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Background. Water temperature is a major factor regulating fish metabolism. It can influence body chemical 
composition and the incidence of body deformities. The latter often develop in farmed fish and this issue is 
currently emerging as a serious problem for aquaculture. Determining the effects of water temperature on body 
chemical composition and fish body deformities is an important subject for research in fish biology and nutrition, 
and aquaculture. The presently reported study was conducted using juvenile tench, Tinca tinca (Linnaeus, 1758), 
an important aquaculture species in Europe. Two hypotheses were tested: 1) temperature can significantly 
influence body chemical composition and the incidence of body deformities in fish; 2) the effects of temperature 
on fish depend on their diet.
Material and methods. Fish, with an initial total length of 28.4 ± 2.7 mm and body weight of 0.24 ± 0.07 g, were 
reared at 20, 23, and 26°C and fed dry feed Aller Futura (Aller Aqua, Denmark) only, or a combination of this 
feed and natural food (frozen larvae of Chironomidae) in a 3 ÷ 2 ratio of dry matter, or the natural food alone. The 
duration of the experiment and the daily food rations were adjusted to the experimental temperatures based on a 
correction factor, q, of 1.000, 0.779, or 0.609, respectively. The experiment duration was 92, 72, or 56 days for 
the respective temperatures.
Results. Body deformities occurred in all groups of fish fed solely or partially with the dry diet (21.5%–89.5%). 
The incidence of deformities was directly proportional to the temperature and the content of dry feed in the diet 
reaching the maximum in fish fed exclusively the dry diet at 26°C. Water temperature and fish diet influenced 
body chemical parameters (moisture, protein, lipid, ash, Ca, P, Mg, Ca ÷ P, Mg ÷ P), but water temperature did not 
have a significant effect on whole-body P content.
Conclusions. Water temperature proved to significantly influence fish chemical body composition and the 
incidence of body deformities in fish fed dry diet. The major factor that caused fish P deficiency, and resulted in 
low body ash content and body deformities, was insufficient bioavailability of P in the dry diet. Water temperature 
appeared to only modify P deficiency symptoms in fish.
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INTRODUCTION
Water temperature is a major factor regulating fish 

metabolic rates, energy expenditure, food intake, and 
nutritional efficiency. Metabolic rate increases exponentially 
with temperature, and, at any given temperature, the 
difference between the energy gained by fish via food intake 
and the energy consumption by metabolism determines the 
resources available for growth (Brett and Groves 1979). For 
cultured fish species, these are key parameters to maximize 
the efficiency with which consumed food is converted into 
body growth (Jobling 1994).

Increasing the water temperature results in an increase 
in the standard metabolic rate (SMR) up to a certain level 
from which a further increase in temperature depresses the 
metabolism. Fish growth tends to increase as the water 
temperature increases within an optimum range of water 
temperatures for the growth of a given species (Sadler et 
al. 1986). For early juvenile tench, Tinca tinca (Linnaeus, 
1758), a temperature range of 28–31°C is considered 
optimal for growth (Peňáz et al. 1989, Wolnicki and 
Korwin-Kossakowski 1993). However, the optimum 
water temperature for food utilization is generally slightly 
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lower than the optimum water temperature for growth, 
which is a widely-described phenomenon (Jobling 1994, 
Björnsson and Tryggvadóttir 1996, Imsland et al. 2006).

In fish, the temperature influences not only metabolism 
and growth, but all physiological processes such as 
ontogenetic development and physiological age (Craig 
1985, Kamler 1992). Temperature simultaneously 
influences different parameters; however, they often respond 
nonlinearly and unevenly. This makes it difficult to describe 
precisely the shape of the temperature–effect relation. 
Probably as a result, the research on finfish aquaculture has 
often focused on understanding the effects of temperature 
on growth and food efficiency parameters in relation to 
diet and duration of the experiment, rarely considering 
temperature as an important factor for the biological quality 
of fish. Hence, important questions regarding the influence 
of water temperature on fish body chemical composition 
and body deformities have often been ignored. Recently, 
the tendency of intensive aquaculture to produce fish of low 
biological quality, including those with body deformities, 
has become a problem of major importance (Witten et 
al. 2009, Boglione et al. 2013a, 2013b). In tench, an 
increasingly important aquaculture species, this problem is 
very common (Rennert et al. 2003, Wolnicki et al. 2003, 
2006, Kamler et al. 2006, Celada et al. 2009, García et al. 
2010, González-Rodríguez et al. 2014). 

Therefore, this study aimed to test the hypothesis that 
water temperature can significantly influence not only the 
growth and food conversion ratio, but also the chemical 
composition and the incidence of body deformities in tench 
juveniles fed different diets under controlled conditions.

