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Abstract

This study was conducted to investigate the efiétiigh water temperature on survival
and growth performance of Nile tilapia. Two ageugre of female Nile tilapia (9 and 50
days after hatching) were reared at 27, 32, 3531 water temperatures for 45-60
days. At the end of treatment, the mean surviaddl wweight, total length, daily growth
rate and food conversion ratio of both age grodfshbes were significantly reduced at
35 and 37°C compared to 27 and 32°C (p<0.05). $tewacluded that water temperature
ranging from 27-32°C seemed to be the most effector rearing of Nile tilapia
juveniles and fries, and higher temperature (>32f&lts in slow growth, reduce
feeding efficiency and increase mortality. Thisdstialso demonstrated the possible
impact of global warming on natural fishery resasic
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Introduction

Temperature is one of the environmental Over the past few years, rising global
factors with greatest influence on thetemperatures have received much attention
growth performance of animals. Being cold-because of their worldwide impact on
blooded animal, fish is affected by theecosystems. Global temperatures have
temperature of the surrounding water whiclwarmed by approximately 0.6°C in the last
influences the body temperature, growtttentury, a rate that has been unprecedented
rate, food consumption, feed conversion anch the last 1000 years. The climate models
other body functions (Britzt al, 1997; referenced by the Intergovernmental Panel
Azevedo et al, 1998). Therefore, water on Climate Change (IPCC, 2001) predicted
temperature is a driving force in the fish lifethat global temperatures are likely to
because its effects are more than any othercrease by 1.4 to 6.4°C in this century. The
single factor. Growth and livability in fish effects of climate change on the sex ratios
are optimum within a defined temperaturéhave already been inferred for some sea
range (Gadowaski and Caddell, 1991)turtles with TSD (Kamel and Mrosovsky,
Although short-term changes, such a2006; Hawkeset al, 2007) and for a few
weather conditions, may influence a fish foffish species (Strissmanet al, 1998).

a day or two, but temperature has morélowever, few studies have been conducted
predictable and seasonal effect. to forecast the potential threats of rising
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temperatures on growth and survival ofdah) were stocked at the rate of 100 fish, in
natural fish population. The increase of &0-L glass aquariums, each with a separate
few degrees in water temperature can set o##mperature  regulation, aeration and
ecological changes that will affect mostrecirculation system. Fish were reared at
forms of aquatic life. fixed water temperatures of 27°C (control),
The Nile tilapia Qreochromis 32°C, 35°C and 37°C for 45 days. In the
niloticus), an African Cichlid, is a fish of second experiment, Nile tilapia fries of 50
great commercial interest. Their tropical andlah were stocked at the rate of 60 fish, in
subtropical origins are clearly reflected in50-L glass aquariums, and fish were reared
their thermal preferendum; these fish do noat fixed water temperatures of 27°C
grow well at temperature below 16°C andcontrol), 35°C and 37°C for 60 days. A 2.0
cannot usually survive for more than a fenkW immersion thermostatic heater with a
days below 10°C (Chervinski, 1982), buttemperature regulator (DEL THERMO,
they are remarkably tolerant of highNITTO CO., LTD., JAPAN) was installed
temperatures, up to 40-42°C (Philippart anéh each aquarium to maintain the
Ruwet, 1982). The effects of waterpreselected water temperatures.
temperature on growth and development dExperimental water temperatures were
fish have been well documented for manwattained gradually by heating water at a rate
species (Anellet al, 2004; Chatterjeet al, of 5°C/day in order to avoid thermal shock.
2004; Larsson and Berglund, 2005). FoBoth experiments were conducted in a
Nile tilapia, most studies used fish at a lateompletely randomized design (CRD). Fish
stage of development when factors othewere fed on a granulated commercial diet
than temperature may have permaner{C-700 and 1000 Kyowa Hakko Kogyo,
effects on growth characteristics (Hauser td, Tokyo, Japan) twice a day. Fish
1977). No detailed information is availablegrowth, survival and feed conversion ratio
on the optimum temperature requirement ofFCR) were examined periodically
Nile tilapia fry. In this study, we examined throughout the experimental period. Water
the effect of different regimes of high-temperature (usingAs One’ temperature
temperature on survival, growth meter, SATO KEIRYOKI MFG, CO.,
performance and feeding efficiency of twoLTD., JAPAN) and fish mortality were
different age groups of female Nile tilapia. recorded daily throughout the experimental
period. Data were analyzed statistically by
Materials and methods analysis of variance (ANOVA) using SPSS
This study was conducted in the Sesokgversion 15.0) statistical software package
Station, Tropical Biosphere Researci(SPSS Inc., Chicago). All means were given
Center, University of the Ryukyus, with +1 standard error (S.E.).
Okinawa, Japan. Two sets of experiment
were conducted using different age groupResults and discussion
of female Nile tilapia Qreochromis The final body weight, total length, weight
niloticus). In the first experiment, Nile gain, survival rate, and FCR for all groups
tilapia juveniles of 9 days after hatchingof Nile tilapia in the present study are given
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in tables 1 and 2. Similarly, the fortnightly the 35 and 37°C (Tabs. 1-2). The results of
growth trends of all groups of fish in this study also revealed that the high water
different temperatures during treatment aréemperature above 32°C  significantly
given in figures 1 and 2. In 9 dah group ofeduced the survival, growth and feeding
fish, the survival rate was significantly efficiency of the Nile tilapia. Watanabet
reduced at 37°C (57%) compared to 27°@l. (1996) reported 25°C to be the optimum
(96%), 32°C (96%) and 35°C (95%)temperature for nutrient digestibility in
(p<0.05), whereas, there was no significantlapia, O. niloticus(L.) and common carp,
difference among 27°C, 32°C and 35°CCyprinus carpio
(p>0.05). In 50 dah group of fish, the O. niloticusis known to tolerate high
survival rate was significantly reduced atemperatures, up to 40-42°C (Philippart and
35°C (91%) and 37°C (80%) compared tdRuwet, 1982). However, the optimum
27°C (96%) (p<0.05). In both experimentsiemperature for feeding, growth and
most fish mortality took place during thereproduction is between 26 and 30°C
first and last week of the experiment. In thgHauser, 1977)The present study clearly
present study, growth performance of Nileshowed that the temperatures above 32°C
tilapia reared at 27, 32, 35 and 37°C wasnay significantly decrease the survival and
temperature dependent. In bothgrowth rate of Nile tilapia. The reduced
experiments, the final body weight, totalgrowth performance at 35 and 37°C could
length and daily weight gain were be attributed to the low food intake and high
significantly reduced at 35 and 37°Crate of gastric evacuation, as reported by
compared to 27 and 32°C (p<0.05) (Tabs. kElliot (1972), who observed a positive
2). At the end of the treatment, the mearorrelation between water temperature and
body weight was extremely low in 37°Cthe rate of gastric evacuation in fish. It has
treated groups (p<0.05); however, ndeen suggested that higher temperature
abnormalities was observed. These resultccelerates the rate of passing digesting
support the earlier findings that growth andood materials through the intestinal tract,
survival of fish are optimum within a thus reducing the digestibility and
defined temperature (Gadowaski andassimilation of nutrients, signifying that at
Caddell, 1991). high temperature, physiological processes
The acceptance response for the digissociated with digestion and nitrogen
in the fish varied in a remarkable way withretention function are less efficient in fish.
the experimental temperatures. All agdn the present experiment, we observed
groups of fish at 37°C in the present studynaximum growth of Nile tilapia at 27 and
fed slowly, compared with all other 32°C in relation with maximum feed
temperatures. Highly significant effects ofconsumption and better FCR as shown in
temperature (P<0.05) on feed consumptiotable 2.
and FCR were observed. Feed consumption  This study provides an insight into the
increased with increasing temperature untthermal effect on survival, growth and
32°C. Food conversion ratio differedfeeding efficiency of fish. It provides clear
between groups (p<0.05) and decreased evidence that even short-term exposure to
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Table 1. Effect of temperature on growth, survival and faadversion ratio of 9 dah group of Nile tilapieta
end of temperature treatment (45 days) (MeanSE).

