 108-122,

Ramachandran, A., K Badonia and P G. Viswanathan Waie, 1990, Effect of delaved icing on the
microbiological quality af Helsg woli . Fish, Tecknod,, 27; 30-35.

Shewan, |. M., G. Hobbs and W. Hodgkiss, 1060. The Proudomonas and Achromobacr groups of
bacteris i the spedlage of marine white fish. J. Appl. Baci, 13: 463465,

Warabe, 5., H. Ushin, M. Iwsmato, M. Kxmal, H. Ioka and K. Hashimom, 1989, Rigor-mocts
Progress in Sardine and Mackerel in Assoclation with ATP Degradation and Lectae
Accumulation, Bull, Fopam, See, S Fah,, 55 18531535,

{ Manmuserl g pecelved 3 Movember 19959

1848



Bengladeek J Fich, Frs., S{10 21115891 86

Economics of pond fish culture under BRAC supervision
in Mymensingh, Bangladesh
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Mepanment of Agriculiars Sranisio, BALL Mymensingh

* Coenesponding ambor

Abstract

This swdy cxamines the relative profimbility of pond aquaculmre (polyculiuvre and
monoculiure of silver barh) under BRAG supervision in Trishal Upazla, Mymensingh
district in Bangladesh. The resulis of the smdy showed that polyculure was
economically more rewarding than monoculire, though both the farming acrivioes wen
profiuble. Production function analysis proved that inputs such a5 fingerlings, fertilizer,
feed and manure had pesitive impact on ourput, Human labae aod insecticides werne over
ueed. The coefficients had expecred signs and were found 1o be very significant.

Key words: Exonomics, Polyeulture, Silver barh, NGO

Intreduction

Fishery as one of the major sub-sectors of Bungludesh agriculture has been plaving a
significant role in nutrition, empleyment, foreign exchange earning, food supply and
more importantly socieconomic stability in the riral areas.

Bangladesh Rural Advincement Committee (BRACH & repured non-government
nrganization (MGO) working in Bangladesh conducts a number of income generating
programs. Fish culture, smong these programs, is very important ¢ne where many
marginal and/or landless people are mvolved. The main gosl of BRAC fish culmre
program is poverty alleviation through improved nutrition availability and income
generating activity. BRAC undertook fish culture program in Bangladesh in 1984 and
selected Trishal Upazila of Mymensingh district in 1989 for lsunching fish cultre
program. Fish culture under BRAC supervision evolves formation of small groups and
developing an appropriate credit system. BRAC's field workers list the landless!
marginal farmers of the village having land of 0.50 acre or less. After listing, the workers
starm motivation program for the targeted familics. Then they prepare a program of
intensive motivation by forming small groups of § members, Usually 40 persons form a
‘samitee’ or association.
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This paper addresses the following aspects of BRAC fish culture program: i
astimates the profitability of polyculiure and menoculture of silver barb and ii. estimates
the contribution of key variables to pond fish culmre.

Methods

Fhria soderce

Four uniens of Trishal Upazila namely: Boilor, Dhanikhola, Dharikhantal, and
Kanihari of Mymensingh district, located around 15 kilometer south of Mymensingh
district headquarters, were purposively selected for this study. The main reasons of
selecting this area wene;

s There were some successful private fish seed farmers in the area for supplving fry to
the fish farmers.

s  This was one of the areas where there was a heavy concentration of commercial pond
fish culmire.

«  ERAC has been conducring a poverty alleviation program in this area by extending
cradit and technological support 1o the pond fish larmers.

Diara were collected feom primary sources.  Before collecting daa a list of the
farmers of pond fish culture was collected from BRAC office, Twenty-six stocking
ponds, thirteen from each of the rechnologies (polvculture and monoculture), from each
union weee selected using u stratified random sampling technique and thus, total
numbser of participating farmers became 104, A sample survey was conducted by using
set of pre-designed questionnuire o collect necessary primary data. The sudy covered
the whole fishing activities perind of cne year from January to December37.