MATERIALS AND METHODS
Fish. Tench larvae were obtained from the Samoklęski 
Fish Farm (SE Poland), a commercial hatchery. Before 
the commencement of this study, the fish were reared in a 
recirculating aquaculture system at 25°C for five months. 
For the initial six weeks of external feeding, fish were fed 
with live Artemia nauplii. For the remainder of the time 
before the experiment began they were fed chopped frozen 
Chironomidae larvae. At stocking, juveniles (28.4 ± 2.9 
mm TL, 0.24 ± 0.07 g BW, mean ± SD) were pre-selected 
to minimize variability in body size. Nine groups of 45 fish 
were stocked into 20 L experimental aquaria. They were 
acclimated to the experimental conditions for one week, 
during which they were fed 5 g of Chironomidae larvae 
per aquarium, daily. During the last 24 h of the acclimation 

period, water temperatures were gradually adjusted from 
25.0°C to the target experimental temperatures of 20.0, 
23.0, and 26.0°C.
Diet and feeding. One of the objectives of the study 
was to test the hypothesis that the effects of temperature 
on fish depend on their diet. Therefore, fish were fed 
distinctly different diets: a commercial starter feed for 
fish (Aller Futura 2; Aller Aqua, Denmark; diet F; Table 
1), a commercial natural food (frozen Chironomidae 
larvae, Katrinex, Poland; diet C), and a combined diet 
composed of diet F and diet C in a ratio of about 3 ÷ 2, 
with respect to dry matter content (diet FC). Diets were 
stored frozen (−20°C). Prior to feeding, the dry diet was 
refrigerated at 4°C for 1–7 days and Chironomidae larvae 
were thawed at about 20°C for 2–3 min before feeding. 
Feeding was performed every 3 h between 08:00 and 
20:00 (Table 2). Daily feeding rates were adjusted to the 
rearing temperatures according to Krogh’s normal curve 
(Winberg 1956), based on a temperature correction factor, 
q, of 1.00, 0.78, and 0.61 for water temperatures 20.0, 
23.0, and 26.0°C, respectively. The daily feeding dose was 
distributed manually, in five equal portions. Preliminary 
observations indicated that fish preferred diet C to diet 
F. To avoid a situation in which fish consumed diet F 
less effectively than diet C, in group FC, the dry diet was 
offered to fish at 08:00, 11:00 and 14:00, while natural food 
was given at 17:00 and 20:00. The experimental aquaria 
were illuminated from 08:00 to 21:00. The illumination 
measured on the water surface was about 700 lx.
Experimental setup. The experiment duration was also 
adjusted based on the experimental temperatures to avoid 
comparison of fish of different physiological age and size. 
Adjustments were made in a manner similar to that used 
for the daily feeding rates. The experiment lasted 92, 72, 
and 56 days at 20.0, 23.0, and 26.0°C, respectively.

The experiment was conducted in 27 experimental 
aquaria included in three separate, but identical, 
recirculating aquaculture systems, one for each temperature. 
Each system included triplicated experimental aquaria 
for the three dietary groups. Fish were kept in 20 L flow-
through glass aquaria with a continuous flow rate of about 
0.25 L · min–1. The temperature was measured twice a day 
at 08:00 and 20:00, reaching the following mean values in 
three treatments: 20.1, 23.1, and 26.0°C (Table 3).
Fish quality. During the experiment, the fish survival was 
monitored daily. On five occasions, all fish were inspected 
for the presence of visible body deformities: scoliosis, 

Table 1
Diet composition of experimental juvenile tench, Tinca tinca

Diet component Aller Futura (F) Chironomidae larvae (C)
Moisture [g · kg–1 WM]  81 ± 0  820 ± 1
Ash [g · kg–1 DM]  117 ± 0  218 ± 1
Total lipids [g · kg–1 DM]  134 ± 1  346 ± 7
Crude protein [g · kg–1 DM]  645 ± 3  478 ± 4
Phosphorus [g · kg–1 DM]  12.1 ± 0.2  3.5 ± 0.1
Calcium [g · kg–1 DM]  20.7 ± 0.7  78.7 ± 9.7
Magnesium [g · kg–1 DM]  1.3 ± 0.0  5.1 ± 0.5
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lordosis, and bending opercle. This procedure was carried 
out under mild anaesthesia, induced by a 0.5 g · L–1 water 
solution of 2-phenoxyethanol (Myszkowski et al. 2003). 
Initial total length (LT, mm, to the nearest 0.1 mm) was 
determined in fish (n = 135) from three randomly chosen 
aquaria. Initial fresh body weight (BW, g, to 0.01 g) was 
determined for all experimental fish (n = 1215). In order to 
minimize the number of sacrificed animals, the number of 
fish taken in a sample was adjusted to a minimum sample 
weight required to perform chemical analysis. Three 
samples of ca. 120 fish each (ca. 30 g WM per sample) 
were taken before the experiment for proximate chemical 
composition analysis, and three samples of 40 fish each 
(ca. 10 g WM per sample) were used for determination of 
macro-minerals crucial for bone mineralization (Ca, P, Mg). 
At the end of the experiment, two samples of fish from each 
experimental aquarium were taken, separately, for proximate 
chemical composition analysis (22–32 individuals) and 
elemental analysis (4–7 individuals). Each of these samples 

