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ABSTRACT

Growth performance and some haematological aspects of carp,
Cyprinus carpio were evaluated under laboratory conditions for fish
acclimated at three different temperatures (20, 25 and 30°C). Fish
were maintained for 42 days at ration of 1% wet body weight per day
(limited energy). The mean survival rate of fish reared at different
temperatures were 100%. There was a statistically significant effect
of temperature on growth performance. The optimum temperature for
best growth performance was achieved at 20°C. On the other hand,
blood constituents were measured in an attempt to identify the effects
of exposure to different temperatures. Plasma total protein, total lipid
triglyceride, cholesterol and sodium ions all decreased with
increasing temperature while red blood cell counts, haemoglobin
content and plasma glucose levels were increased. It is concludea
that, an increase of acclimation temperature can place a stress of
considerable magnitude on the homeostatic mechanisms of fish.

INTRODUCTION

Temperature has been shown to be one of the most important environme:
factors affecting the growth of fishes. Temperature affect several feen
related factors on fish including digestiori rate (Jobling ef al., 1977); satia
time (Grove ef al, 1978), appetite (Waiwood, 1978); feed frequencr 4
maximum meal size (Gwyther and Grove, 1981) and finally metabolic
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(Rice, 1990). An increase in temperature should lead to increased maintenance
requirements and food intake. Therefore, the rate of growth will vary with the
ability of the fish to digest more food than is required for maintenance. The
expected relationship between temperature and growth is that there will be little
or no growth below a certain temperature, above this, the growth rate should
increase with temperature to a maximum and then decrease, perhaps-becoming
negative at temperature, approaching the lethal limit. This relationship was
found by Al-Jerian and Younis (1998) for Oreochromis mossambicus with an
optimum temperature for rapid growth at 25°. For Salmo trutta, however, the
relationship is different. Brown (1957) found two optimum temperature ranges
for two-year-old trout, 7-9°C and 16-19°C. Below, between and above these
temperatures, the growth rate were lower. Relatively little quantitative
information is available concerning the thermal ecology of carp particulary with
respect to growth performance and haematological aspects. These parameters
are curently recognized as a sensitive indication of physiological condition and
water quality (Murray, 1984; Rice, 1990).

The prime purpose of this study is to determine how temperature affects
growth performance and some haematological aspects of carp under limited
source of energy to a better understanding of the temperature requirements of
this species.

MATERIALS AND METHODS

Specimens of carp, Cyprinus carpio, weighing 101.4 + 4.9g, were obtained
fiom Dolna Odra, Szczecin, Poland and acclimated under appropriate
experimental conditions for at least two weeks at three different temperatures
(20, 25 and >0°). Only those individuals that appeared healthy at the end of
acclimation were used in the tests. Ten fish were randomly distributed in three
glass aquaria containing 200L of aerated dechlorinated tap-water. The physico-
chemical characteristics of water in each aquarium (according to the Standard
Methods for the Examination of Water and Wastewater, 1975) are shown in
Table (1). The fish were fed on a diet containing 35% crude protein and 421.5
Kcal/100g. The ingredients and composition of the pellet feed are shown in
Table (2). Fish were fed two times daily (9.00 an and 14.00pm) for seven days a
week at a rate of 1% of their wet biomass per day (limited energy) and
readjusted bi-weekly after the biomass of fish in each aquarium was
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Table (1): The physico-chemical characteristics of water in each
different temperature acclimation

Parameter Temperature ‘
20°C 25°C 30°C
pH 7.89 8.12 8.33
Conductivity pohm/cm? 457.0 462.0 4440
T. Hardness (mg/l) 4.5 4.2, 4.3
T. Solid (mg/!) 678.0 655.0 639.0
S. Solid (mg/l) 12.0 10.0 10.0
D. Solid {(mg/l) 666.0 645.0 629.0
Biochemical oxygen demand {mg/l) 6.20 7.80 8.20
Chemical oxygen demand {mg/l) 24.0 32.0° 40.0
Ammonia {(mg/!) 0.982 1.056 1.543
Nitrite (mg/l) 0.012 0.014 0.015
Nitrate {(mg/!) 0.786 0.798 0.812
Sulphate (mg/) 32.6 28.4 33.7
Phosphate (mg/l) 0.023 0.031 0.042
Chloride {mgf!) 71.0 71.0 71.0

