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Abstract: To evaluate the effect of stocking density on survival and growth rate of rainbow trout alevins, after
10 days adaptation to the new condition, 54000 numbers of alevins with initial weigh131±0.10 mg and initial total
length 24±0.2 mm were distributed randomly among 9 standard trough with 4000, 6000 and  8000  fish  per
trough, respectively, corresponding to biomass stocking densities of 5.28, 7.80 and 10.56 kg/m , respectively.3

The experiments were continued for 45 days in triplicates. Flow rate of water was 7.5 l/min and a photoperiodic
of 12h light and 12h dark per day was maintained during the experiment. Physiochemical parameters of water
(temperature, pH, Dissolved oxygen and Total ammonia nitrogen) were measured two times daily. Fish were
hand-fed 6 to 8 times daily up to 4% body weight/day. Survival of alevins was significantly lower at high
stocking density (group 3), the minimum survival was in group 3 (74.63%) and the maximum was in group 2
(84.8%). Stocking density did not significantly affected final weight, specific growth rates (SGR) and condition
factors (CF) at the end of the study (P>0.05). The least food conversion ratio (FCR) was obtained in Group 1
and Group 2, FCR value was significantly higher in Group 3 (2.3) with high stocking density (P<0.05). In
Conclusion, rainbow trout alevins growth and FCR was better at low stocking density. This study also showed
that high stocking density had effect on survival rate of rainbow trout alevins.
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INTRODUCTION products) [2]. Many factors such as oxygen level, fish

Increasing in fish farm production has partially relied carbon dioxide and ammonia levels affect the acceptability
on the perfecting of exploitation and husbandry methods. of stocking densities and that it is a highly complex task
In this regard, elevation of rearing density was initially to set a maximum stocking density for trout. Nevertheless,
viewed as a promising approach, which combined the the current stocking density that farmers use in Iran was
maximization of water use with increased stock too high for trout and that research should be undertaken
production, on the other hand, there is increasing interest to determine acceptable stocking densities.
in the welfare of farmed fish and stocking density is Fish held at high density are generally regarded as
frequently highlighted as an area of particular concern [1]. being exposed to a complex set of inherent factors
It is suggested that rainbow trout on commercial farms interacting with each other e.g., altered water quality,
suffered a high incidence of fin injury and high mortality, decreased food availability and changes in social
which were linked to high stocking density. The issue of interactions, all being potential sources of stress [3-6].
stocking density of fish is complex because it combines Acute and chronic stress trigger a series of defense
the behavioral need for space with the physiological need mechanisms that are generally energy demanding and
for water (to provide oxygen and dilute and remove waste therefore  induce an elevation of the animal metabolic rate

size, water temperature, water flow, available space,
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[7]. These are likely to be at the source of growth Experimental Design: The experimental design was based
depletion [8-9]. However, only a few studies have on the growth of rainbow trout alevins at three different
attempted to estimate the extent of the additional energy stocking densities. Rainbow trout alevins (n =100, mean
requirements associated with increasing density [9, 10]. live weight ± standard error: 131±10 mg) were divided into
Moreover, when density was actually found to influence 9 groups (three replicates each of three stocking
fish oxygen demand, the bioenergetic significance of that densities) of similar mean weight. Experimental stocking
supplementary expenditure was not fully evaluated. densities (groups 1, 2 and 3) comprised 4000, 6000 and

Despite a long history of rainbow trout production 8000 fish per trough, respectively, corresponding to
dating back to 1885 [11] and previous attempt to biomass stocking densities of 5.28, 7.80 and 10.56 kg/m ,
determine the optimal density of rainbow trout alevins in respectively. The numbers of fish in each tank were held
commercial trout farms, there are a lot of problems constant for 45 days, during which time biomass
associated with larval production in rainbow trout farms increased as the fish grew. Stocking density is not a static
in Iran. Despite the need for high-quality alevins, the parameter and the biomass of fish stocked at an initial
environment under which the alevins are maintained density increases as the fish grow until splitting, This
before introducing to rearing farms is often stressful. resulted in final stocking densities of 37.68, 50.40 and
However, little information has been generated to 64.48 kg/m , respectively.
determine whether crowding result in measurable declines Fish mortality was recorded every day. Fish mass
in growth performance. increase was estimated every other week by individual

Thus, differences in growth rates of rainbow trout weighing of 100 fish fasted for 24h for each batch. Using
alevins held at three different stocking densities were the data collected during the study, specific growth rates
examined with the aims of studying the  effect  of stocking (SGR), feed conversion ratios (FCR), condition factors
density on growth rate and variation within groups over (CF) were determined [15]:
time. We selected a range of parameters that are feasible,
valid, repeatable and have been commonly used to study C Survival% =100 x (FFNu/ IFNu) [16] where FFNu: the
the effects of stocking density on fish (mortality, growth, number of fish at and of rearing period and IFNu: the
condition factor, FCR, weight) [12-14]. number of fish at beginning of rearing period. 

