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Thermal tolerance using critical thermal methodology and oxygen consumption rates of Horabagrus
brachysoma (23.01+2.04 g) were determined after acclimating the fish to 15, 20, 26, 31, 33 and 36 °C
temperature for 30 days. Critical thermal maxima, CTMax, (34.86±0.09, 38.05±0.06, 40.23±0.12, 41.79±
0.09, 42.44±0.05, and 42.79±0.02) and critical thermal minima, CTMin, (13.17±0.09, 13.56±0.05, 14.15±
0.10, 15.37±0.10, 16.39±0.12, and 18.37±0.04) increased significantly (Pb0.05) with increasing acclimation
temperatures. A thermal tolerance polygon over the range of 15 to 36 °C had a calculated area of 526.6 °C2.
Oxygen consumption rate increased significantly (Pb0.05) with increasing acclimation temperature between
15 to 31 °C and 33 to 36 °C.Maximum andminimum temperature quotients (Q10) were observed between 15–20
and 31–33 °C as 2.59 and 1.53, respectively. Final preferred temperature estimated from the Q10 value was
between 31 and 33 °C. Results indicate that H. brachysoma has better capability for adapting to higher tem-
peratures and suggest their culture potential in tropical regions.

© 2009 Elsevier B.V. All rights reserved.

1. Introduction

Among the various physical factors affecting the aquatic environ-
ment, temperature is of paramount importance and is considered as
the ‘abiotic master factor’ for fishes (Brett, 1971). Any rise in the
atmospheric temperature due to natural variations or pollution-
induced greenhouse effect will influence the water temperature.
Global climate change is suggested to potentially affect freshwater
fisheries by lowering productivity in wild fish populations and in
intensive aquaculture systemsworldwide (Ficke et al., 2007). As fishes
are poikilotherms, drastic change in their surrounding water
temperature will influence their metabolic processes, behavior,
migration, growth, reproduction, and survival (Fry, 1971; Pörtner,
2001). Therefore, researchers are making continuous efforts to define
thermal tolerance of various fish species of aquaculture importance.
Long-term changes in the environmental temperature induce
ectothermic animals to display compensatory responses (which
include changes in the metabolic enzymes and tissue chemistry)
that are suggested to mitigate the effect of temperature on
metabolism (Hazel and Prosser, 1974; Hochachka and Somero,
1971). Temperature beyond the optimum limits of a particular species,
however, adversely affects fish health by increasingmetabolic rate and
subsequent oxygen demand, invasiveness and virulence of bacteria

and other pathogens which in turn may cause a variety of patho-
physiological disturbances in the host (Wedemeyer et al., 1999).

Freshwater aquaculture constitutes one-third of the total fish pro-
duction in India, where Indian major carps (IMCs; Family: Cyprinidae)
contribute a major share (ICAR, 2005). Nevertheless, diversification of
aquaculture, by introducing new fish species is gaining impetus due to
the wide agro-climatic conditions of India and to keep pace with the
mounting demand for fish protein. Catfishes are the preferred candidate
species for aquaculture in India owing to their consumer preference,
commercial and medicinal value (Auddy et al., 1994). Culture practices
of Clarias batrachus and Heteropneustes fossilis have been popularized
widely. Studies on thermal tolerance of catfishes native to India are
reported for H. fossilis (Vasal and Sundararaj, 1978) and Pangasius
pangasius (Debnath et al., 2006). However, the yellow catfish, Horaba-
grus brachysoma (Günther) has not received much research attention.

H. brachysoma is a rare and endemic species belonging to the
family Bagridae. The distribution of this catfish is restricted to the river
systems of Kerala (Karuvannoor, Chalakkudy, Pampa, Achankovil and
Vembanad Lake) (Anvar Ali et al., 2007) and Karnataka (Kali and
Aghanashini) (Bhat, 2001) states of Southern India. The catfish has
great aquaculture potential because it is relished as a food fish and also
valued in the ornamental trade (Anvar Ali et al., 2007). However,
during the last few years, the population of H. brachysoma in Kerala
has sharply declined due to overexploitation, habitat loss, pollution
and anthropogenic pressures (Anvar Ali et al., 2007; Sreeraj et al.,
2006) and has been listed as an endangered species (Molur and
Walker, 2001). Conservation measures such as, captive breeding, milt
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cryopreservation, and culturing in small-scale rural farming systems
have been considered (Sreeraj et al., 2006). Studies pertaining to the
length–weight relationship (Kumar et al., 1999), characterization
using cytogenetic markers (Nagpure et al., 2003), food and feeding
habits (Sreeraj et al., 2006), and population genetics (Abdul Muneer
et al., 2007) are reported for H. brachysoma. However, there are
currently no published data on adaptive thermal responses of this
endemic catfish. Both for successful cultivation as well as conservation
of this species, it is important to understand its tolerance and adaptive
responses to various environmental conditions. Therefore, the present
study was conducted to investigate the thermal tolerance and oxygen
consumption rates of H. brachysoma acclimated to different acclima-
tion temperatures. This study will provide a better understanding of
the fish's culture potential across a wide agro-climatic region, and will
also provide insights into potential impacts of global warming and
climatic change on H. brachysoma.