Table (2): Chemical analysis (%} in dry matter

of the experimental diet

item

%

A) Chemical analysis:

Crude Protein 35.0
Lipid 9.0
Nitrogen free extract 33.0
Fiber 40
Ash 10.0
Total phosphorus 1.3
el
B) Additives:
Vitamie A (IE/Kg) 2500
D (IE/Kg) 500
E (mg/kg) 100
Ethoxyquin (mg/kg) 100
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determined. Accumulated wasteé Were removed and fixed amount of water was
exchanged daily over the experimental period (42 days).

By the end of the experiment, fish in each aquarium were netted, counted
and weighed. Body compesition analysis were performed using standard
AQOAC (1980). Gross energy of the diets as-well as carcass energy count was
estimated according to NRC (1993).

The following formulae were used in these experiments :
Relative growth rate = Weight changes for specific time period / initial
weight X 100 '
Average daily gain = Average body gain / experimental period
Specific growth rate = Ln final weight — Ln initial weight / time in days
Condition factors = Weight X100 / Length *
Feed conversion ratio = g. dry feed / g . body gain
Feed efficiency ratio =g . body gain/ g . dry feed
Protein efficiency ratio = g . body gain / g. protein intake
Protein productive value = g . protein gain/ g . protein intake X100
Energy utilization = Energy gain / energy intake X100

To study the effects of different temperatures on some haematological -
aspects of carp, blood was coliected directly from the caudal artery into
heparinized capillary tubes, then pooled in eppendorf tubes. Red blood cell
counts (RBC’s) were counied according to the method of Kokot (1969).
Haemoglobin content (Hb) was measured according to Wintrobe (1981).
Plasma glucose, total lipid, triglyceride, cholesterol, total protein and sodium
ions were measured using Roche Diagnostic Systems (COBAS INTEGRA).

Statistical analysis of data was computed by the analysis of variance and the

least significant differences (LSD) between means according to Snedecor and
Cochran (1974).

RESULTS

The mean survival rate of carp reared at different temperatures (20, 25 and
30°) was 100% which means that thermal stress is not obvious i.e. the fish was
feeding properly and no external signs of abnormal behaviour.
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As shown in Table (3), the differences in growth performance of carp reared
at 20, 25 and 30°C were statistically significant (P< 0.01). Fish reared at 20"
grew better than those reared at 25°C and 30° e.g. relative growth rate for fish
~ reared at 20°C was 26.8% while those reared at 25°C and 30°C were 22.5% and
20.7%, respectively. Average daily gain (ADG), specific growth rate (SGR %
and the fish condition (K¢) showed the same trend . Feed and nutrient utilization
showed also significant variations (P < 0.01) between treatments The best feed
conversion ratio (FCR), feed efficiency ratio (FER), efficiency of proteis
utilization in term of protein productive value (PPV %) and protein efficien
ratio (PER) as well as the utilization of energy (EU %) all were achr cu at
20°C. Chemical composition of carps showed also significant differences (P -
0.01) when reared at different temperatures. Fish reared at 20°C had the highest
value of crude protein (21.3 %), lipid (1.4 %), dry matter (23.2 %) and gross
energy (573.4 Kcal/100 g).