MATERIALS AND METHODS  C CF=(W/L )x100;

Experiments were conducted at the Genetic and initial live weight of fish (g), W : final live weight of
Breeding Research Center for Coldwater Fishes Shahid fish (g), L: total length (cm) and f : weight of feed
Motahari Yasouj, Iran, from March 30 to May 10, 2011. consumed by fish at each feeding (g).

Fish: Rainbow trout alevins (O. mykiss) weighing Data Analysis: Data are presented as arithmetic mean
131±0.10 mg were initially distributed among nine indoor ±SE. One-way ANOVA (following Levene’s F-test for
troughs (100 liter) where they were held for 45 days at homogeneity of variance) was used to test for differences
different rearing densities. Subsequently, fish from each between treatments. Where differences were found
trough were acclimated for 2 weeks. During rearing period, (P<0.05) in multiple comparisons, Tukey’s honestly
environmental parameters (pH, oxygen) were measured significant difference (HSD) test was used to determine
two  times   daily.   Oxygen   saturation   was  maintained which specific pairs differed.
at  approximately 90%, pH varied between 7.25 to 8.30. The  relationships   between   initial  biomass
The water flow rate was manually controlled and adjusted stocking  density  and  both  SGR  and  FCR were
as fish density increased to 7.5 l/min. Light was provided analyzed  using  linear  regression  analysis. Differences
by overhead fluorescent tubes on a 12-h light: 12-h dark in the slopes  of  the  regression  lines  between
cycle. The rearing troughs were supplied with 11±1°C treatments were analyzed using a t-test. Where multiple
aerated freshwater diverted from a nearby spring. Fish comparisons were made the observed significance level
were fed commercial diet (trout starter diet, Chineh, Iran) was adjusted according to the Bonferroni correction.
with a daily feeding level ranging during the trial from 3 to Differences in the weight frequency distribution were
4% body weight, according to the water temperature and analyzed using the Kolmogorov – Smirnov two-sample
fish size. test.

3

3

 C SGR=100*[(ln(w )-ln(w ))/t]t i
3

 C FCR = (Ef )/(w -w ); where t: feeding days (day), w :k t 0       0

t
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Table 1: Changes in water temperature, pH, oxygen concentration and total
ammonia nitrogen recorded during the trial with rainbow trout

Groups (number of alevins)
-----------------------------------------------

Water quality parameters 4000 6000 8000

Temperature (°C) 11±1 11±1 11±1
pH 7.6±0.1 7.8±0.1 7.6±0.1
DO (mg/l) 8.7±0.2 8.5±0.3 8.1±0.5

Total ammonia nitrogen (mg/l) 0.72 0.87 0.93

Table 2: Mean (±SD) weight, growth, specific growth rate (SGR), feed
conversion ratio (FCR), condition factor (CF), survival rate and
biomass of rainbow trout alevins reared in troughs

 Groups (number of alevins)
----------------------------------------------------

No of fish per trough 4000 6000 8000

Initial weight (mg) 132±0.10 130±0.9 132±1.2a a a

Final weight (mg) 942±0.44 840±0.61 806±0.59a a a

Initial length (mm) 24.5±0.2 24.2±0.1 23.5±0.2a a a

Final length (mm) 44.1±5.2 42.2±3.6 42.7±4.1a b b

SGR (% / day) 4.36±0.1 4.11±0.1 4.05±0.1a a a

FCR 1.1±0.4 1.6±0.3 2.3±0.4b b a

CF 1.09±0.06 1.11±0.07 1.03±0.04a a a

Survival (% of initial stock) 81.62±3.7 84.8±2.6 74.63±6.2b b a

Initial biomass (g/trough) 528 780 1056
Final biomass (g/ trough) 3075.44 4273.92 4812.14
Initial stocking density (kg/m ) 5.28 7.80 10.563

Final stock (kg/m ) 37.68 50.40 64.483

Different superscript letters in the same row denote significant differences
among the experimental groups (p#0.05).

RESULTS

Monthly mean water temperatures ranged was
11±1°C. Dissolved oxygen content did not show much
variation ranging from 8.1 to 8.7 mg/l, whereas pH values
also did not show much variation and varied 7.6 to 7.8
(Table 1). Because of water source no significant
differences were found in water quality parameters. Water
parameters were always perfectly compatible with the
requirements of rainbow trout alevins.