Analytical technigiie
The collected data were analyzed by using enterprise-costing technique and the
results were peesented in the tibular form with the help of simple statistical measures
like arithemetic mean, percentage and ratio. Cobb-Douglas production finction model
was also emploved to estimute the contribution of key factors.
The general Cobb-Douglus production function model rakes the following form:
Y= AX MY X Horleg ¥ = log A+ by log X, + bylog X+ -— +hlog Xo
Where,
Y = Gross value of cutput (Th'ha)
X, = Cost of fingerlings (Tk/ha)
X, = Cost of fertilizer (Th'ha)
X, = Cost of feed (Tk/ha)
X, = Cost of human labor (Thk' ha)
X, = Cost of insecticides (Th/ha)
X, = Cost of manure {Tk'ha)
A = Constant or intercept value
b, = Production coefficients to be estimated
i = 12y

1590
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Resulis and discussion

The profitabiliey analyses of pely and monoculiure were done on the basis of full
cost. All input fvems bath family supplied and purchased were valued ar the current
market prices of the inputs.,

Producreon cost in polycelture

Cost of production per hectare per veor for polyveulmre by Ioctions iz shown in
Table |. The table mveals thar the per hectare cost of pond fish production For
polveuliure stood at Tk 82,516 for all locations, The analyvsis showed that per bectare
costs were Tk 832,182, Tk 81,23%, Tk £2,404 and Tk 24,239 in Boilor, Dhanikbola,
Drharikhontal and Kentheri locations, respectively, It is evident from the analysis that
operating cost represented the lion share of the twtal cost e, 7578 percent (Tk
62,331 ba) and the remaining 24.22 percent [Tk 19985/ ha} was interest on land value
and interest on operuting cupital in which interest on land value alone sccounted for
1834 percent (Tk 15,286 ha). The major pant of the operating cost was shared by feed
and human labor representing 23,98 (Tk 19,7%4ha) and 20,36 percent (Tk 16,9653 ha) of
total costy vespectively. The other important operating <ost items were foed, manure,
fervilizer, chemicals, etc,

Production cost in moneculture of siloer barh

Per hectare cost of producing silver barb is given in Table 2. Per hectare cost of
producing sharpunti was estimated at Tk 71,808 of which Tk 54,086 (75.33%) and Tk
17,712 (24.67} were, respectively operational and interest costs. As a single cost item,
feed cost represented the lions share (25,199 of tomal cost,

Among the cost items, human labor cost appeared to be the second largest one
i(19.34%) and interest on land value, fertilizer, manure, interest on operating capil
gccounted for 18,99, 7.81, 7.03 and 5.48 percent, respectively of total cost of producing
silver bach,

Profirability of poly and monoculoire

Profitability of poly and monoculture is presented in this section. To obrain gross
rerurn, totil produce was muldplied by i prevailing farmgate price. Gross cost was
then deducted from gross rerurn o arrive at net return. It is evident from Tables 3 and 4
that the farmers are making profits from poly and monocuture. It can be seen from the
results that the farmers of polveulture are making higher profic (Tk 114,714 than that of
silver barb culmure Tk 98,1923
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Table 3. Profimbilicy of pond feh production for polyoulmrs (T havr)

Pariculars Losatiors All lcarinms
Buodlor Dihapikhola  Drharizhandsl Kagiban

Yield (kg) 4,50 4,710 4,543 5210 4951

Gross return (Tk) 194 (i | BB &00 150, 1 20 IO 197,230

Gross oost (Tk] B2, 1EZ _ B1,259 Er A4 B2y H1.514

Mer recurm {The) 111,518 107,141 115,16 124,061 114,714

HCE. {undistoaniied | R | 23l 140 148 .39

Mer reruen per Takn 1.36 .32 140 L.4E 1,39

invesied

Tahlet 2 and 4 reveal thar both BCR {undiscounted) and net return per aka invested
in polyeulture appeared 1o be relatively higher (2.3 and 1.39 respectively) than in
culture of silver barh (2.36 and 1.36 respectively). Although there is some varistions in
per hectare yield, but poly and silver barh culture under BRAC supervision is highly
profitable,

Tahle 4, Profimbility of pond fish prodoceion for sibver barb culore (Tkhady)

Particalars Locmions Al Bacailions
Bodlor [kanikhals Charikhandal Kanikazn

Yield (agh ENEEH o, Bl .50 £, 50 4150
Groes recurn { Tk &0 18R OO0 172000 180,00 17000
Cires coan {The) 35T 71,553 72342 74074 71504
Wer revarn [Tk WL o, T HAaTE 4,974 W& 191
BCR {undizcountsd] 2.0 1.36 14 243 I

