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Abstract

This study investigated the effects ol nursing dura-
tion on the subsequent performance of rohu (R) Labeo
rohita and mrigal (M) Cirrhina mrigala in polyculture
with monosex male Nile tilapia (T) Oreochromis nilo-
ticus at four levels of pond fertilization. Nile tilapia,
rohu and mrigal were stocked at a ratio of 4:1:1 in
a 90-day trial based on 40 20-m? pens fixed in
four 400-m? earthen ponds. Growth of carp finger-
lings during prolonged nursing (5 or 12 months)
was stunted compared with fish nursed over
a conventional duration of 3 months (3) but
showed superior growth subsequently. Mean daily
weight gain of stunted rohu (12) ranged from 2.2 to
2.8 g per fish day ~* compared with 1.1-1.6 g per fish
day ~* for younger fish (3). The comparable ranges
for mrigal were 1.9-2.8 and 1.4-2.1g per fish day %
Growth of Nile tilapia was inversely related to dura-
tion of carp nursing at the four levels of fertilization.
Nile tilapia showed more response to increasing le-
vels of fertilizer input (Y = — 1421 +1.716X, where Y
is the daily weight gain of Nile tilapia and X is the fer-
tilizer level, r* = 0.98, P <001, n = 12). At a high level
of fertilization (3.0kg N:1.5kgPha 'day %), per-
formance of stunted fingerlings (5 and 12) of both
rohu and mrigal was similar (range 2.3-2.8 g per fish
day ™% P> 0.05), but younger mrigal (M3) grew fas-
ter than rohu (21g per fishday % and 16 gper
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fish day ~ ' respectively). Older rohu (12) appeared (o
perlorm particularly well, and Nile tilapia poorly at
the lowest level of fertilization (1.5 N:0.75 kg Pha ~*
day ™. suggesting the impact of age of seed on com-
petition within polycultures. The net fish yield (NFY)
of tilapia was not affected significantly (P> 0.05) by
differential stocking age of carps; therefore, com-
bined NFYof the three experimental fish species was
not affected by the age of carp, as tilapia was the
dominant species in polyculture. The highest com-
bined NFY of all species in the most intensively ferti-
lized pond (3.0 N:1.5 Pkg ha ~'day ~ ) was calculated
at4.06+008 g-m ~ ?day ~ !, which was significantly
higher (P <0.001) than the yield (1.82 +012¢g-m ™2
day ™) from the pond with the lowest fertilization.
At the highest fertilizer level, tilapia, rohu and
mrigal contributed 72%, 14% and 14 %, respectively.
to the NFY, whereas the ratio was 60%, 20% and
20% at the lowest fertilization level. The study indi-
cated that yields from tilapia in polyculture with
the two carp species in more eutrophic water
can be optimized if advanced nursing of carps is prac-
tised. Moreover. higher inputs of inorganic fertilizer
and advanced nursing of carp are economically at-
tractive under Bangladeshi conditions. Advanced
nursing of rohu also improves its performance in
more extensive systems when tilapia densities
are high.
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Introduction

[n seasonal environments, where temperature or
food availability declines to below critical limits.
growth is hampered in many organisms. Such a
period of hindered growth, or stunting, has been
described for a range of freshwater fish under natural
and cultured conditions. It is unconnected with any
particular life history (Lorenzen 2000) and is af-
fected by the interplay between ecological and adap-
tive factors (Ylikarjula. Heino & Dieckmann 1999).
Stunting has become an issue for culturists, in terms
of both juvenile and lood fish production. It has been
a major problem in commercial production of tilapia
(e.g. Hepher & Pruginin 1982) and yabbies Cherax al-
bidus (Lawrence 2000) and is increasingly affecting
farmed black tiger shrimp (Flegel, Thamavit, Pashar-
awipas & Asday-Snaz1999). Stunting of juveniles is of
interest to hatcheries both in terms of affecting their
quality (e.g. Allen 1998; Mishra 1999) and as a man-
agement tool during seed production (e.g. Bombeo-
Tuburan 1988: Daniels, Blank & Wujtewicz 2001).
Stunting has also been related to infection with dis-
ease and parasites, usually during the juvenile phase
(Aloo 1998; Flegel et al. 1999). Whatever the cause of
early retardation of growth, the key question is
whether stunting affects subsequent performance.