consisted of randomly chosen fish individuals divided into 
two subsamples of similar weight. The number of fish in 
the samples depended on the minimum weight of a sample 
required for analysis according to “the three Rs” principle. 
Fish taken in samples were euthanized by an anaesthetic 
(etomidate) overdose. Moisture was determined after 
drying at 60°C to a constant weight in a desiccator over 
NaOH; fish dry body mass was measured to the nearest 
0.0001 g (Kamler et al. 2012). The remaining material 
was air-dried, homogenized in an agate mortar, stored at 
–20°C, homogenized again and dried at 60°C to a constant 
weight. Ash contents were determined from subsamples of 
100–150 mg DM after ashing at 450°C in a muffle furnace. 
Nitrogen content was determined by the standard Kjeldahl 
technique and total protein was estimated as N × 6.25. Total 
lipids were extracted in a Soxhlet apparatus using hexane, 
and, upon hexane evaporation, measured gravimetrically to 
the nearest 0.0001 g. Calcium, phosphorus, and magnesium 
were determined in the whole fish. Approximately 1.5 
g of fish (WW) was weighed for analysis. The material 
was mineralized with 65% nitric acid and 30% hydrogen 
peroxide in MARS-5 microwave ovens (CEM Corporation, 
Matthews, NC, USA). The concentration of minerals was 
determined by using an optical emission spectrometer with 
inductively coupled plasma (simultaneous ICP-OES, Vista-
MPX, Varian Medical Systems Inc., Palo Alto, CA, USA). 
Quality assurance for each series of analyses was provided 
by the parallel analysis of Certified Reference Material 
(oyster tissue SRM 1566b, bovine liver SRM 1577b). The 
mean values with variation among the three measurements 
of < 10% were used for interpretation of the results (Novaes 
et al. 2016).
Water quality. Mean (± SD) water quality parameters 
in the experimental aquaria were as follows: dissolved 
oxygen, 93% ± 16% of air saturation (8.43 ± 1.40 mg · L–1); 
conductivity, 416 ± 51 μS · cm–1; total ammonia nitrogen, 
0.26 ± 0.15 mg · L–1; nitrites, 0.03 ± 0.02 mg · L–1; pH, 8.13 ± 
0.14; calcium, 72.0 ± 9.3 mg · L–1; phosphates, 0.42 ± 0.11 
mg · L–1; and magnesium, 12.0 ± 4.3 mg · L–1. Differences 
in the water quality parameters were not significant among 
experimental groups (P > 0.05).

Table 2
Diets and feeding of experimental juvenile tench, Tinca tinca

Day
Group

Day
Group

Day
Group

Parameter F20 FC20 C20 F23 FC23 C23 F26 FC26 C26

Diet F F C C F F C C F F C C
Feed 
intake

1 3.3 2.0 16.6 41.5 1 4.2 2.5 21.1 52.8 1 5.4 3.2 27.1 67.9
23 1.8 1.1 9.3 25.0 18 2.2 1.4 11.4 30.7 14 2.9 1.8 15.0 41.4
24 3.1 1.9 15.6 39.1 19 3.9 2.3 19.7 49.1 15 5.0 3.0 25.2 63.0
46 2.2 1.2 9.8 25.8 36 2.4 1.3 11.3 28.9 28 2.8 1.6 13.9 36.6
47 2.8 1.7 14.1 35.3 37 3.7 2.2 18.6 46.6 29 4.7 3.0 23.7 59.2
72 2.0 1.1 9.6 24.1 54 2.6 1.4 11.9 28.5 42 2.9 1.8 14.3 37.4
73 2.7 1.6 13.6 34.0 55 3.4 2.0 17.1 42.8 43 4.4 3.0 22.2 55.4
92 1.1 0.7 6.1 13.3 72 1.6 1.1 9.2 21.8 56 2.5 1.7 12.7 26.3

Feed intake is expressed in percent of fish biomass per day; F = dry diet, Aller Futura, Aller Aqua, Denmark; C = natural food, frozen 
Chironomidae larvae.