Ween pensrn per Taka L.30 1.38 i35 143 145

inressed

Cosrriburion of key variables in the production process

Pond fish culmure is the outcome of using various combinations of the required
inputs. In pond fish culiure there are some inherent characteristics of pend and factors
that affect its environment and production such as age of pond, depth of pond, size of
pend, pond ownership, and these factors can be employed 1o explain the varation af
pend fish output (Islam and Dewan 1987), Six explavatory varizbles were taken into
account 10 explain the variation in production as well & gross returns of pond fish
farming. Regression analysis {Ordinary least square method) was used to determine the
effect of these inpurs,

A short discussion is presented here abour the explanatory variables included in the
model,

Cost of fingerlings (X,): Money value of fingerlings was included as an important
explanatory variable o explain the variation in gross relurns.

Cost of fertilizer (X,;): Fenilizers (Urea, TSP and MP} were lumped as important
imput in the production process. An optimum use of this input incresses yield of fish in
the pond.

Lo



Econcenics of pood Geb calture usder BRAC

Cosr of fead (X, Value of feed was expected o have a direct relation with the value
of fish ourpue

Caost of human fabor (X,)r Money value of human labor used in pond fish cultiure
should hove a direct relarion with the value of output.

Cost of insecticides (X, Money value of insecticides was taken 85 an important
explanatory variable to explain the variation in gross requrn, The farmers used
insecticides like rotenon, phosphotixin and quickphos.

Cost of manure (X,): Manure (mainly cowdung) was equally an important input
having direct relation with the value of outpur

Estimated values of the coefficients and related statistics of Cobb-Douglas
production function for the sample farmers producing fish is presented in Table 5.
Cohb=Diouglas production function fitted well for different categories in the study aren.
The aggregate finction pecformed beter as well, [slam (1987) also estimated a Cobb-
Douglas production function to explain the productivity of fish ponds. The performance
was measured by estimaned F and R values,

The coefficient of multiple derermination (R’ ranges from 0.819 in polvculture and
0.915 in sharpunti culture. B value 0.91% indicates thar about 92.0 percent of the wotal
variation of outpur of fish farming is explained by independent variables included in the
model, 1T akso indicated that the excluded variahles accounted {for only 8.0 percent of the
vartation in pond fsh production, B 0819 is also high indicaring 82.0 percent variation
of ourpun is explained by the independent variables, which were included in the model.

Table 5, Estmated values of coefficients and relative statistics of
Cobb-Dougkss production fenction msdel

_Explanatory variables Polveuliure Culrure of silver barh
Intercept 2528 1.976
Fingerlings {X, ] 0.5 1fig# 06201

(0.0457) (0.0754)
Fertilizer (X,) 0.1545* (.1027
(D55 {0.126%)
Feed (X, 0.0996* 0.0926%
(.033) (0.0379)
Human labor (X, L0 T 0.1907
{00477 (006447
Insecticides (XK. L0182 00315
(0.0226) {0.1329)
Manure (X, (1 EPrFrL 0.2727*
HIERE Y (00637
R’ (08149 0.%15
F 3354~ B 25*
: Feturns toscale (Zh) L7319 oI EY

o, of chservativn = 104 *Significant at 1 percene leved *=Significint a1 5 peroens kevel
Figures in the parenthezear indicare erasdaid éroee
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The F values of two categories are 3394 and 80.25, which ave highly significant
implying all the included explanatory variables are importaot for explaining the
variation of pond fish production. Therefore, F values of the individual cocfficient of
the relevant inputs should be expected 1o become significant, The namre of input output
relatinnship is expected 10 be determined by the magnitude of the estimared production
coefficient of individual equation. Degrees of freedom for statistical significance of the
selected production function were significant. The resules wene tested ar 1 percent and 3
percent level of significance. The summation of the production coefficients of the
selected pond fish farmers indicared returns to scale. It is evident from Table 5 that ¥
coefficients out of 12 show positive sign indicating positive contribution of the inputs to
the teturn from pond fish production, Table 3 also shows that 4 coctficients. in
polveulmre (fingerlings, fertilizer, feed and manure} and 5 cocfficients in silver barb
culture (fingerfings, fertilizer, feed, insecticides and manurc) showed positive sign
indicaring positive contriburion of the inputs o the reurm.