A comparison of performance of overwintered and
new season monosex and mixed-sex Nile tilapia in
northern Vietnam during the [ollowing season re-
vealed superior performance of both types of over-
wintered seed managed appropriately (Dan & Little
2000). Stocking of stunted tilapia juveniles has also
been used as a strategy to achieve marketable indivi-
duals within a short rearing season in Kuwait (Cruz
& Ridha 1990). Another study has shown that sub-
sequent growth of monosex tilapia nursed for
prolonged periods was reduced compared with
‘younger’ seed, but their larger initial size ensured
higher survival and a larger final individual size after
6-months culture under semi-intensive conditions
(Little, Bhujel & Pham 2003).

Overwintering and ‘stunting’ has economic signifi-
cance. Broodfish and fry/fingerlings may be stunted
intentionally through manipulation of (eed and
stocking density to reduce costs of feed and space
and to service market demand better for both seed

and table fish. The culture of stunted Indian major
carp has become established in parts of India be-
cause the subsequent growth of the fish is believed
to be rapid (Nandeesha, Dathathri, Krishnamurthy,
Vargese, Gangadar & Umesh 1994). The economic via-
bility of stunting juvenile fish has been established for
milkfish (Baliao, Franco & Agbayani 1987) and tilapia
(Dan & Little 2000) for conditions in the Philippines
and northern Vietnam, respectively, but the viability
of stunting carps is likely to be system and site
specific.

An improved understanding of the response of fin-
gerlings raised under different regimes to subsequent
grow-out under semi-intensive culture conditions is
required. The greatest limitation to increased yields
of polycultures of carp and tilapia is insufficient nu-
trient levels, but these are often a limited resource in
rural areas (Barman, Little & Edwards 2002). Feed
availability is likely to have a major impact on the re-
lative performance and interaction of species within
apolyculture. In polyculture, interactions among fish
species may hinder or stimulate their growth, and
these interactions can affect either the food resources
or the environment (Hepher, Milstein, Leventer &
Teltsch 1989). The response of the same combination
of fish in polyculture may depend on the levels of fish
food organisms in the system and the plasticity of
feeding and growth response (Reich 1975: Schroeder
1980:; Milstein 1992).

The present study was therefore carried out to
evaluate the effect of age at stocking of rohu and mri-
gal in polyculture with sex-reversed Nile tilapia and
to assess the impact of different levels of inorganic
fertilization. It was also expected that the trial would
provide information about the viability of prolonged
nursing for conditions prevalent in rural Bangladesh.

Materials and methods
Fry and fingerling preparation

One-month-old rohu (R) and mrigal (M) fry (2-3 cm)
were purchased from a local commercial hatchery
and nursed in two blue nylon hapas (size 40 m?) for
2 months to an average weight of 14.0 g. Fry were fed
with a commercial floating catfish pellet (Chareon
Pokphand. no. 9911) twice daily at 20% biomass
day ~*. Nursing and holding protocols of carp finger-
lings are presented in Table 1. The fingerlings were
then transferred to two clean hapas for holding at a
density of 80 fingerlings m ~ 2 using the same feed at
1% biomass for a further 9 months (12). The feeding
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Tablel Time schedule for nursing carp fingerlings

Duration of carp fry nursing and/or holding before experlment (months)

Fry age (freatments) 1 2 3 4 5 6 7 8 9 10 h 12

12 months ¥ + E X X X X X X X X X
5 months * + + X X
3 months 4 + +

*Fry purchase from a local hatchery.
*Nursing period (feeding at 20% biomass twice daily).
*Holding period (feeding at 1% biomass once daily).

rate was adjusted based on sampling at 3-month in-
tervals. The second batch of fingerlings was prepared
using the same method but for only 2 months' nur-
sing followed by 2 months' holding (5). The third
batch was nursed for 2 months without holding (3).
Three-month-old sex-reversed Nile tilapia (T) finger-
lings (average weight 7.0 g) were obtained from AIT
tilapia hatchery and stocked in experimental pens
along with the carp fingerlings of 3,5 and 12 months
of age. Carp fingerlings from each treatment were
graded to maintain an initial mean size of 15 g (pre-
grading size range 10-30 g). Fish were stocked in
each treatment pen at a rate of 15000ha~' or
6750 ha per pond at a species ratio of 4:1:.1 (T:R:M).