2. Materials and methods

2.1. Fish handling and acclimation

H. brachysoma (23.01±2.04 g) procured from the local vendor
(Aquatic world, Mumbai, India) were transported with proper
oxygenation to the laboratory of the Central Institute of Fisheries
Education, Mumbai, India. They were first given a prophylactic dip
in salt solution (2%) and were then maintained in the laboratory
conditions (26±1 °C) for 15 days. Fish were fed ad libitum daily with
live tubifex worms during the experimental period. Acclimation of fish
(12 per test temperature; 6 per aquarium) was carried out in ther-
mostatic aquaria (water capacity 52 L, sensitivity±0.2 °C) separately
at test temperatures of 15, 20, 26, 31, 33, and 36 °C. The water tem-
perature in the aquaria was increased or decreased at a rate of 1 °C
per day from the ambient temperature (26±2 °C) to reach the treat-
ment temperatures. After achieving the desired test temperatures,
fish were maintained in their respective temperatures for a period of
30 days. The acclimation procedure followed in our present study was
based on our earlier investigations on various fishes (Chatterjee et al.,
2004; Das et al., 2004; Debnath et al., 2006; Sarma et al., in press), and
from other studies on sheepshead minnow, Cyprinodon variegates
(Bennett and Beitinger, 1997) and channel catfish, Ictalurus punctatus
(Bennett et al., 1998). During the acclimation period, dissolved oxygen
(DO) concentrations of 5.8±0.5 mg/L were maintained by contin-
uous aeration using a 2 HP centralized air blower. Water exchangewas
carried out on alternate days to maintain the water quality. The fish
were not fed for 24 h before being subjected to the temperature
tolerance and oxygen consumption experiments.

2.2. Determination of temperature tolerance

Thermal tolerance of H. brachysomawas evaluated after 30 days of
acclimation using the critical thermal methodology (CTM). Because
the CTM does not involve death as the experimental end point, it is a
useful method for estimating the thermal tolerances of endangered or
threatened fish species (Bennett et al., 1997; Gelbach et al., 1978). A
total of 72 fish were used for determination of thermal tolerance. The
CTM tests were conducted in their respective thermistatic aquarium
to avoid handling stress in the fish. Fish (12 per treatment; 6 per
aquarium for CTMax and CTMin tests, respectively) acclimated to a
particular temperature were subjected to constant rate (0.3 °C per
min) of increase or decrease in the water temperature until loss of
equilibrium (LOE) was reached, which were designated as the critical
thermal maxima (CTMax) and critical thermal minima (CTMin),
respectively (Becker and Genoway, 1979; Beitinger et al., 2000).
Continuous aeration was provided during each test to maintain
adequate DO levels, and the temperature at which LOE occurred was
recorded for each fish. The fish were then subsequently transferred to

their respective acclimation temperatures and monitored for the next
24 h, during which all fish were recovered. The thermal tolerance
polygon was generated by plotting the acclimation temperatures on
the X-axis and the mean CTMax and CTMin values on the Y-axis. The
thermal tolerance zone area was calculated from the polygon and
expressed as °C2.

2.3. Determination of oxygen consumption rates

Oxygen consumption rates were measured in a static respirometer
chamber, using a separate group of fish acclimated to different
temperatures (15, 20, 26, 31, 33, and 36 °C), following the method
adopted in our earlier investigations (Debnath et al., 2006). Briefly,
fish (6 per treatment), acclimated to a particular temperature
(30 days) were placed individually into a sealed glass chamber (5 L)
with 6.4mm thick glass lid, cut to cover the top portion completely. An
opening in the lid fitted with a gasket to ensure an air-tight seal
permitted the insertion of a DO probe. The chamber was placed inside
the thermostatic aquarium set at the respective test temperatures. All
four sides of the aquarium were covered with opaque screens to
minimize visual disturbances of the experimental fish. The oxygen
consumption experiment was carried out for an hour. The initial and
final oxygen contents in the static respirometer were measured using
a digital oxy-meter 330 (sensitivity 0.01 mg O2/L, E-Merck, Germany),
and the oxygen consumption rates for individual fish were expressed
as mg O2/kg/h. The temperature quotients (Q10) were calculated to
assess the effect of acclimation on oxygen consumption rate by using
the formula:

Q10 = Rate2 =Rate1ð Þ 10=Temp2−Temp1ð Þ
:

2.4. Statistical analysis

Statistical analyses for the acclimation temperature dependent
relationships of CTMax, CTMin, and oxygen consumption rate were
performed using one-way analysis of variance (ANOVA) via SPSS 14.0
(SPSS, Chicago, IL, USA) for Windows. Oxygen consumption values
were mass-adjusted considering mass exponent of 0.80 and reported
at standard temperature and pressure (Cech,1990). Duncan's multiple
range tests were used to compare the differences among treatment
means at Pb0.05. Data presented in the text, figures, and table are
means±standard error. Simple regression analysis was performed
using Microsoft Office Excel spread sheet.

3. Results and discussion

No mortality was recorded during the 24 h observation period
subsequent to CTM trials. The CTMax and CTMin values increased sig-
nificantly (Pb0.05)with increasing acclimation temperature (Table 1).
The strong relationship between the acclimation temperatures and the
thermal tolerance level (CTM) ofH. brachysoma supports evidence that
temperature adaptation is an essential physiological phenomenon in

Table 1
Critical thermal maxima (CTMax) and critical thermal minima (CTMin) of Horabagrus
brachysoma acclimated to 15, 20, 26, 31, 33, and 36 °C.

Acclimation temperature (°C) CTMax (°C) CTMin (°C)

15 34.86±0.09a 13.17±0.09a

20 38.05±0.06b 13.56±0.05b

26 40.23±0.12c 14.15±0.10c

31 41.79±0.09d 15.37±0.10d

33 42.44±0.05e 16.39±0.12e

36 42.79±0.02f 18.37±0.04f

Values are expressed as mean±SE (n=6). Different superscript letters (a, b, c, d, e and
f) in the same column indicate significant difference (ANOVA, Pb0.05).
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fishes and is dependent on the acclimation temperature (Beitinger and
Beninett, 2000). These results are in agreement with the findings of
our earlier investigations on IMCs (Labeo rohita, Catla catla and Cir-
rhinus mrigala) advance fingerlings (Das et al., 2004), common carp
(Cyprinus carpio) early fingerlings (Chatterjee et al., 2004), yellowtail
catfish (P. pangasius) (Debnath et al., 2006), and climbing perch
(Anabas testudineus) (Sarma et al., in press). Similar observationswere
also reported for CTMin in red-bellied piranha (Pygocentrus natteri)
(Bennett et al., 1997), largemouth bass (Micropterus salmoides) (Currie
et al., 1998), and for CTMax in M. salmoides (Currie et al., 1998),
tigerperches (Therapon jarbua), and pearl spot (Etroplus suratensis)
(Rajaguru, 2002). The thermal tolerance polygon area for H. brachy-
soma acclimated between 15 and 36 °C was calculated as 526.6 °C2

(Fig. 1). There was no parallel report available for H. brachysoma or
its closely related species to compare our present finding. Data ex-
tracted from our earlier investigation on the IMCs, L. rohita, C. catla,
and C. mrigala (Das et al., 2004) over the same acclimation tem-
perature range (15–36 °C) revealed thermal tolerance zones of 562.1,
543.4, and 603.8 °C2, respectively. Results indicated that the zone
of thermal tolerance of H. brachysoma is smaller than IMCs. The
regression slope for CTMax and CTMin of H. brachysoma revealed that
for every 1 °C increase in the acclimation temperature the CTMax

(y=0.37x+30, R2=0.9652) and CTMin (y=0.22x+9.15, R2=0.8447)
increased by 0.37 and 0.22 °C, respectively. These results showed that, in
H. brachysoma changes in the acclimation temperatures have a greater
effecton their tolerance tohigh temperatures than to cold temperatures;
therefore, it could be suggested that H. brachysoma has better adaptive
capability to warm temperatures than to cold temperatures.