The summation of the production coefficients of selected varishles ie., the retums
wo seale {Th) is 0.7319 in polyeulure. Tt means that the production function exhebits
diminishing rerurns to scale. [f all the inputs specified in the model are increased by 1
percent, gross return will incresse by 0.731% percent (Table 5.

Tt is also seen from Table % that returns to scale is 0.9289 in case of culture of silver
bark indicating diminishing remurns 1o scale. If the inputs specified in the funcrion are
increased by | percent, gross return will increase by .93 percent. It is, however, evident
from the above discussion that all the included explanatory variables have significant
role in poly and monoculture production process.

Conclusions

The results of the present study clearly indicare thar farmers can make profit from
both poly and monoculture. The farmers, however, can make more profit from
polyculture than the frmers practicing monoculiire of silver barb.  The results also
indicate that pond fish production can be increased by improving the production
technology in existing ponds. The conclusion based on the findings of the present stedy
iz that fish culture con be pracriced successfully in small seasonal ponds.
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Short Note

Predatory behaviour of a perch, Nandus nandus (Ham.)

M. Das*, N, Akther, M.A. K. Tarafder and 5. Pal
Dreparrment of Aguaculture, Bangladesh Agriculzural Universiiy, Mymensdngh 2202, Bangladesh
* Correspending asthnr

Abstract

Predatacy behaviour of Nardwr nendio was studied by olfering Ceprimns foriie a8 prey.
The srudy was conducted wich six N, narous (8.2 2002 cm and 7.60 0.3 g1 represented a5
PP Py Py Pyand By . Three size cancgories af gy (O canpin} such as small (20 +0.1 cm
and 0.23 2 g), large {3.6 #0.] cm and 0.57 #0.0.1g) and mixed group consisting of
bith small and large prey were used for 14 dave of mrial. Predatory behavior was classified
as rgeting, driving, carching, hondling, resting and next amempt of caching prev, After
introduction of prey into the aquarium predators followed the movement of preys by eye
movesents and migd o arger smaller one fisst. The predasor grasped the head of the
prey by im jaws by a drive and engulfed it whally into the mouth. The sverage bandling
time [time taken to manipulase and swallow prey from caprure to ceasation of pharyogeal
movernent] was 4282 sec and 4722 see for small and Jarge prey respectively, N, mand
wer ingested more small prey than targe prey though the size clisse: were squally
available in case of mined prey used, Although the prey consumption was higher in
number when smatl prey were ingested but in weight the consumption was higher when
ingested large size of prey. The study indicaed that X, mandur, ingested more small prey
and grusped the headfisse

Key words: Predatory behaviowr, Newdus nomdus

Despire their high markes preference and wide acceprability as food fish, predatory
fishes have been neglecred and discouraped in the aquaculture sysremn of Bangladesh due
o their food habit. Fast growing population growth of an undesirable fish can be
effectively controlled with the help of predatory fishes. Thus, the predatory fishes cun
play & vital role to bring back the water body in 2 halanced condition (Sih 1987), Nandws
stendies i locully known a5 “meni” or “veds™ is widely distributed throughout the Indian
subcontinent and are often the most common small predator in freshwater bodies
(Mustafa & @l 1980). Now it 35 rarely found in the marker and unfortunately it is one of
the fish going to be extinct and now a davs i3 considered to be an endungered species.
Sucgessful breeding and rearing of “meni” in firmm condidons weuld be tremendously
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helpful in preventing the fish from being extinet and te culture this fsh in rice field. For
successful rearing the knowledge of food and feeding habit of the species are
prerequisite. Predatory fish are less well studied experimentally {Paszhowski and Tonn
1994, Das et al. 1998ab). The present work was designed to swdy the predatoey
behaviour of N, nandys with the following objectives: (i) to determine the size specificity
of the prey (C. carpio frv) taken by the N, mandus (i) 1o study the predatory behaviour
(movements and activities) during feeding and just afier feeding of N AN,