As shown in Table (4), red blood cell counts (RBC’s) and haemoglobin
content (Hb) of fish reared at 20°C were 1.870 million/ml and 7.81g/100 ml. A
rise in water temperature to 25°C and 30°C exhibited a significant increases i
RBC’s counts to 2.040, 2.133 million/ml and Hb content to 8.48, 8.75 g/100 ml
respectively. Fish acclimated at 20°C had mean plasma glucose levels of 102 R
mg/100 ml. An increase of temperature to 25°C resulted in an increase of
plasma glucose levels to 119.4 mg/100 ml. This change was statistically
insignificant (P > 0.05). On the other side, a rise of temperature to 30°C
exhibited a significant (P < 0.01) disturbance in fish carbohydrate metabolism
as shown by the developed hyperglycemia (134.3 mg/100 ml). Plasma total
lipid, triglyceride and cholesterol as an indicator of lipid metabolism decreased
significantly (P < 0.01) with increasing temperature from 746.4, 291 9, 168 (
mg/100 ml at 20°C to 629.8, 214.8, 154.6 mg/100 at 25°C and to 597 9, 191 :
148.1 mg/100 ml at 30°C, respectively. Plasma total protein showed also the
same trend where it decreased significantly (P <0.01) from 3.0 g/100 m} ai
20°C to 2.5and 2.3 g/100 ml at 25°C and 30°C. Finally, significant (P < ( ()1}
reduction in plasma sodium ions (127.6 mmol/L) showed in fish adapted 10
30°C compared to those adapted at 20°C and 25°C (137.9 and 131.6 mmol/1 .+
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Table (4): Effects of different water acclimation on some haematological aspects of carp, Cyprinus carplo

Water temperature acclimation LSD

Item 20°C 25°C 30°C P< 0.05* P< 0.01**
RBC'S (million/ml) 1.870 £ 0.04 2.040 £0.04* | 2.133£0.06* 0.127 0.171
Haemoglobin (g/100ml) 781021 8.48£0.19* 8.75+0.22* 0.596 0.803
Total protein (g/100mi) 3.0+£0.11 25+0.14* 23007 0.329 0.447
Glucose (mg/100ml) 102.8+7.8 119471 1343+ 7.6™ 22.13 30.111
Total lipid (mg/100ml) 746.4 +38.4 629.8 £ 38.9* 597.9+14.2 95.888 130.463
Triglyceride (mg/100ml) 291.9+15.0 2148 +232* | 191.1+£10.7* 50.336 68.486
Cholesterol (mg/100ml) 168.0£ 3.7 1546+ 48 148.1 £ 4.5™ 12.898 17.549
Sodium (m mol/l) 137.9209 131.6+33 1276 £2.1* 6.851 9.327

Average of 10 fish t standard error
* Significant differences (P < 0.05) in comparison to 20°C.
** Significant differences (P < 0.01) in comparison to 20°C.
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DISCUSSION

The median tolerance limit of carp reared at 20°C, 25°C and 30°C were
100% which indicate that, this range of temperature meets the tolerance zone of
fish and not included the upper and lower critical ranges. For our experimental
amimal, the common carp, the preferendum was reported at 22-29°C and the
upper and lower avoidance should be at 31-35 and 24°C (Coutant, 1977).
These data are not really convinging because it was seen by Gluth and Hanke
(1984) that carp can really be kept for a longer time at 12°C and are relatively
sensitive to infection when kept higher than 22°C. Other references to thermal
requirements of carp are given by Alabaster and Lloyd (1980); Elliott (1981).
They referred to a normal feeding range from 15-32°C with optimum growth
between 24-28°C. Stress should be caused below 15°C and higher than 30°C.
Temperatures higher than 33°C could be lethal.