Culture system

A 90-day experiment was conducted at the Asian In-
stitute of Technology (AIT) near Bangkok, Thailand
(14.2°N, 100.5°E) using 36 pens (20 m?) of high-den-
sity polyethylene black netting material (mesh size
0.6 cm) installed in four earthen ponds (400 m?). Sec-
tions of net were stitched together with fishing line
(nylon rope no. 6) to make a pen of Sm x 4 m. The
bottom of the mesh panels was attached to PVC pipes
(1-inch diameter) with nylon twine and sunk into the
pond sediments to a depth of 20 cm maintaining
the pen height at 150 cm above the pond bottom. The
water level was maintained at 100 cm depth keeping
the freeboard height of about 50 cm for each pen. The
pens were supported with bamboo poles at about
20-cm intervals. Bamboo walkways allowed access
to each pen without disturbing the water. A total of
10 pens was installed in two rows along the long side
of each pond, but only nine pens were randomly se-
lected for this experiment. The three treatments were
randomly assigned to nine pens in each pond.

Pond fertilization

Belore starting the experiment, all ponds were com-
pletely drained and allowed to dry for 1 week. The
ponds were filled with canal water up to a depth of
1 m, and this level was maintained throughout the
trial by weekly additions of water to compensate for
evaporation and leakage losses. Three treatments
were replicated three times at each fertilization level
(pond). Ponds were fertilized weekly at four levels of
inorganic nitrogen (urea) and phosphorus (triple
superphosphate, TSP): (i) 1.5 kg N:0.75 kg P (1.5): (ii)
20kg N:1.Okg P (20); (iii) 2.5kg N:1.25kg P (25);
and (iv) 3.0 kg N:1.5 kg Pha ~*day ~* (3.0). The fertili-
zer levels were randomly assigned to the four experi-
mental ponds, which had been previously used for
two trials (10 months) at the same levels of [ertiliza-
tion. The experimental ponds were also loaded
(224 kg dry matter ha ~*day ~*) with duck manure
collected during night-time confinement of sca-
venging egg-laying ducks (Khaki Campbell x local
strain). The duck manure was collected weekly in fer-
tilizer bags and stored in a cool dark shed for about
2 weeks before use. The required amount of duck
manure for each pond was divided into equal propor-
tions for nine pens and broadcast inside each pen. To-
tal N and P loadings were calculated after analysis of
duck manure and adjustment with urea and TSR
which were dissolved in water before broadcasting.
Fertilizers were applied weekly between 08.00 and
10.00 hours, and the first application was made 7
days before stocking of fingerlings.

Water quality monitoring

Water temperature, dissolved oxygen (DO) and pH
were monitored weekly in situ at 06.30-07.30, 10.00~
10.30 and 14.00-14.30 hours using DO (YSI model 57)
and pH (Suntex, model SP-5A) meters. Each time, the
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DO was measured at five depths (20-cm intervals)
and averaged for mean DO concentration. Net pri-
mary productivity was estimated biweekly using the
three-point diel DO (at 06.00, 1800 and the next day
at 06.00 hours) changes method (Hall & Moll 1975).

Water samples were collected biweekly from each
pond at 07.00 hours using a column water sampler
to assess other water quality parameters. Total alkali-
nity was analysed by titration with 0.02 N sulphuric
acid using the methyl orange indicator. Total ammo-
nia nitrogen (TAN) was analysed using the standard
phenate method. Chlorophyll awas determined using
spectrophotometer readings from the pigment ex-
tracted with 90% acetone. Phytoplankton biomass
was estimated by multiplying the chlorophyll a con-
tent by a factor of 67. Total suspended solids (TSS) and
volatile suspended solids (VSS) were estimated by dif-
ferences in sample weights after drying at 105 °C for
4 h and ignition of TSS in a muffle furnace at 550 °C
for 30 min respectively (APHA 1989).

Biological parameters (fish)

At initial fish stocking and final harvest, all the fish
were weighed individually using a Mettler electrical
balance (model PC 4400, sensitivity 0.01 g). Total fish
lengths were measured using a scale mounted on a
measuring board. Intermediate samplings were not
attempted to avoid fish escapes and disturbances to
fish and water quality.

During harvest, all the ponds were drained com-
pletely. and a corner of each pen was unstitched to
allow entry of workers into the individual pen while
harvesting fish. Daily weight gain (DWG), survival
and net fish yield (NFY, based on the pen area instead
of the pond) were estimated using standard relation-
ships (Jauncey & Ross 1982).