Table 3
Temperature values recorded during feeding experiments 

on juvenile tench, Tinca tinca

Group

Parameter

n
Temperature [°C]

q
Mean ± SD Range

F20 184 20.1 ± 0.2 19.4–21.2
FC20 184 20.1 ± 0.2 19.4–21.2 1.00
C20 184 20.0 ± 0.2 19.4–21.1
F23 144 23.1 ± 0.2 22.4–23.6
FC23 144 23.1 ± 0.2 21.9–23.5 0.78
C23 144 23.0 ± 0.2 22.2–23.5
F26 112 26.0 ± 0.2 24.9–23.7

FC26 112 26.0 ± 0.2 25.0–26.5 0.61
C26 112 26.0 ± 0.2 25.0–26.4

q = correction factor for temperature (Winberg 1956).
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Data collection. Relative growth rates (RGR, % per day) 
were calculated according to the formula 

RGR = 100 × (eG − 1)

where G = (ln BWf − ln BWi) × d–1, BWf and BWi were the 
final and initial mean body weights of the fish, respectively, 
and d was the duration of rearing in days (Myszkowski 
1997). Due to the large difference in hydration of the 
diets comprising Futura and Chironomidae larvae, Feed 
conversion ratio (FCRdry) was computed in terms of dry 
matter of the diet and wet matter of the fish body.
Statistical analyses. Analysis of variance (ANOVA), 
analysis of covariance (ANCOVA), and regression 
analysis were performed using Statistica 8.0 (StatSoft 
Inc., Tulsa, OK, USA). Percentage values were arc-sine 
transformed before analysis. All variables were analysed 
by two-way ANOVA (mean water temperature and diet) 
for each variable to determine significant main effects and 
interactions (P ≤ 0.05). The ANOVA was followed by a 
Tukey’s HSD test to compare treatment means. Results 
were considered significant at the 0.05 probability level.

RESULTS
Fish survival and body deformities. The final survival 
rates in all groups ranged from 97.1% to 100.0% (Table 
4). Body deformities occurred in all groups of fish fed dry 
feed (Fig. 1). The highest mean incidence of deformities 
(IDef), 89.8%, was observed in group F26. In fish fed the 
C diet, deformities occurred only in group C20 (0.8%). 
Fish growth and food utilization. Fish accepted all of 
the experimental diets well, and voluntary intake of food 
at a single feeding was never longer than 15 min. The 
greatest BW gain was found in all dietary groups at 23 
and 26°C, while the highest growth rates occurred in 
groups F26 and FC26 (Table 4). The lowest mean FCRdry 
values, 1.12–1.51, were found in groups fed dry diet 
exclusively.

Fish body chemical composition. Significant differences 
were found among experimental groups for all analysed 
fish body components. Protein content was the highest in 
groups C23 and C26, while lipid content was the highest 
in groups C23 and FC23 (Table 5). The lowest moisture 
values and the greatest ash, P, and Mg values were found 
in fish groups fed exclusively diet C.
Factorial analysis and correlations. Two-way 
ANOVA analysis indicated a significant influence of diet 
on all measured parameters, except for survival and the 
Ca ÷ Mg ratio (Table 6). Temperature also influenced most 
of the measured parameters, with the exceptions of P and 
the Ca ÷ Mg ratio. Highly significant interaction of the 

Table 4
Final survival, growth, and feed utilization in juvenile tench, Tinca tinca, fed commercial starter diet Futura 

(F) frozen larvae of Chironomidae (C), or combination of these diets in ratio of 3 ÷ 2 (FC) in relation to dry matter 
content for 92 days, 72 days, and 56 days at 20°C, 23°C, and 26°C, respectively 

Group
Parameter

Survival [%] BWG [g] BG [g] RGR 
[%· d–1]

FCRdry 
[g DM · g WM

–1]
F20  99.8a  0.89 ± 0.14f  39.6 ± 6.6f  1.71 ± 0.12e  1.51 ± 0.23de

FC20  100.0a  1.13 ± 0.15de  50.9 ± 6.7de  1.94 ± 0.11d  1.97 ± 0.26c

C20  97.1a  1.01 ± 0.00ef  43.8 ± 0.6ef  1.83 ± 0.01de  3.18 ± 0.05a

F23  100.0a  1.25 ± 0.13bcd  56.3 ± 5.7bcd  2.59 ± 0.13c  1.22 ± 0.13ef

FC23  99.8a  1.45 ± 0.18ab  64.9 ± 8.4abc  2.78 ± 0.14c  1.77 ± 0.21cd

C23  99.8a  1.40 ± 0.13abc  62.7 ± 6.1abc  2.72 ± 0.10c  2.66 ± 0.25b

F26  99.8a  1.50 ± 0.10a  66.8 ± 5.5ab  3.60 ± 0.10a  1.12 ± 0.09f

FC26  99.5a  1.56 ± 0.14a  69.1 ± 4.9a  3.69 ± 0.15a  1.77 ± 0.13cd

C26  100.0a  1.21 ± 0.07cde  54.5 ± 3.3cd  3.28 ± 0.10b  2.94 ± 0.18ab

BWG = body weight gain, BG = biomass gain, RGR = relative growth rate, FCR = food conversion ratio; Values are mean ± standard 
deviation; Mean values in the same row not sharing a common superscript letter are significantly different (Tukey’s HSD test, P < 0.05, n = 3).
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Fig. 1. Incidence of body deformities in juvenile tench, 
Tinca tinca, fed three different diets (commercial starter 
diet Aller Futura, frozen larvae of Chironomidae, 
or a combination of these diets in a 3 ÷ 2 ratio) at 
20°C, 23°C, and 26°C; Values (mean ± 95% confidence 
limits) marked with different letters were significantly 
different at P < 0.05 (Tukey’s HSD test, n = 3)
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analysed factors was found to affect the whole-body ash 
content of the fish and incidence of body deformities.