Parameters 27 °C 32°C 35°C 37 °C
Total length (cm) 4.7+0%0 4.740.0° 4.5+0.0° 2.5+0.C°
Total weight (g) 1.820.0 1.820.0% 1.520.0° 0.60.1°
Growth rate (g/fish/day) 0.04+0°0 0.04+0.C° 0.03+0.6 0.01+0.6
Survival (%) 96+0.0 96+0.0° 95+1.0° 57+3.2°
FCR 2.3+0.6 2.2+0.C° 2.540.0° 3.2+0.C°

Values with different superscript letters in thensaow were significantly different (P<0.05).

Table 2. Effect of temperature on growth, survival and famshversion ratio of 50 dah group of Nile tilapta a
the end of temperature treatment (60 days) (Meah+SE

Parameters 27 °C 35°C 37 °C

Total length (cm) 10.520%2 7.6+0.0° 5.540.1°
Total weight (g) 22.2+¢1.9 16.320.8 2.60.1°
Growth rate (g/fish/day) 0.35+0°0 0.26+0.0 0.03+0.¢
Survival (%) 96+0.0 91+1.0° 80+4.0°
FCR 2.3+0.C°F 2.6+0.0° 3.1+0.0°

Values with different superscript letters in thensaow were significantly different (P<0.05).
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Figure 1. Fortnightly mean weight of Nile tilapia juvenilesdifferent temperatures during 45-day experiraknt
period. Fish were exposed to different temperatfioea 9 dah.
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Figure 2. Fortnightly mean weight of Nile tilapia fries aifferent temperatures during 60-day experimental
period. Fish were exposed to different temperatfroes 50 dah.

high-temperature has detrimental andvill face the same fate if exposed to high
sometimes lasting effects on all age groupwater temperature as stated in the present
of fish. According to the IPCC (2001), study. Overall, it is possible to conclude that
global temperature will raise 2-6°C in thisa temperature of 27-32°C is the optimum for
century. However, the summer temperaturgrowth of O. niloticus juveniles and fries;
of shallow water bodies in many regions ohigher temperature (35 and 37°C) results in
Africa, Middle East, Asia and Australia slow growth and increase mortality. Similar
might reach such predicted temperatureemperature optima have been noted in
much earlier. Thus, our findings indicateother members of the Cichlidae family. For
that predicted global warming scenarios wilexample,O. mossambiculas an optimum
affect the survival and growth of shallowtemperature of growth at 30°C afdapia
water species, and this might lead to masalli has an optimum feeding temperature
extinction of the affected species. Thebetween 28.8 and 31.4°C (Stickney, 1986).
present data only report the devastatinglowever, the effect of water temperature on
effect of elevated temperature on highnutrient digestibility of the diet fed to the
temperature tolerant tilapia  speciesNile tilapia still remains an important factor,
However, it is very likely that other teleostswhich might play an important role in
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understanding the growth performance oftadowaski, D.M. and S.M. Caddell 1991. Effects of

the fish.
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