Survival rates were from74.63 ±6.2 to 84.8 ±3.7 for all
groups (Figure 1). There were no significant difference on
survival among group 1 and 2, but survival rate was
significantly lower in group 3 compared to group 1 and 2
(p<0.05).

Initial and final body weights and lengths, specific
growth rates, food conversion ratios and survival rates
are presented in (Table 2). The final weights of the fish
stocked at a density of 4000, 6000 and 8000 fish m3

reached mean weights (±SD) of 942±0.44, 806±059 and
840±0.61 mg, respectively. There were no significant
differences in weight and length among experimental
groups at the beginning of the study  and   no   significant

Fig. 1: Mortality pattern in rainbow trout alevins during
experiment period. Group1= 4000 larvae per
trough, group 2= 6000 larvae per trough and group
3= 8000 larvae per trough.

Fig. 2: Tendency of condition factors to increase during
experiment period Group1= 4000 larvae per trough,
group 2= 6000 larvae per trough and group 2=
8000 larvae per trough.

differences were found among replicates of the groups
over the course of the experiment. Hence data from
replicates were pooled for each treatment prior to analysis.
Statistically significant differences were found between
the first group (4000 alevins per 100l) and the two other
groups (6000 and 8000 alevins per 100l) in terms of final
body lengths (P<0.05). There were no significant
differences in final weight, specific growth rates and
condition factors between experimental groups at the end
of the study (P>0.05).

The  highest   SGR   (4.36%rday)   recorded  during
the  course  of  this  experiment was for first group
stocked with 4000 alevins, at the end of experiment.
Condition  factors  values of the groups were calculated
at the end of the study, it was very similar ranging 1.09 to
1.11. There was a tendency of condition factors to
increase during experiment period (Figure 2). According
to Figure 2, condition factor in all groups increased with
growth.

Feed conversion value was lowest in low stocking
density  group.   The   estimated   feed   conversion  ratios
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varied  between 1.1 and 2.3 and differences among groups and Ridha [22]. Many authors [23-26] remarked the
were found significant (p<0.05) in favor of low and influence of stocking density on the growth of trout.
medium stocking density groups. Reduced growth and an increase FCR with the increasing

DISCUSSION investigated trout. Furthermore, numerous studies have

Water parameters (Table 1) were always perfectly findings are not always in agreement. In brook charr,
compatible with the requirements of rainbow trout alevins Hardy and Audet [27] observed that growth performances
[17]. Water parameters didn't show significant differences were not affected by density and interpreted this as an
during experiment, so possible variation in growth can be example of good application of rearing management and
correlated with stocking density. high water quality. When these conditions are not

Survival is a key indicator of health status. The mean respected, the increasing stocking density leads to a
survival rates of around 74.63 to 84.8 in the present study reduction in food consumption a reduced food
were similar to those observed in earlier studies on consumption as  a  consequence  of  deterioration  in
rainbow trout alevins. The group with 4000 fish showed water quality, overcrowding or adverse social interactions
the highest survival rate (Table 2). The survival rate [12, 24, 28]. Despite numerous studied on rainbow trout
declined significantly in last stocking density (P<0.05) and other fishes, there is a lack of data on effect of
probably due to high stocking ratio. Other studies on stocking density on fish alevins and larvae.
stocking densities reported similar results that stocking In terms of behavioral and other stressful parameters
density has an effect on survival rate [18-19]. North et al. some studies reported that high densities lead to
[13-14] demonstrated that provided good water quality is aggression and some welfare problems that authors
maintained, it is possible to grow rainbow trout at suggest may be due to the existence of a dominance
densities of up to 80 kg/m  without affecting growth, CF hierarchy [13]. Ellis et al. [12] concluded that stocking3

or mortality. It is suggested that rainbow trout on density is an important factor for fish welfare, but cannot
commercial farms suffered high incidence of fin injury and be considered in isolation from other environmental
high mortality, which were linked to high stocking factors, which is our opinion too. The high number of
density. So stocking density had effect on survival rate individual/m  which reduced the ability of fish to see and
on high density group. It is notable that mortality could access food is another possible reason for the low growth
be due to positive interactions between stressful factors and high feeding conversion ratio of fish in high stocking
that threatened fish health [7]. So we concluded that density.
stocking density had effect on survival rate on high Density was also found to be a potential source of
density group. stress [8, 29, 30], capable of having consequential

