See discussions, stats, and author profiles for this publication at: https://www.researchgate.net/publication/264116922

Impact of temperature change on the growth of Labeo rohita:
development of a growth model.
Article · January 2013

CITATION

READS

1

84

6 authors, including:
Manas. Kumar. Das

Pankaj Kumar Srivastava

Central Inland Fisheries Research Institute

Central Inland Fisheries Research Institute

130 PUBLICATIONS 567 CITATIONS

25 PUBLICATIONS 156 CITATIONS

SEE PROFILE

SEE PROFILE

Liakat Mondal
Planning Department, Govt of NCT of Delhi
4 PUBLICATIONS 28 CITATIONS
SEE PROFILE

Some of the authors of this publication are also working on these related projects:

Impact assessment of climate change on Inland Fisheries View project

ICAR Network project on Impact adaptation and vulnerability of climate change to inland fisheries View project

All content following this page was uploaded by Pankaj Kumar Srivastava on 22 July 2014.
The user has requested enhancement of the downloaded file.

IMPACT OF TEMPERATURE
CHANGE ON GROWTH
ROHITA: DEVELOPMENT OF A GROWTH MODEL

OF LABEO

M. K. DAS, P. K. SRIVASTAVA, S. DEY, MD. L. MONDAL, M. K. MUKHOPADHYAY AND
P.K. SAHA
Central Inland Fisheries Research Institute, Barrackpore, Kolkata - 700120, West Bengal

Enhanced temperature is one of the most important drivers of climate change as evidenced by a perceptible rise of air
and water temperature in various regions ofIndia. Unit rise in water temperature affect the physiological features of
freshwater fish in aquaculture. Investigations were conducted to assess the impact of increasing water temperature of
29°C, 30 °e, 31°C, 32 °e, 33°C, 34 °e and 35°C on the growth, Labeo rohita fingerlings reared for five weeks in aquarium.
The fishes were fed pelletised feed ad libitum. Fish reared at 34°C water temperature exhibited significantly (P<0.05)
faster growth (SGR-2.36 % body weight per day) than those reared at other temperatures. The change in growth rates
were insignificant between 29°C, 30 °e, 31°C and 32 °e treatment groups but growth rates significantly increased in the
temperatures ranging from 32°C to 34 °e and there after it decreased. A linear growth model of L. rohita fingerlings
growth has been developed using the data generated. This simple growth model provided a reliable projection of
growth (SGR %) with unit rise of temperature within the range of29 ° to 34°C. This will help fish culturists to develop
adaptation strategies with regard to suitability of fish species and fish culture practices under the climate wam1ing
scenarios.

Fishes are often subjected to the hazards of rapid
temperature changes in tropical waters either due
to daily variations in water temperature in shallow
waters or thermo cline in deeper water bodies.
Unlike most temperate fishes, tropical species live
in systems where diurnal water temperature
fluctuations can approach their incipient (IULT)
upper lethal temperatures limit (Irion and Junk,
1997; UNECA, 1997). Though tropical fishes can
endure temperatures very near their IULT for short
intervals (Milstein et ai., 2000), a slight (1-2 °C)
increase in regional temperatures may cause the
daily temperature maxima to exceed these limits.
These effects often become additive or
synergistic with those of other adverse stimuli (e.g.
low water pH, algae, dissolved oxygen shortage).

Knowledge of such temperature changes has
relevance for fish in natural water bodies and in
aquaculture (Das et ai., 2002) and especially in a
scenario of climate change, where there are
changes in air and water temperature (Vass et al.,
2009). Enhanced temperature will create
physiological, ecological, and operational changes
in inland fish and fish production system.
The aquaculture farms of West Bengal in the
Gangetic plains ofIndia are already witnessing an
increase of 0.2° to 1.6 °C minimum water
temperature (Vass et ai., 2009). This will affect
the growth of the major aquaculture fish species.
Freshwater aquaculture in India is mainly
contributed by the Indian Major carps (Labeo
rohita, Catla calla and Cirrhinus mrigala)
which together contribute the major share (80%)
of over 2.0 mt to the inland fish production in