For the pooled data, IDef was strongly dependent on 
body ash content (r2 = 0.833, P < 10−6, n = 54). For each 
dietary group (pooled results of each diet separately for all 
temperatures), the same significant relation was found in 
groups where fish were fed the dry diet: in F groups (r2 = 
0.5943, P < 0.01, n = 18), and in FC groups (r2 = 0.407, 
P < 0.01, n = 18) (Fig. 2). For the pooled results (n = 54), 
IDef was significantly correlated with the ratios of Ca ÷ P 
(r2 = 0.352, P < 10−5) and Mg ÷ P (r2 = 0.198, P < 0.001). 
Likewise, body ash content was significantly correlated 
with Ca ÷ P (r2 = 0.222, P < 0.001) and Mg ÷ P (r2 = 0.093, 
P < 0.05). Similar significant correlations of IDef and 
Ca ÷ P or Mg ÷ P were also found for the F groups (Figs. 3 

and 4), but were not significant for groups fed the FC and 
C diets. No significant correlation between body ash and 
Ca ÷ P or body ash and Mg ÷ P ratio was found in any 
dietary group (P > 0.05).

DISCUSSION
Fish growth and physiological age. Water temperature 
is a very interesting and important variable for research 
studies, due to its crucial role in the growth and 
development of poikilothermic organisms. However, the 
broad, multidimensional, and not necessarily parallel 
effects of temperature make this factor difficult to study. 
Therefore, most studies to date have been focused on 
temperature-growth or temperature-food utilization 
responses. A common practice is to compare fish growth 

Table 5
Whole-body chemical composition of juvenile tench, Tinca tinca

Group n
Component

Moisture
[g · kg–1]

Protein
[g · kg–1]

Lipid
[g · kg–1]

Ash
[g · kg–1]

Ca
[g · kg–1]

P
[g · kg–1]

Mg
[g · kg–1] Ca ÷ P Mg ÷ P

Initial 3 804 ± 2 145 ± 2 17.0 ± 0.3 27.9 ± 1.1 18.4 ± 1.1 6.6 ± 0.5 0.41 ± 0.08 2.79 ± 0.35 0.06 ± 0.00
F20 6 755 ± 2a 141 ± 2e 82.5 ± 3.1f 18.6 ± 1.3bc 15.6 ± 1.6bc 4.4 ± 0.9bc 0.28 ± 0.01d 3.54 ± 0.31b 0.06 ± 0.01b

FC20 6 744 ± 2b 144 ± 3bcd 87.8 ± 0.9bcd 18.8 ± 0.7b 15.1 ± 1.1bc 4.9 ± 0.4ab 0.30 ± 0.01cd 3.11 ± 0.26b 0.06 ± 0.00b

C20 6 742 ± 3bcd 143 ± 3bc 85.5 ± 2.0de 21.8 ± 0.4a 16.7 ± 1.1ab 5.2 ± 0.6ab 0.33 ± 0.04ab 3.26 ± 0.28b 0.06 ± 0.00b

F23 6 753 ± 2a 144 ± 2cde 86.7 ± 1.8cd 16.4 ± 0.5d 13.7 ± 1.9c 3.9 ± 0.4c 0.28 ± 0.03d 3.52 ± 0.54b 0.07 ± 0.01ab

FC23 6 738 ± 1de 146 ± 4bc 93.2 ± 1.3a 18.5 ± 0.5bc 15.6 ± 1.3bc 4.6 ± 0.7abc 0.29 ± 0.02cd 3.43 ± 0.38b 0.06 ± 0.01b

C23 6 737 ± 2e 147 ± 1b 90.0 ± 3.7b 21.1 ± 1.0a 15.4 ± 0.7bc 5.0 ± 0.4ab 0.31 ± 0.01abc 3.13 ± 0.25b 0.06 ± 0.00b

F26 6 755 ± 3a 142 ± 1de 83.3 ± 1.6ef 15.5 ± 0.9d 16.2 ± 2.1ab 3.9 ± 0.5c 0.30 ± 0.03cd 4.16 ± 0.36a 0.08 ± 0.00a

FC26 6 743 ± 8bc 145 ± 2bcd 88.8 ± 3.1bc 17.7 ± 0.9c 15.7 ± 1.8abc 4.6 ± 0.2abc 0.31 ± 0.02bc 3.45 ± 0.41b 0.07 ± 0.01ab

C26 6 740 ± 4cde 150 ± 2a 87.0 ± 1.8cd 21.5 ± 0.7a 17.6 ± 1.8a 5.3 ± 0.9a 0.34 ± 0.03a 3.35 ± 0.39b 0.06 ± 0.01b

All data expressed in wet matter; Values are mean ± standard deviation; Mean values in the same row not sharing the same subscript are 
significantly different (Tukey’s HSD test, P < 0.05).