Investigation on predatory behaviour of N, nendus was cartied out for a peniad of
rwo weeks in July'99 where Cyprinus carpis fry were offered as prey in six glass nquaria
¢ A0 35% 30 cm) marked as squarium Ne.l, 2, 3, 4, 5 and 6 N, sendus having total lengrh
of §.2+0.7 cm and weighing of 7.60 £ 0.3 g were used a5 predator, Six predators were
selected from the laborstory stock placed into six aquaria in the laboratory and water wis
aerared continuously t maintain dissolved oxygen level at high, Precators were weated
with salt (1% dip for Lhr) as o prophylactic weatment. The Predators were recognized &%
P, P, Py Py, Py and P, following the corresponding aumber of the aguariom for the
convenience of the study. Immediately afier collection, the prey species were transferred
into the laboramory and placed into a large stocking-tank. Fishes were kept into the tank
without supplying any food for firse two days. After that supplementary feed at the rate
of meintenance ration (1% body weight) was supplied to the fish fry. Fish fry were then
classified into two main size categories where small fry (torzl lengrh of 2.0 H0lem and
weight 0.23 0.0y and large fry {towal length 3.6 #0.1 cm and welght 0.37 H01g).
Another group consisting of both small and large fry (30%+350%) was referred to a8
mixed size group. All thres-size cutegories were offered us prey w N nahdis for the
experiment in duplicare aquaria.

Six prevs were released into the squarium containing a predator a1 9 am cveryday,
after an hour the remaining previs) was removed by hand scoop ner from each of the
aquaria. Then fresh preys were offered to each predator as carlier at the same time of the
following day. The number of prey eaten by each predator was recorded everyday Thi=
process was continued for 14 days to study the predatory behaviour of N, s,

Targeting and catching of prey

When the prey (fry of C. carpio) were supplied, the predator (N, sendus} became
active. Then they followed the movement of preys by their eye movements. With in 2
few moments, the predator targetediselected a prey 1o be artacked and immediately mried
to catch it (the prevl by a drive

Handling and resting pertod

Prey handling time was recorded as the time from inirial capture 1o the rime the
prey was swallowed 1.e. the ceasation of gulping movements and phacyngeal constrictions
were recorded. Resting period, the duration hetween the completion of one meal and the
start of taking of the second meal by the predator was recorded. If the predator intended
to catch their prey for the second time, they moved In that direction in respect of the
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position of the prev as like as previous attempr starting from argeting prey w the
completion of the handling and goes to resting again.

It was found that the prey species (G carpie) after introduction in the aquarum ook
their place just opposite to the position of the predator. During the experimental period
when prey were given ineo the aquarium the predator swopped their all activities and
followed the movement of prey only by eye movements keeping irself ina resting
positicn preferubly at a corner of the aguarium. Among the prey, the predamor tried o
target & prey preferably the smaller one first, When the predator came foraard 1o the
prey, the prey tried to escape from the atrack. Thus the prey came downwards and again
started 0 move for upper region in the andi-clock wise divection and moved oward
another corner of the aquarium.

Many predators cach their prey cither head region or rail region frst, Carching of
prey alse depends on the size and shape of the prey, namure of the prev, abundonce of
prey and predators also, In the present smudy, when N, sandus catch prey on the head
first, the predator firstly grasped the head of the prev by is jaw and finally engulfed the
prey by taking it wholly in to the mouth, Das er ol.{19983) stated that ©, sarfaes grasped
the prey by its jaw at the head region first.

Time taken to manipulate and swallow prey from capiure 1o ceasation of phurvngeal
movements was counted as handling time. In the experiment average handling time was
4212 seconds and 47+2 seconds for small and larpe prey respecrvely, Hovie and Feast
{1987} stated the handling tme of around 50 seconds for large mouthbass, Micrpeers
salmonides, Das et ol (1998h) also found the averape handling time of C, stz around
48 seconds for the prey of Labeo mhia fingerlings that closely resemble this study.
Resting period in between prey caprure were observed. During that time the predators
keeps itsell quier at a corner of the bottom of the aquarium. Resting period of N. nandi
was continued for about two minures. In some cases, the predaver failed o caprure the
prey in first attempt and then took second attempt to capture it after a short rest in
bewween. If the first attempt was successful the resting period maintained was found to
be a little more than the unsuccessful attempr.