Table 1. Mean weight and standard error (in parenthesis) offish reared at seven different temperature levels over a 35
day period. (n=lO)
Day
0
7
14
21
28
35

Experimental temperature levels
2Cf'C

30°C

31°C

32°C

33°C

34°C

35°C

5.10
(0.30)
5.31
(0.29)
5.85
(0.27)
6.05
(0.30)
6.26
(0.33)
7.10
(0.35)

5.06
(0.31 )
5.37
(0.22)
5.72
(0.19)
6.02
(0.23)
6.75
(0.26)
7.14
(0.29)

5.01
(0.30)
5.38
(0.22)
5.84
(0.17)
6.49
(0.22)
6.90
(0.25)
7.23
(0.27)

5.03
(0.27)
5.46
(0.19)
5.96
(0.17)
6.42
(0.18)
6.80
(0.22)
7.23
(0.25)

5.08
(0.30)
5.73
(0.23)
6.65
(0.22)
7.49
(0.18)
8.36
(0.26)
9.04
(0.28)

5.04
(0.33)
5.86
(0.26)
6.59
(0.25)
8.06
(0.22)
9.64
(0.26)
11.44
(0.31 )

5.05
(0.35)
5.63
(0.29)
6.39
(0.27)
6.97
(0.24)
8.36
(0.28)
9.33
(0.31)

India (CIFRI, 2006-07). With this background,
the present investigation was carried out to study
the impact of unit rise of temperature on the growth
of L. rohita, a widely cultured freshwater fish
species in India.

L. rohita fingerlings were obtained from the local
fish farms. The fishes were acclimated to
laboratory conditions for three weeks in the
laboratory in running water fiber glass tank at a
stocking density of 0.4 gl-I at 28° C The water
quality conditions were pH (7.8-8.0), alkalinity
(85-190 mg 1-1),hardness (285-295 mg I-I),DO
(5.5-6 mg I-I)with 12 hr light and 12 hr darkness.
All the fishes were fed pelletised feed (wheat flour
and whole egg, dry matter 92.28%, crude protein
33.13%, crude lipid 11.53%, ash 12.67%)
ad libitum daily and one fourth water was
exchanged daily. The feeding trial was conducted
in different temperature levels i.e. 29°C, 30 °C,
31°C, 32 °C, 33°C, 34 °C and 35°C in seven
thermostatic aquarium (100 1) in the EcoToxicology Laboratory, Central Inland Fisheries
Research Institute, Barrackpore, Kolkata. Each
aquarium was stocked with 30 nos. of fish.

After the first 24 hours, dead fishes if any were
replaced with live fish. Initially,average fish weight
ranged from 5.01 to 5.10 gm/fish (Table I).For
five weeks, 10 fishes were removed weekly from
each aquarium for measure of their body weight.
The growth rate of the fish in each aquarium was
expressed by an exponential model.
W1=Wo *e(GD)
(1)
and the cumulative body weights were expressed
as a linear function oftime,
Ln(WI)=GD+Ln(Wo)
(2)
Where D is time in days, G is the daily growth
rate; Wo and WI are the initial and final average
body weight/fish.
The linear regression method was used to fit the
natural log of observed cumulative body weights
to this equation. The slope of the equation gives
the growth rate over time interval in days, which
then multiplied by 100, gives the percentage body
weight gained per day (%bw/day).
An analysis of variance (ANOVA) was done to
determine whether the specific growth ratio (SGR)
of fishes at different temperature levels were
similar or not.

Table 2. Daily growth rates of L. rohita fingerlings

Table 3. Growth rates with upper and lower confidence
limits (CL) for L. rohita fingerlings

Water
temp.

Water temperature

Days

Mean initial
weight(gm)

Avg. Growth rate
(SGR,% bw/d)

29°C

35

30°C

35

5.02
5.10

31°C

35

5.01

1.08
1.14

0.99
1.01

32°C

35

5.03

33°C

35

5.08

1.56

34°C

35

5.04

2.21

35°C

35

5.05

1.78

SpeCificgrowth rates (SGR) significantly different
at 5% level (P<0.05), were subjected to paired
t-test to test difference between each pair of growth
rates.
A simple linear model has been proposed as
g=a+bt
(3)
Where g is specific growth rate expressed as %
body weight per day, a is water temperature at
zero growth rate, b is the growth acceleration rate,
and t is the water temperature used to predict
maximum growth rates of fish fed maximum ration
at various water temperatures between 29°C to
34 0c. Microsoft Excel and SPSS software were
used to analyse the data.