Table 6
Two-way ANOVA results on effects of diet and temperature on growth, food utilization efficiency,  

chemical body composition and incidence of body deformities in juvenile tench, Tinca tinca

Parameter
Diet Temperature Diet × temp.

F2 P F2 P F4 P
BWG [g] 4.21 <0.05 56.21 <0.01 5.43 <0.05
RGR [%·d–1] 7.52 <0.05 503.20 <0.01 4.27 >0.05
FCRdry 8.82 <0.01 184.49 <0.01 1.10 >0.05
Moisture [g ·kg–1] 93.00 <0.01 8.00 <0.01 1.00 >0.05
Protein [g ·kg–1] 23.30 <0.01 4.60 <0.05 2.7 <0.05
Lipid [g ·kg–1] 31.67 <0.01 22.81 <0.01 0.95 >0.05
Ash [g ·kg–1] 147.68 <0.01 15.78 <0.01 5.23 <0.01
Ca [g ·kg–1] 10.02 <0.05 11.51 <0.05 1.31 >0.05
P [g ·kg–1] 14.55 <0.01 1.56 >0.05 0.60 >0.05
Mg [g ·kg–1] 16.08 <0.01 4.44 <0.05 0.16 >0.05
Ca ÷ P 9.51 <0.01 4.88 <0.05 0.16 >0.05
Mg ÷ P 5.30 <0.01 4.98 <0.05 0.28 >0.05
Ca ÷ Mg 2.64 >0.05 0.86 >0.05 3.14 <0.05
IDef [%] 368.77 <0.01 82.07 <0.01 33.27 <0.01

All data expressed in wet matter, with exception for FCRdry (g of dry matter ·g of wet matter–1).  F2 = F (d.f. = 2), F4 = F (d.f. = 4), BWG = 
body weight gain, RGR = relative growth rate, FCR = food conversion ratio, IDef = incidence of deformities.
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rates at different water temperatures over the same period. 
This approach may give useful, practical information; 
however it leads to a situation in which fish of different 
physiological age are compared. Younger and smaller fish 
are known to grow faster than older and larger individuals. 
Consequently, the effects of an increase in temperature on 
growth could be underestimated. Similar errors can appear 
when the effects of temperature on the body chemical 
composition are being considered. This seems especially 
important during the early life stages of fish, when their 
anatomy and physiology change considerably (Kamler 
1992, Teletchea et al. 2009).

There are a few commonly employed methods to 
determine the physiological age of fish. The physiological 
age of fish can be calculated by means of degree-days 
[DD], effective degree-days [DDeff], or as a function of 
standard metabolic rate (SMR) at different temperatures. 
The DDeff method is currently considered the most 
reliable indicator of fish development (Weltzien et al. 
1999). However, DDeff is a species-specific indicator. 
Therefore, in the presently reported study we applied a 
more universal method and adjusted the methodological 
approach to different temperatures according to the 
SMR of fish presented by Krogh’s normal curve (Winberg 
1956). A notable limitation of the use of a metabolic scale 
based on Krogh’s standard metabolism curve for growth 
and chemical body composition of fish can appear at 
high water temperatures that are close to the optimum for 
growth (OGT). Fish growth rate increases with temperature 
reaches a maximum value at the OGT. Above the OGT, the 
growth rate decreases with increasing water temperatures. 
Therefore, at temperatures close to the OGT, growth and 

food consumption could deviate considerably from the 
expected values. To avoid this phenomenon in our study, 
the maximum water temperature was set at 26°C, while 
the OGT for juvenile tench is about 28°C.