Three sizes of categories of prey such as small, large and mixed were supplied o the
predators in this experiment to observe the preference of prey size by the predator. It was
observed that 24 and 23 large preys were caprured and ingested by the predators P, and
Py respectively, 46 and 40 small preys were captured and ingested by the predator, P, and
P, respectively O the other hand predators P, and P, caprured and ingested 40 (28
smill, 12 large) and 31 {3lemall) mixed preys. It was observed that predators preferred
the smaller size category prey over the large preys. Predator (N smawdus) ingested
significantly more small preys than large prey though the both size class wers equally
avallable for P; and P,. Although the upper limit in prey size is constrained by the
relationship berween piscivore mouth size and prey body depth, piscivore tend to
consume prey sizes thar are much smaller than the maximum possible (Hovle and Keast,
1987}, The choice of small prey by predator might also be related to the fact that the
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predator preferred w spend minimum energy to caprure, ingest and digest the prey. In
this experipent, W, nandus also consumed more small C© cospic. as @ preference. This
result is in agreement with thar of Paszkowski and Tonn {1994), Das e al. (1998b).

Total biomass of prey captured and consumed by predatory fishes differed with prey
size. 1t was observed that the predators consumed 0.064 o 0.121 g of prey per gram of
predater per day. It was found thar when the prey size was small the number of prey
engulfed by the predator was greater but the consumption of prey in total biemass was
higher when they consumed large prey.
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Short Note
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Abstrac)

Grrapsid crab Helice rridens leimere inhabiting mangroves, seashores as well 1 muddy and
rocky aress. Ovigerous females were observed from December o May. Juventles appeated
in July and from December o April. In the labotatory they reached 9.50 mm in carapace
width 4 months after harching, 1 is likely ehat spawning of this crab occurs throughoan
the wear

Koy words: Helice eridens Lntimera, Spawning, Juvenile

Helice tridens Lapmera PARISI, 1918 has so far been found in eastern Asia along the coasts
of Japan, Taiwan and China { Mivake 1983, Diai and Yang 19%1), This crab is common
and dominant in Okinawan mangals. So far, no study has been carried our on this crab’s
population struceure and reproductive cyele, but information exisss on s larval
development (Mia and Shokita 1997), The present study is a pam of experiment simed to
a38ess the population strucrure of K. 1 lapimers including its breeding season, natural
Erowth rates, abundance, and functional role in the shallow water community of the
estuary of the Taiho River on Okinawa Tsland.

A populstion census of Helice rridens katimera was carried out monthly from May 1905
o April 1996 in the estuary of the Taiho River. Samples were collected by hand and
Using a scoop net in the mangrove stands, in areas surrounding gravel, and among the
roots of tress. Collected specimens were sexed intn three categories such ss male, fernale
and juvenile on the basis of their mormphological differences of sbdomen, Each individual
was measured for carapace width (CW') using & vernier callipers to the nearest 0.1 mm.
Females were inspected for the presence of cegs beneath their sbdomen, After
mexsurement each individunl was relessed in the same areq,

Helier wridens Ianimera were found running on the mangrove forest floor, in the
shallow water, in gaps between the roos of trees, and inside holes, and they rarcly
ippeared to sertle down on mud. The monthly population census and structure of this
species are shown in Figures 1 & 2. In all 343 males, 238 females including 8 ovigerous
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females, and 22 juveniles were caught during one-year experimental period. The pnnlgd
male-female ratio was 1:0.84, The peak of males eccurred in July, and that of females in
Dictober. CW varies from 13.20-35.50 mm in males, 14.30-34.00 mm in female, und 3.60-
11.85 mm in juveniles. Ovigerous females with carapace widths of 15.00-24.33 mm
appeared from Diecember to May. Juveniles appeared in July and from December 1
April, and their peak was in February. The highest catch was in July, and the Iu_:uwm in
Drecember. During December to April towml carch per month was lower than in other
months. Among all females ovigerous ones comprised 5% in May, 40% in Diecember,
12.5% in January. 20% in February, and 14.25% in both March and April.
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Fig. 1. Seasonal changes of the size diswibution of Helice mideni lasimara from
May'95 to April". Figures in brackets and shaded bars indicate juveniles.
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Fig. 2. Sezsonal changes of the size discribution of Faiice ridens lanmeng from
May 9 o April'sa. Figieres in brackeis and shaded bars indicare ovigenoos females.