There was a significant difference between final repercussions on fish growth rate [10, 31, 32].
lengths among larval at different stocking density as final Environmental stressors are important factors responsible
length was higher in low stocking density groups (4000) that limit fish performance under aquaculture conditions
than group 2 and 3. In literature there was no evidence for [12, 33]. When fish are subjected to adverse
these differences, but it may be as a result of reduction of environmental conditions, some endocrine and
aggressive interactions due to the presence of a small physiological alterations occur, often resulting in changes
number of larger dominant fish, as suggested in in the ability of the fish to survive, grow and  reproduce
previously published work that showed increased size [7, 30]. It has been observed that animal under stress need
heterogeneity reduced aggression in Atlantic salmon parr to  spend  more  energy  for homeostatic processes [34].
[20]. In the other hand this energy expense for stress than

Growth rate, condition factor and SGR were increase growth. The decreased feed utilization, therefore, might be
with increasing density, but there were no significant an indicator of the higher level of stress encountered by
differences among groups. FCR values were significantly the fish at higher densities. Maximum increase in fish
higher in group 3 than group 1 and 2. So, growth and FCR biomass was found at the lowest stocking density and
of rainbow trout alevins were better at low stocking decreased with increasing density  because  of  better
density compared to the growth and feeding ratio of fish feed  utilization  and unstressed conditions at low
at high stocking density in our trial. These results are stocking levels. We didn’t investigate the behavior and
similar to those reported by Papoutsoqlou et al. [21]; Cruz plasma cortisol  levels  of alevins especially, but when we

of stocking density were found in most of the studies

investigated the effects of density on productivity but the

3
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observed them we didn’t see so many  cases of 9. Jorgensen, E.H., J.S. Christiansen and M. Jobling,
aggression   and   we  considered  that  the  general
reason for high survival, growth and FCR in troughs at
low density is a result of better quality of the water in
them.

We concluded that rainbow trout alevins growth and
FCR was better at  low  stocking  density  in  our  trial.
This study also showed that high stocking density had
effect on survival rate of rainbow trout alevins.

ACKNOWLEDGEMENTS

This work was conducted in Genetic and Breeding
Research Center for Coldwater Fishes (GBRCCF), Shahid
Motahari, Yasouj, Iran. We are keen to thank the staff of
the GBRCCF for their skillful technical assistance.

REFERENCES

1. Lefrancois, C., G. Claireaux, C. Mercier and J. Aubin,
2001. Effect of density on the routine metabolic
expenditure of farmed rainbow trout (Oncorhynchus
mykiss). Aquaculture, 195(3-4): 269-277.

2. Irwin, S., J. O'Halloran and R.D. FitzGerald, 1999.
Stocking density, growth and growth variation in
juvenile turbot, Scophthalmus maximus (Rafinesque).
Aquaculture, 178: 77-88.

3. Reftsie, T., 1977. Effect of density on growth and
survival of rainbow trout. Aquaculture, 11: 329 334.

4. Jobling, M., 1985. Physiological and social
constraints on growth of fish with special reference
to  Arctic charr, Salvelinus alpinus L. Aquaculture
44: 83-90.

5. Jobling, M. and T.G. Reinsnes, 1986. Physiological
and social constraints on growth of Arctic charr,
Salvelinus alpinus L.: An investigation of factors
leading to stunting. J. Fish Biol., 23: 379-384.

6. Pickering A.D and T.G. Pottinger, 1987. Poor water
quality suppresses the cortisol  response  of
salmonid fish to handling and confinement. J. Fish.
Biol., 30: 363-374.

7. Barton, B.A. and G.K. Iwama, 1991. Physiological
changes in fish from stress in aquaculture with
emphasis on the response and effects of
corticosteroids. Annu. Rev. Fish Dis., 1: 3-26.

8. Vijayan, M.M. and J.F. Leatherland, 1988. Effect of
stocking density on the growth and stress response
in  brook charr, Salvelinus fontinalis. Aquaculture
75: 159-170.

1993. Effects of stocking density on food intake,
growth performance and oxygen consumption in
Arctic   charr  (Salvelinus  alpines).   Aquaculture
110: 191-204.

10. Ross, R. and B.J. Watten, 1998. Importance of rearing-
unit design and stocking density to the behavior,
growth and metabolism of lake trout (Salvelinus
namaycush). Aquacult. Eng., 19: 41-56.

11. Gall, G.A.E. and P.A. Crandell, 1992. The rainbow
trout. Aquaculture, 100: 1-10.

12. Ellis, T., B. North, A.P. Scott, N.R. Bromage, M. Porter
and D. Gadd, 2002. The relationships between
stocking density and welfare in farmed rainbow trout.
J. Fish Biol., 61: 493-531.