The growth results obtained in this study at 23 and 
26°C fit well with Krogh’s curve. At 23°C, RGR was 
about 0.77 · RGR at 26°C (for all pooled feeding groups), 
while Winberg’s q factor for 26°C was 0.78 · q for 
23°C (Table 3). However, at 20°C RGR the results were 
0.68 · RGR at 23°C, a value that was slightly lower than 
the value predicted on the basis of comparison of the q 
factors for these two temperatures (0.78). The growth 
rate results were mirrored by BW gain of fish during the 
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Fig. 2. Linear correlation of the final incidence of body 
deformities and final ash body content (P < 0.05) for 
juvenile tench, Tinca tinca, fed the commercial starter 
diet Aller Futura (squares; y = −10.45x + 238.29; P 
= 10−4; r2 = 0.59), frozen larvae of Chironomidae 
(circles; y = −0.17x + 4.14; P = 0.61; r2 = 0.02), or a 
combination of these diets in a 3 ÷ 2 ratio (triangles; y 
= −8.91x + 195.75; P = 0.004; r2 = 0.41) in relation to 
dry matter content for 92 days, 72 days, and 56 days at 
20°C, 23°C, and 26°C, respectively (pooled data)
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Fig. 3. Linear correlation of the final incidence of body 
deformities and the Ca ÷ P ratio (y = 26.32x − 35.89; P = 
0.009; r2 = 0.36) for juvenile tench, Tinca tinca, fed the 
commercial starter diet Aller Futura (F) for 92 days, 72 
days, and 56 days at 20°C, 23°C, and 26°C, respectively 
(pooled data)
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Fig. 4. Linear correlation of the final incidence of body 
deformities and the Mg ÷ P ratio (y = 1583.27x − 48.92; 
P = 0.006; r2 = 0.39) for juvenile tench, Tinca tinca, fed 
the commercial starter diet Futura (F) for 92 days, 72 
days, and 56 days at 20°C, 23°C, and 26°C, respectively 
(pooled data)
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experiment. The highest final BW gains were recorded at 
23 and 26°C, whereas BW gain was considerably lower at 
20°C. Nevertheless, we can assume that adjusting the food 
rations and experiment duration based on temperature 
and according to Krogh’s curve considerably mitigated 
body size differences among different temperature groups 
related to the different physiological ages of the fish.

Differences in the physiological ages of the fish on 
the final day of the experiment also seem to have been 
successfully mitigated in this study. The presently reported 
experiment lasted between 56 and 92 days, depending on 
the water temperature. According to Kamler (2002), the 
temperature of physiological zero (t0), the temperature at 
which development is theoretically arrested, is equal to 
11.7°C for tench. Thus, the effective water temperature 
for development, calculated as the differences between 
the actual water temperature and t0, in the current 
experiment were 8.3°, 11.3°, and 14.3° for 20, 23, and 
26°C, respectively. By multiplying the values of the 
effective water temperature by the number of experimental 
days, we found that our experiment lasted from about 
764 DDeff in group C20 to about 821 DDeff in groups F23 
and FC23. As a result, the maximum difference in the 
physiological age of fish reared at different temperatures at 
the end of the experiment was 57 DDeff. For a hypothetical 
experiment lasting 56 days at 20, 23, and 26°C, the 
duration of the experiment in terms of developmental 
progress would be 465 DDeff, 638 DDeff, and 801 DDeff. 
In this case, the maximum physiological age difference 
at the end of the experiment would have been 336 DDeff. 
We would obtain only slightly better results if we applied 
the DD scale to calculate the duration of the experiment. 
In this case the maximum physiological age difference at 
the end of a hypothetical experiment lasting 56 days at 
26°C, 63 days at 23°C and 73 days at 20°C, would have 
been 197 DDeff. Thus, the model applied in our study 
proved to be an effective solution to considerably mitigate 
differences in fish developmental progress, and thus 
physiological age, at the end of the experiment. 
Food utilization efficiency. Water temperature had a 
similar influence on FCRdry compared with its impact 
on fish growth. For all diets, the best results were found 
at 26°C and/or 23°C, whereas at 20°C, FCRdry was 
significantly higher (Table 4). These results indicate that 
the metabolic rate of fish at 20°C differed considerably 
from the values expected from Krogh’s curve. This effect 
was probably not the direct result of a significantly lower 
SMR than that expected at the lowest water temperature, 
but rather because the active metabolism did not decrease 
with water temperature as rapidly as SMR.
Body deformities and chemical body composition. 
Elevated temperatures and photoperiod manipulation to 
speed up growth are considered the major environmental 
factors that cause skeletal deformities in fish, while among 
the nutritional factors phosphorus nutrition appears the 
most important (Fjelldal et al. 2012). Fish diet and water 
temperature both significantly influenced the incidence of 
body deformities in juvenile tench (Table 6). Moreover, a 
significant positive interaction between these factors was 

observed. In all fish groups fed the dry diet, the incidence 
of deformities was high (21.5%–89.5%), whereas it was 
negligible (≤0.8%) in groups of fish fed natural food, 
regardless of the water temperature. This comparison 
suggests the assumption that, in our experiment, fish diet 
was the factor inducing body deformities, while water 
temperature only modified the effects of the dietary factor.