The oxygen consumption rates of H. brachysoma increased sig-
nificantly (Pb0.05) with increasing acclimation temperatures. How-
ever, no significant change in the oxygen consumption rates were
observed between 31 and 33 °C (Fig. 2). In poikilothermic animals, the
metabolic responses that are quantified in terms of oxygen consump-
tion show a linear correlation to temperature due to its direct effect
on the kinetics of the enzyme reactions involved (Hazel and Prosser,
1974; Hochachka and Somero, 1971). Similar observations were made
for IMCs (L. rohita, C. catla, and C. mrigala) (Das et al., 2004),
P. pangasius (Debnath et al., 2006), early fingerlings of L. rohita and
C. carpio (Chatterjee et al., 2004), crucian carp Carassius carassius and
C. auratus (Sollid et al., 2005), and M. salmoides juveniles (Díaz et al.,
2007).

The Q10 values calculated from the oxygen consumption rates
decreased with increasing acclimation temperature, however, the

values increased between 33 and 36 °C. Highest and lowest Q10 values
of 2.59 and 1.49 were observed between 15–20 and 31–33 °C
acclimation temperatures, respectively. The Q10 increased to 1.72
between 33 and 36 °C acclimation temperatures (Fig. 2). Generally,Q10

values in ectotherms fall with increasing temperature (Prosser, 1986;
Sollid et al., 2005; Withers, 1992). The results obtained in our present
investigation are in agreement with earlier reports in C. carassius
(Sollid et al., 2005) and M. salmoides juveniles (Díaz et al., 2007).
However, the metabolic responses depend on the temperature,
acclimation period, and the species under investigation (Dent and
Lutterschmidt, 2003; Díaz et al., 2007). Dent and Lutterschmidt (2003)
suggested that freshwater fish demonstrate physiological plasticity
when they are able to regain or approach their metabolic set-point
(viz., quantitative or qualitative changes in enzyme expression)within
the context of their thermally fluctuating environments. This relation-
ship predicts that fish with greater plasticity in the routine metabolic
rate will have a smaller Q10. In the present study, lowest Q10 value was
observed between 31 and 33 °C (1.53), which indicates thatwithin this
rangeH. brachysomahas a better capacity formaintaining homeostasis.
Brett (1971) and Kellog and Gift (1983) have pointed out that the final
preferred temperature coincides with optimum temperature for
various physiological processes, particularly for growth (Tsuchida,
1995). Kita et al. (1996) reported that the final preferred temperature
corresponds to the temperature at which increase in oxygen con-
sumption rate with temperature is gradually lessened. The decrease in
Q10 indicates that the metabolic rate of the fish has decreased and that
more energy is potentially available for growth (Díaz et al., 2007).
Thus, the final preferred temperature may be estimated indirectly
based on the relationship between Q10 for oxygen consumption rates
and the acclimation temperatures (Das et al., 2004). Therefore, it could
be suggested that the final preferred temperature of H. brachysoma is
in the range of 31–33 °C. Interestingly, the preferred temperature of the
IMCs (L. rohita, C. catla, and C. mrigala) is also reported to be in the
range of 31–33 °C (Das et al., 2004). Similarly, the catfish H. fossilis
acclimatized to 28 °C (summer) or 16 °C (winter) temperatures finally
selected temperatures ranging from 31.3 to 32 °C, when placed in a
temperature gradient of 15 to 35 °C (Vasal and Sundararaj,1978). These
observations indicated a common trend in the final preferred
temperature in these tropical water fishes, which suggests that H.
brachysoma may also exhibit a similar pattern of energy utilization
during thermal acclimation.

In conclusion, the present study showed that H. brachysoma has
better adaptive capabilities at higher temperatures. In addition, the

Fig. 1. Thermal tolerance polygon of Horabagrus brachysoma generated from the critical
thermal limits (CTMax and CTMin) at six acclimation temperatures.

Fig. 2. Oxygen consumption rates of Horabagrus brachysoma acclimated to 15, 20, 26, 31,
33, and 36 °C. Values are expressed asmean±SE (n=6). Different superscript letters (a,
b, c, d, and e) indicate significant difference (ANOVA, Pb0.05). Numbers in parenthesis
are Q10s between acclimation temperatures (15–20, 20–26, 26–31, 31–33 and 33–36 °C).
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final preferred temperature of H. brachysoma is comparable to that of
the IMCs and the catfish H. fossilis indicating high culture potential for
H. brachysoma in tropical freshwater regions. Further investigations on
various biochemical changes including the induction of stress proteins
and metabolic enzymes may help to understand the adaptive
physiological responses of this catfish to high temperatures. Studies
on the nutrient requirements at different life stages are also required
before adopting this species for aquaculture.