In the present investigation, the change in the
growth rates were insignificant between 29°,
30 °,31 ° and 32°C grouped fish but growth rate
significantlyincreasedin the temperaturerange from
32 °C to 34°C and there after it decreased at
35 °C. Das et ai. (2005) however recorded
31 °-33 ° as the optimum temperature range for
growth of L. rohita. Fish growth is temperature
dependent and generally increases with
temperature
to an optimum level before
decreasing again (Kitchell et ai., 1977 ; Myrick

(0C)
29°C
30°C
31°C
32°C
33°C
34°C
35°C

Growth rate
Lower

Upper

% bw/d

CL

CL

r

0.99
1.01
1.08
1.14
1.56
2.21
1.78

0.37
0.55
0.73
1.01
1.06
1.81
1.11

1.69
1.36
1.44
1.27
2.06
2.69
2.39

0.85
0.87
0.88
0.82
0.89
0.91
0.86

and Cech, 2000). This optimum
temperature varies with species.

growth

The specific growth rates of L. rohita
fmgerlings within the experimental temperatures
were significantly different(F6 28=8.25, P=O.OO)
(Table 4). The specific growth rates of fish in each
temperature in our study ranged between 0.99%
to 2.21 % body weight per day (Table 2). Pair
t-test suggested that the growth of fishes were
significantly faster (2.21 % bw/day, -5.70<1>2.40,P<0.05) at 34°C than those at 29 °C,
30°C, 31 °C, 32°C 33 °C and 35°C and their
growth was also significantly greater at 33 °C and
35°C than those at 29 °C, 30°C, 31 °C and
32°C (1.57% bw/day and 1.55% bw/day, -3.70
<t<-2.60,P<0.05). i.e. the growth rate of fishes
at 35°C came down at approximately the same
rate as it was at 33 °C (Fig. 1).
There were no significant differences in growth at
all other possible paired water temperature group.
Assuming these growth rates constant, it would
take average 70-77 days for a fish to double its
weight at 33°C and 35 °C, but at 34°C it would
take only 35-36 days. The simple linear
regression model, based on data from our study
(Fig. 2) provided a significant fit (r= 0.72, P =
0.003, Fig. 1) the parameters of regression
equation were g = 0.22t- 5.69, where g is specific
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Fig. 1. Specific growth rate (% bw/d) of L. rohita
fingerlings at different temperature level

Fig. 2. Linear relationship
observed SGR for L. rohita

between

predicted

and

growth rate expressed as % bw/d and t is water
temperature.
Growth rates with upper and lower confidence
limits (CL) for L. rohita fingerlings reared at
temperature ranges from 29 °C-35 °C were
determined as the slope resulting from the
regression of the natural logarithms of weights of
individual fish as a function of time in days
expressed as percent body weight gained per day
(% bw/d). The coefficient of determination (r) are
also presented (Table 3).
The simple linear growth model of L. rohita
developed using the data generated, provides a
reliable projection of growth (SGR%) with unit
rise of temperature within the range of 29° to
34° C.

The data presented in our study may not reflect
the exact growth rates of fish under natural
system, the result demonstrate the growth rate
directly related to water temperature over the
normal temperature range 29°C to 35 °C
encountered by these species in tropical India.
In a climate warming scenario, water availability
during the dry season is likely to be an issue,
especially if precipitation decreases and / or
temperature increase during the period. Majority
of the piscicultulturist in India have smaller ponds
(80-250 m2) which will retain water for shorter
periods. Fishery biologist and hatchery manager
can use the model to optimise release timing and
growth period to achieve the maximum growth rate
in these ponds.

Table 4. ANOVA table for comparing specific growth rate (SGR)
ANOVA

SS

Between Temperature

8.535

MS
1.422

Within Temperature

4.826

0.172

Total

13.361

Source of Variation

F
8.253

P-value

F crit

0.000

2.445
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