Body ash content was influenced by water temperature 
in a manner similar to that of the incidence of body 
deformities (Table 6). It is, therefore, unsurprising that the 
incidence of body deformities had a significant negative 
correlation with the body ash content (Fig. 2). Body ash 
is used to assess the amount of minerals incorporated into 
fish tissues. Thus, low body ash content may be considered 
a sensitive indicator of improper mineralization of 
the fish skeleton. In fish groups where the incidence of 
body deformities was high (>20%), the mean body ash 
content was lower than 19 g· kg–1of WM, whereas in other 
groups, where deformities occurred incidentally, it was 
significantly higher (>21 g · kg–1). 

Higher ash content was correlated with higher Ca, 
P, and Mg contents (Table 5). However, ANOVA analysis 
did not reveal that the P content in the fish body was 
influenced by the water temperature, whereas it did show 
that the content of Ca and Mg were both significantly 
influenced (Table 6). Consequently, we found significant 
correlations between the ratio of Ca ÷ P and IDef and the 
ratio of Mg ÷ P and IDef in fish fed exclusively with the 
dry diet (Figs. 3 and 4). This indicates that P content was 
significantly influenced only by fish diet, which we are 
considering to be the major factor inducing deformities in 
this experiment. However, the content of Ca and Mg were 
influenced by both diet and water temperature.

Thus, we could conclude that with increasing water 
temperature, the amounts of Ca and Mg incorporated into 
the fish bodies increased considerably faster than P content. 
This effect was probably caused by poor utilization of 
dietary P from the dry diet, which is a phenomenon 
commonly observed in fish. In stomachless fish, including 
tench, some sources of dietary P are especially poorly 
utilized (Ogino and Takeda 1976). In contrast to P, fish 
can effectively absorb Ca and Mg from the water. Fish 
diet is usually only a secondary source of Ca for fish, but 
in freshwater fish, dietary Mg is essential to fulfil fish 
demand (Lall 2002). In the presently reported experiment, 
the water contained considerable amounts of Ca (72.0 
mg · L–1) and Mg (12.0 mg · L–1). Likewise, the fish diets 
contained high amounts of these elements (Table 1). 
Consequently, the whole-body Ca content found in fish 
from this study was quite high (13.7–18.4 g · kg–1) when 
compared with the results of Prabhu et al. (2014), where in 
40 different experiments with 27 fish species, the whole-
body Ca content ranged from 0.6 to 16.4 g · kg–1 (median 
value 6.5 g · kg–1). However, the whole-body content of 
Mg in the tench used in this study (0.28–0.41 g · kg–1) was 
found to be similar to the median (0.33 g · kg–1) of the 
results of 26 studies of 17 species.

Thus, we can conclude that the experimental fish did 
not suffer from Ca and/or Mg deficiencies. However, the 
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increases in Ca ÷ P and Mg ÷ P ratios recorded in our 
experiment, caused by insufficient P availability, could 
lead to distortion of the equilibrium between the amounts 
of these minerals and, as a result, the skeleton formation 
processes could have been impeded. However, these 
factors do not explain in full why the water temperature 
modified the incidence of deformities in fish fed the dry 
diet and suffering from P deficiency.

Water temperature is a key factor affecting fish growth 
rates. The growth rate of an animal may influence the rate 
of development of P deficiency signs (Sugiura et al. 2004). 
Vågsholm and Djupvik (1999) found that body deformities 
developed in Atlantic salmon (Salmo salar L.) more often 
in fast-growing fish than in slower-growing fish. A similar 
phenomenon was observed in juvenile tench (Rennert et 
al. 2003, Kamler et al. 2006). High growth rates require a 
disproportionate investment in P-rich biosynthetic cellular 
structures (Woods et al. 2003). Thus, the phosphorus 
requirements of the slow-growing tench reared at 20°C 
were considerably lower than the requirements of the 
faster-growing fish at 23 and 26°C. Thus, to sufficiently 
balance the higher P needs, the whole-body concentration 
of this macro-element should have been higher at water 
temperatures of 23 and 26°C, where fish growth was 
much faster, than at 20°C. However, we did not detect this 
phenomenon in our experiment (Table 5). It is possible 
that the lower incidence of body deformities in fish reared 
at lower water temperatures could be related to their 
considerably lower P requirements at this temperature.

CONCLUSIONS
We confirmed the hypothesis that water temperature 

can significantly influence not only the growth and 
food utilization efficiency in juvenile tench, but also 
the chemical composition and the incidence of body 
deformities in fish fed formulated dry diet under controlled 
conditions. Natural food (larvae of Chironomidae) 
did not induce body deformities, irrespective of water 
temperature. Insufficient bioavailability of P in the dry 
diet appeared the major factor causing a P deficiency in 
the fish and resulting in low body ash content and body 
deformities. Water temperature appeared to be a factor 
modifying the P deficiency symptoms in fish fed the dry 
diet, probably because of its considerable influence on 
the P requirements in fish. However, further studies are 
required to better explain the effects of water temperature 
on dietary P utilization and P requirements in fish.
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