The present study revealed a significant effect of temperatures adaptation on
fish growth performance, feed utilization and body composition of carp fish.
The optimum temperature for best growth was achieved at 20°C when the
ration was 1% of the total body weight (limited energy). The obtained results
support the hypothesis that the optimum temperature for growth would drop as
the ration decreased, accompanied by a reduction in conversion efficiency.
This was based on the supposition that the decrease in maintenance metabolism
that accompanies reduced temperature would permit comparatively better
growth at lower temperatures when the source of energy was restricted. Brett
et al., (1969) found a change in the optimum growth from 15 to 5°C occurring
when the ration was reduced from 6 to 1.5% day. Moreover, the higher
metabolic costs caused by elevated water temperature can have large effects on
weight loss and lower body condition. Rice (1990) reported that, a 10%
increase in metabolic rate accompanied by elevation of temperature reduced net
growth in the largemouth bass simulation by 22% while 20% increase caused a
reduction of 42% in net growth. The obtained results are in agreement with
Letcher and Bengtson (1993) who found that growth rate of Menidia beryllina
decreased with increasing in temperature for fish eating specific weight of food.
It is worthy to note that, the optimum temperature range for the carpina
particular habitat may differ from that found in the present study because of the
effects of temperature on food requirements and efficiency of utilization of the
food ingested for growth. Therefore, it becomes clear that, the requirements for
food intake are increased as temperature increases (Winberg, 1956) and the
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efficiency of food conversion to growth isreduced (Mc Cromick, 1960). In
consequence, as food become limiting, the temperature for optimum growth is
progressively lowered (Brett ef al., 1969).

In this study, temperature acclimation modified haematological aspects of
carp. Red blood cell counts and haemoglobin content increased significantly
with increasing temperature. This response may be attributed to increased
demand of fish for more oxygen at higher temperature or a disturbance in water
balance (hemoconcentration) might have occurred. The obtained results are in
agreement with Lie ef al., (1989) and Frey et al., (1998).

Plasma total protein in this study was found to decrease significantly with
increased temperature. The reduced of plasma protein concentration could be
attributed to several processes including plasma dissolution, decrease liver
protein synthesis or alteration in hepatic blood flow. Moreover, Houston
(1973) suggested that plasma protein in fish are important in cardiovascular
adjustment to temperature changes and in immune response mechanisms. The
obtained results are in accordance with Castritsi-Catharios and Kavadias
(1993). On the other hand, plasma glucose levels of carp increased with
increasing temperature. A rise in plasma glucose levels was probably a
consequence of the increased epinephrine secretion which occurs with siress
and the conversion of lactate to glucose via the Cori cycle (Robertshaw, 1977).
The obtained results are in agreement with Mourad (1995) who found that
blood glucose level of the fish was temperature dependent However,
significant changes in plasma glucose levels were not included in fish when
temperature rose from 20°C to 25°C or from 25°C to0 30°C. On the other hand,
a rise of 10°C in temperature was enough to alter the glycemic level of fishes.
The effect of temperature on plasma glucose levels was found to be inconsistent
e.g. Dean and Goodnight (1964) reported that at low temperature, Ictalurus
melas and Pomoxis annularis become hyperglycemic, Lepemis macrochirus
become hypoglycemic and Micropterus salmoides remains unchanged. In
general, other environmental factors may be contributed to the reported
variations.

Lipid metabolism as indicated by plasma total hpid,.triglyceride and
cholesterol were affected by the acclimated temperature. These levels were
decreased significantly with increased temperature. One explanation for the

" decreased plasma lipid could be increased hepatic metabolism together with
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biliary secretion (temperature stimulated). Moreover, reduced feeding rate (1%
of total wet biomass) was also probably initiating factor. The report of Irvine
et al., (1957) that the resistance of goldfish to elevated holding temperature is
enhanced by increasing dietary lipid levels may be pertinent here. The obtained
results are in accordance with Wallaert and Babin (1994) who found that, in
rainbow trout, temperature variations modified plasma concentrations of lipid
and the peak of dietary lipid absorption occurred at low compared with high
temperature.

Finally, acclimation to temperature within the normal environmental range
generally resulted in small changes in plasma sodium ions content. Carp
adapted to 30°C showed a slight, but significant reduction in plasma sodium
concentration compared to those adapted to 20°C and 25°C. The obtained
results are in accordance with Houston ef al, (1968) who found that the
rainbow trout does not exhibited a very marked temperature dependant
variation in the ionic composition of its blood plasma.

From the above it becomes clear that temperature can act as a loading stress
on fish by affecting functions such as growth and metabolism especially when
food intake in reduced. The present study has led to a better understanding of
the temperature requirements of this species.
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