Acknowledgments

The first author was senior research fellow in the thermal ecology
project funded by the Board of Research of Nuclear Sciences (BRNS).
The authors acknowledge the financial support from BRNS, Depart-
ment of Atomic Energy, Government of India (BRNS Sanction No. 99/
36/22/BRNS, Grant No. 089).

References

Abdul Muneer, P.M., Gopalakrishna, A., Lal, K.K., Mohindra, A., 2007. Population genetic
structure of endemic and endangered yellow catfish, Horabagrus brachysoma, using
allozyme markers. Biochem. Genet. 45, 637–645.

Anvar Ali, P.H., Raghavan, R., Prasad, G., 2007. Threatened fishes of the world: Horaba-
grus brachysoma (Günther, 1864) (Bagridae). Environ. Biol. Fisches 78, 221.

Auddy, B., Alam, M.I., Gomes, A., 1994. Pharmacological actions of the venom of the
Indian catfish (Plotosus canius Hamilton). Ind. J. Med. Res. 99, 47–51.

Becker, D.C., Genoway, R.G., 1979. Evaluation of the critical thermal maximum for
determining thermal tolerance of freshwater fish. Environ. Biol. Fisches 4, 245–256.

Beitinger, T.L., Beninett, W.A., 2000. Quantification of the role of acclimation
temperature in temperature tolerance of fishes. Environ. Biol. Fisches 58, 277–288.

Beitinger, T.L., Bennett, W.A., McCauley, R.W., 2000. Temperature tolerances of North
American freshwater fishes exposed to dynamic changes in temperature. Environ.
Biol. Fisches 58, 237–275.

Bennett, W.A., Beitinger, T.L., 1997. Temperature tolerance of the sheepshead minnow,
Cyprinodon variegatus. Copeia 1, 77–87.

Bennett, W.A., Currie, R., Wagner, P.F., Beitinger, T.L., 1997. Cold tolerance and potential
overwintering of redbodied piranha, Pygocentrus nattereri, in the United States.
Trans. Am. Fish. Soc. 126, 841–849.

Bennett, W.A., McCauley, R.W., Beitinger, T.L., 1998. Rate of gain and loss of heat
tolerance in channel catfish. Trans. Am. Fish. Soc. 127, 1051–1058.

Bhat, A., 2001. New report of the species, Horabagrus brachysoma in Uttara Kannada
district of Karnataka. J. Bombay Nat. Hist. Soc. 98, 294–296.

Brett, J.R.,1971. Energetic responses of salmon to temperature. A study of thermal relations
in the physiology and freshwater ecology of sockeye salmon (Oncorhynchus nerka).
Am. Zool. 11, 99–113.

Cech, J.J., 1990. Respirometry. In: Schreck, C.B., Moyle, P.B. (Eds.), Methods for Fish
Biology. American Fisheries Society, Bethesda, MD, pp. 335–356.

Chatterjee, N., Pal, A.K., Manush, S.M., Das, T., Mukherjee, S.C., 2004. Thermal tolerance
and oxygen consumption of Labeo rohita and Cyprinus carpio early fingerlings
acclimated to three different temperatures. J. Therm. Biol. 29, 265–270.

Currie, R.J., Bennett, W.A., Beitinger, T.L., 1998. Critical thermal minima and maxima of
three freshwater game-fish species acclimated to constant temperatures. Environ.
Biol. Fisches 51, 187–200.

Das, T., Pal, A.K., Chakraborty, S.K., Manush, S.M., Chatterjee, N., Mukherjee, S.C., 2004.
Thermal tolerance and oxygen consumption of Indian Major Carps acclimated to
four temperatures. J. Therm. Biol. 29, 157–163.

Debnath, D., Pal, A.K., Sahu, N.P., Baruah, K., Yengkokpam, S., Das, T., Manush, S., 2006.
Thermal tolerance and metabolic activity of yellowtail catfish Pangasius pangasius

(Hamilton) advanced fingerlings with emphasis on their culture potential. Aqua-
culture 258, 606–610.

Dent, L., Lutterschmidt, W.I., 2003. Comparative thermal physiology of two sympatric
sunfishes (Centrarchidae: Perciformes) with a discussion of microhabitat utiliza-
tion. J. Therm. Biol. 28, 67–74.

Díaz, F., Denisse, Re A., González, R.A., Sánchez, L.N., Leyva, G., Valenzuela, F., 2007.
Temperature preference and oxygen consumption of the largemouth bass Mi-
cropterus salmoides (Lacépéde) acclimated to different temperatures. Aquac. Res.
38, 1387–1394.