From the monthly population census data, it 1s clear that total catch was lower at low
temperatures during the winter. Specimens of the sesarmid crab Charmagnaifie compexus
stopped their activity when the air 'emperature fall below 13°C and became acrive ar
16.2°C {Nukasone er al. 1952), The soldier crab Micooris langicarpus rarely emerged when
the sand temperatures were betow 17°C (Kelemec 197%), Similar results for other crabs
have been also reporved by many authors (Hughes 1966, Sumpton and Smith 1990% It
wits reporied that the body temperature of aquatic crostaceans mast be close o that of
the surrounding warver {Edney 19607, Poikilothermal animals survive only within
definite temperarure ranges, and a change of external temperature results in a change of
O consumption., Similarly, the range of temperatures compatible with life is known 1o
vary greatly berween different species of poikilotherms {Florkin 19600 It was repomed
that the total catches of Perisesarme Wdens, Metopograpus latiffonz, and M, massor were
lower in winter than other seasons (Watanabe 1993, Windarti 1995). The resulis of the
present stdy are consistent with thelr findings and suggest that during low remperamure
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I, t. larimerg keep themselves hidden inside their burrows or figreame @ warmer places
thar are suitable for their physiology.

Spawning of Helice tridens latimera perhaps occurs throughout the year, Although
ovigerous females were caught from December to May, but this does nol mean that
spawning occurs only during these months. Juveniles were caught in July and from
December to April, which suggests a longer spawning season. The averuge size of
fuveniles caught in July was 654 mm in CW In laboratoty experiments, larvae
metamorphosed to juveniles {1.77 mm CW) 48 days and reached 9.30 mm in CW 4
months, tespectively after harching (Mia and Shokira 1997} Juveniles of 10.7% mm in
W were caught in December No ovigerous females were caught from June to
November, vet it is ¢lear from the laboratery experiment that juveniles caught in
Diecember were about 4-% months old. In conclusion, the present investigation revealed
that spawning of Helice trdens lattmera oceurs throughout the vear.
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Abstract

The scasonal mmesn size distributon of A, chdiensis were estimated as 20219mmb4. 77,
25.125mirct2 55, 25 065mm £2.20 and 32 44mm 2363 for annusl, monsoon, post-
monseon and pre-mopsoon period.  respectively.  Sessopal mesn carspace length
distribution  wers éstirmaled a3 93%mmctl 437, S06immehsd, B 258mmdi).5%  and
133 TmmEl. 113 for annual, momsooa, post-monscon and the pee-monsoon seasen. The
catapece lenpih and tomal length relationships was foandd i ke Tl=- 1 39£3.23 CL. Linear
relation was found i arithmesic and as well as logarithmic scale

Ky words: Acoter chanenisa, Size frequency, TL-CL relatonship

Acetes is 8 minor planktonic crustacesn group and represented by @ few number of
specics in Bangladesh coastal warers, Acetes is assumed to play a significant mle in the
food web and dynamics of coastal water, lagoons, ses grass beds and mangrove swamps
which extends over vast area in tropical and sub-rropical region (Omeord 1975 and
Achuthsnkuthy & ¢l 1973), They form conspicuous aggregstion near the shore and are
fished mainly with push ner and fixed bag nets set near the shore against the fow of the
tide. The fishing is penerally dene during day times (Omor 1974). In the Bangladesh
coastal waters information on Sergestd shrimp of Aceses b5 scarce. But this shomps are
commoenly distributed in estuarine and coastal waters of Bangladesh (Mahmood and
Zafar 1939, Zafar 1992,

The present work shows size frequency distribution, relationship betwesn carapace
length-total length and length-weight relationship of Aceres chumensis in the Kutubdia
channel for the first time from the Banpladesh coaseal waters.

Samples of Acerss sheimp were collecred for one vear between Seprember®i and
August9s from the Kutubdia channel (Lat-2153" 36" N and 91° 54" 54™ S} Samples
were collected fornightly from the catches of Bebundi met {s¢1 bag net), Collected
samples were kept into the plastic container and preserved in 5% neutmlised formalin.
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In the lsboratory Aceres chinensis were identified and sorted out on the basis of
morphometric characteristics such as the number of red spot in the endopod of the
weopod, number of denticles in the Tostrum, shape of the telson, presence or absence of
procured tooth between the basis of first pair of plecpod and other chamacterisic
mentioned by Omorl (1975) and Xiso (1990 To confirm the taxonomic status of the
species monthly different sizes of Aceees chinensiz were alio examined under a hlnocular
STEECOSCOPIC MICFosCope.