Economic analysis

A gross margin (total return—total variable cost) ana-
lysis was conducted using data from Bangladesh to
compare the economic impact of different nursing
strategies. The same capital costs were assumed,
with differences in feed, credit and labour accounting
for the major sources of variation between treat-
ments. Farm-gate costs and revenues were based on
Hossain (1995).

Data analysis

Data were analysed using a 3 x 4 x 3 factorial analy-
sis of variance (ANOVA) to determine the effects of nur-

sing duration, fertilizer level, species and their
interaction. Student’s t-test was used to test signifi-
cant differences between two means. The relation-
ships between [lertilization level and fish growth
parameters were described using regression analysis.
Variations in treatment means were presented as
‘mean + standard error'and tested at a 5% level of sig-
nificance unless otherwise stated.

Results
Growth performance

In general, stunted carp fingerlings grew better than
normal fingerlings in all treatments (Fig. 1. Table 2).
The differences in growth response were related to
species. nursing duration and age of the carp finger-
lings and the level of fertilizer input. At the highest
input level (3.0). stunted fingerlings (5, 12) of both
rohu and mrigal performed similarly, but younger
fingerlings of mrigal (M3) grew faster than rohu. At
the lowest fertilization level (1.5). older (R12) rohu fin-
gerlings grew better than the older mrigal (M12).
However, younger mrigal (M3) grew better than the
younger rohu (R3). Growth of older rohu (R12) was
not significantly affected by a decrease in fertilizer
level.,

Growth of both carp and Nile tilapia increased lin-
early with the level of fertilization, but tilapia was
more responsive than the carp. The relationships de-
scribed by the regression equations indicated that
more of the variation was explained (or tilapia and
rohu (- = 0.98 and 0.99 respectively) than for mrigal
(> =0.88). There was a decreasing trend in the
growth of Nile tilapia associated with the nursing
duration of carp.

The growth response of rohu improved with the
duration of nursing across a range ol [ertilization le-
vels (Fig. 1, Table 2). The relationship between the dai-
ly weight gain of robu and the fertilization level was
explained by the regression equation Y = 0993+
0.592X (r* =099, P <001, n =12) whereY is the daily
weight gain (g per fish day ™) and X is the fertiliza-
tion level (kg of N:Pha ~'day ~*%). The effect of nur-
sing duration on growth was greatest when inputs
were lowest (1.5). Older rohu fingerlings (R12) grew
at double the rate of younger fingerlings (R3), 2.2 vs.
11gperfishday ~*, respectively, at the lowest fertili-
zation level. Older rohu (R12) also grew considerably
faster (2.8 g per fish day %) than younger fingerlings
(R5=25gperfishday % R3 =16 gper fishday %)
at the highest fertilization level (3.0). Daily weight
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Figure1 Daily weight gain (DWG) of rohu Labeo rohita and mrigal Cirrhina mrigala nursed for 12, S and 3 months then
cultured with Nile tilapia Oreochromis niloticus in ponds receiving four levels of fertilization.

gain of rohu increased linearly with nursing dura-
tion at both the lowest and the highest fertilization
levels (-> =099 and 0.83 respectively).

Stunted fingerlings of mrigal (M12) grew better
than normal fingerlings (M3) across a range of ferti-
lizer levels, but older seed grew particularly well at
higher levels of fertilization. However, the improve-
ment in growth as a result of prolonged nursing was
lower than that observed with rohu. The relationship
between the daily weight gain of mrigal and the
fertilization levels was also found to be weak
(Y =1145+054X, r* =088, n=12, P<01). Older
mrigal (M12) grew as fast (2.8 gperfishday ~?) as
rohu at high levels of nutrient input (3), which was
22% and 33% higher than the growth of younger

mrigal (5:2.3 g per fishday ~ L 3:2.1gperfishday )
respectively (Fig. 1, Table 2). At the lowest level of
fertilization (L.5), differences in growth resulting
from nursing duration were relatively less (1.9, 1.5
and 1.4 g perfishday™, respectively. for 12, 5 and
3 months of age). In this low-input system, the DWG
of young mrigal (3) was higher than the DWG of rohu,
which suggested that younger mrigal fingerlings per-
formed better than rohu in a low-input system. The
mean daily weight gain of mrigal at both high and
Jow fertilization Jevels increased linearly (> =099
and 0.91) with the increase in nursing duration.

The DWG of tilapia was affected by stocking age of
carp, particularly at lower fertilization levels. In gen-
eral, the overall growth of tilapia was lower when
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