Ficke, A.D., Myrick, C.A., Hansen, L.J., 2007. Potential impacts of global climate change
on freshwater fisheries. Rev. Fish Biol. Fish. 17, 581–613.

Fry, F.E.J.,1971. The effect of environmental factors on the physiology of fish. In: Hoar,W.S.,
Randall, D.J. (Eds.), Fish physiology, Vol.: VI Environmental relations and behaviour.
Academic press, New York and London, pp. 1–99.

Gelbach, F.R., Bryan, C.L., Reno, H.A., 1978. Thermal ecological features of Cyprinodon
elegans and Gambusia nobilis, endangered Texas fishes. Texas J. Sci. 30, 99–100.

Hazel, J.R., Prosser, C.L., 1974. Molecular mechanisms of temperature compensation in
poikilotherms. Physiol. Rev. 54, 620–677.

Hochachka, P.W., Somero, G.N., 1971. Biochemical adaptation to the environment. In:
Hoar, W.S., Randall, D.J. (Eds.), Fish Physiology. Academic Press, New York and
London, pp. 100–148.

ICAR, 2005. Handbook of Fisheries and Aquaculture. New Delhi: Directorate of
Information and Publication. Indian Council of Agricultural Research.

Kellog, R.L., Gift, J.J., 1983. Relationships between optimum temperatures for growth
and preferred temperatures for the young of four fish species. Trans. Am. Fish. Soc.
112, 424–430.

Kita, J., Tsuchida, S., Setoguma, T., 1996. Temperature preference and tolerance, and
oxygen consumption of the marbled rock-fish, Sebastiscus marmoratus. Mar. Biol.
125, 467–471.

Kumar, S., Mercey, T.V.A., John, K.C., 1999. Length–weight relationship in the catfish
Horabagrus brachysoma (Günther). Indian J. Fish. 46, 191–193.

Molur, S., Walker, S., 2001. Conservation assessment and management plan. Workshop
report by Zoo Outreach Organization. CBSG, Indian Edition, Coimbatore.

Nagpure, N.S., Kushwaha, B., Srivastava, S.K., Kumar, R., Gopalakrishnan, A., Basheer, V.S.,
Verma, M.S., 2003. Characterization of endemic fish species from Western Ghats,
Labeo dussumieri, Horabagrus brachysoma, and Puntius filamentosus using cytoge-
netic markers. Nucleus 46, 110–114.

Pörtner, H.O., 2001. Climatic change and temperature dependent biogeography: oxygen
limitation of thermal tolerance in animals. Naturwissenschaften 88, 137–146.

Prosser, C.L., 1986. Temperature. In: Prosser, C.L. (Ed.), Adaptational Biology. John Wiley
and Sons, New York, pp. 260–321.

Rajaguru, S., 2002. Critical thermal maximum of seven estuarine fishes. J. Therm. Biol.
27, 125–128.

Sarma, K., Pal, A.K., Ayyappan, S., Das, T., Manush, S.M., Debnath, D., Baruah, K., in press.
Acclimation of Anabas testudineus (Bloch) to three test temperatures influences
thermal tolerance and oxygen consumption. Fish Physiol. Biochem. doi:10.1007/
s10695-008-9293-3.

Sollid, J., Weber, R.E., Nilsson, G.E., 2005. Temperature alters the respiratory surface
area of crucian carp Carassius carassius and goldfish Carassius auratus. J. Exp. Biol.
208, 1109–1116.

Sreeraj, N., Raghavan, R., Prasad, G., 2006. The diet of Horabagrus brachysoma
(Günther), an endangered bagrid catfish from Lake Vembanad (South India).
J. Fish Biol. 69, 637–642.

Tsuchida, S., 1995. The relationship between upper temperature tolerance and final
preferendum of Japanese marine fish. J. Therm. Biol. 20, 35–41.

Vasal, S., Sundararaj, I.S., 1978. Thermal tolerance and preference of the Indian catfish
Heteropneustes fossilis. Environ. Biol. Fisches 3, 309–315.

Wedemeyer, G.A., Meyer, F.P., Smith, L., 1999. Environmental stress and Fish diseases.
Narendra publication house, Delhi, India.

Withers, P.C., 1992. Temperature. In:Withers, P.C. (Ed.), Comparative animal physiology.
Saunders college publishing, New York, pp. 122–191.

119R.S. Dalvi et al. / Aquaculture 295 (2009) 116–119