For the study of carapace length and otal length relationship all specimen of the
identified shrimp species were measured {Tablel). The toral length (from the tip of the
rostrum to the tip of telson) and the earapace length (from the lst denticle of the mstum
to starting peint of the lst abdominal segment) were measured with the help of
millimetre scale. For establishing the total length and carapace length relationship the
least square method was followed.

Tahbe 1, Carnpace length and wnal length relationship in different groaps of Acenss chinenso

Class  Fregoency Mid LogCL.  Ofwerved  Log TL Calculated Calozlaed
Lieniz panncs af x) mezn TL (] LogTL= TL=a+biL
(e} L {mm) [im] a+bbogCL

LXK | 3 (% ¥E] ET] L.301 13077 Ml
T3S 5 T.1% (13:11 2T 1356 1,340 2R 04
TER0D I T.5s (i %: 1 29432 1355 1.3737 13518
BALEE H E.25 (.52 24.63 [.3%1 LABS3 15.251
B.5-5.0 ar BT 0594 0.7 I 426 L4264 26564
a5t FE 9,25 ) 8.0 1447 L. 4685 RATT
DE50 q &.75 0 1583 1474 14350 3]
10-5ELe L 25 143 1LES 1.503 L1502 JLT04
Li5-11 1] 1] 103 1347 1.8H L5212 33317
LI-11.% i [ e 1038 747 1.540 15403 34,531
Fl.5-12 [k} 175 147 AL 1.550 1540 i 544
11125 T 1238 1.0 iK% 1580 L5E45 15T

The sizes of eetes chinensis varied ssuzonally, During the one vear study, the highest
size (39,5 mm) was recorded in the pre-monsoon period and the smallest (19.5 mm) was
abipined in monscon and mean length was recorded 292354, 77mm. In the monsoon
manths { May-Sept.) the size varied 23.5.29.5 mm and mean length was recorded 25.13
+2.25mm. In peost-tnonsoon period (Oct-Dec) the tomal length of this species was
ahtalned berween 20.5 mm and 29.% mm with mean length of 25.17+2.79 mm and during
the pre-oonsoon period (Jan.-April) size range varied bevween 235 mm and 39.5 mm
with mean size 32.4413.63 mm

Highest carapace length (12 mm) was recorded in the pre-monseon period and
towest earapace length (6.5 mm) was obtained in monseen period and the mean carapace
lengrh was recorded 9.3741.46mm. In the monsoon period, the carapace length varied
between 6.5 mm and 9.5 mm, and mean was recorded 8.06320.69 mm. In post-monscon
period, carupace leagth of this species was obtained between 7.0 mm and 9.5 mm with
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mean length of 8.25810.5% mm. During the pre-monscon period size runge varied
between 7.0 mm 1 12,0 mm with mesn length 10.37+1.11 mm,

The carapace lengths were arranged in 0.5 mm interval and rheir average was plotted
against the average toral length. Scarter diagram of total length versus body weight are
presented in Fig. 1. The relationship was found to be a straight line by the method of
least square. The relationship of motal length and CL is the carupace lenprh was oz
follows: TL = - 1.39+3.23CL, where TL is the total length and CL is the carapuce
length,
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Fig. 1. Scarver diagram of carapace lengeh and total length.

The relationship between carapace and 1otal length of this shrimp shows 2 positive
correlation {r = 0.9907, n = 12 groups). A linear relation was found in Iogarithmic scale
(Fig. 1) between the total lengeh and carapace length of Acerer chinensis. (Log TL = 0.44
+1.05CL.

The relationship berseen carapace length and body length determined by Yasuda &
al, (1953) for Aceter japoricus was CL = 204 + 0.18, BL for males and CL= 1.1340.18.
BL for females valid for a body leagth mange of 10:20 mm. Tkeda and Raymont {1989)
determined a regression equation for Aceces sibogae as log,; (WW) = - 2,069 + 19385, log,,
{BL) (n=40, r=0.99) where %W is body wer weight (mp) and BL, body length (mm).

Ikematsu {1953} estimated from ficld samples that the life span of A, japemcus is 9-10
months for the winter generation and 2.5 -3.0 months for the summer generntion. In rhe
present investigation largest sizes of A. chimensis were found just after winter,
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