13. North,   B.P.,   J.F.   Turnbull,  T.  Ellis,  M.J.   Porter,
H.  Miguad,   J.   Bron   and  N.R.  Bromage,  2006.
The impact of stocking density on the welfare of
rainbow trout (Oncorhynchus mykiss). Aquaculture,
5: 466-479.

14. North,  B.,   J.   Turnbull,   J.   Taylor,   T.    Ellis   and
N. Bromage, 2004. Assessing the effects of stocking
density on the welfare of farmed rainbow trout. Trout
News, 38: 13-17.

15. Boyer, N.J., W. Van  Toever   and   M.E.  Jansen,
1994.  Effect  of photoperiod on growth of Arctic
charr under commercial production conditions. Prog.
Fish-Cult., 56: 44-46.

16. Terjesen, B.F.,  K.J.  Lee,  Y.  Zhang,  M.  Failla  and
K. Dabrowski, 2006. Optimization of dipeptide-protein
mixtures in experimental diet formulations for rainbow
trout (Oncorhynchus mykiss) alevins. Aquaculture,
254: 517-525.

17. Huet, M., 1994. Textbook of Fish Culture: Breeding
and Cultivation of Fish. Fishing News Books,
London, pp: 436.

18. Aksungur,  N.,   M.   Aksungur,   B.    Akbulut   and
I.  Kutlu,  2007.  Effects of stocking density on
growth  performance,   survival   and  food
conversion   ratio   of   Turbot  (Psetta  maxima) in
the   net    cages    on   the  southeastern  coast  of
the    Black     Sea.   Turkish   J.   Fish.   Aquat.   Sci.,
7: 147-152.

19. Sirakov, I. and E. Ivanchev, 2008. Influence of
stocking density on the growth performance of
rainbow trout and brown trout grown in recirculation
system.  Bulgarian  Journal of Agricultural Science,
14(2): 150-154.



World J. Fish & Marine Sci., 4 (5): 480-485, 2012

485

20. Adams, C., F. Huntingford, J. Turnbull, S. Arnott and 27. Hardy, D. and C. Audet, 1990. Evaluation of plasma
A. Bell, 2000. Size heterogeneity can reduce glucose as an indicator of mild chronic stress in
aggression and promote growth in Atlantic salmon brook charr (Salvelinus fontinalis). Bull. Aquacult.
parr. Aquac. Int., 8: 543-549. Assoc. Can., 90: 54-56.

21. Papoutsoglou, S.E., E. Papaparskeve-Papoutsoglou 28. Kebus,  M.J.,   M.T.   Collins,    M.S.   Brownfield,
and M.N. Aklexis, 1987. Effect of density on growth C.H. Amundson, T.B. Kayes and J.A. Malison, 1992.
rate and production of rainbow trout (Salmo Effects of rearing density on the  stress  response
gairdneri Richardson) over a full rearing period. and growth of rainbow trout. J. Aquat. Anim. Health,
Aquaculture, 66: 9-17. 4: 1-6.

22. Cruz, E.M. and M. Ridha, 1991. Production of the 29. Gatlin, D.M., W.E. Poe, R.P. Wilson, A.J. Ainsworth
tilapia (Oreochromis spiluris. Gunther) stocked at and P.R. Bowser, 1986. Effects of stocking density
different   densities    in    sea  cages.  Aquaculture, and vitamin C status on vitamin E-adequate and
99: 95-103. vitamin E-deficient fingerling channel catfish.

23. Boujard, T., L. Labbe and B. Auperin, 2002. Feeding Aquaculture, 56: 187-195.
behavior, energy expenditure  and  growth  of 30. Pickering, A.D., 1993. Growth and stress in fish
rainbow  trout in relation to stocking density and production. Aquaculture, 111: 51-63.
food   accessibility.     Aquaculture    Research, 31. Papoutsoglou, S.E., E.G. Papaparaskeva-
33(15): 1233-1242. Papoutsoglou and P.K. Dendrinos, 1979. Studies on

24. Melotti, P., A. Roncarati, L. Angellotti,  A.   Dees, the effect of density on body composition, growth
G.E. Magi1, C. Mazzini, C. Bianchi and R. Casciano, rate and survival of rainbow trout fry, reared in
2004. Effects of rearing density on rainbow trout semiclosed system. Thalassographica, 1: 43-56.
welfare, determined by plasmatic and tissue 32. Holm, C.J., T. Refstie and S. Bø, 1990. The Effect of
parameters. Ital. J. Anim. Scient., 3: 393-400. fish density and feeding regimes on individual

25. Wallat, G.K., L. G. Tiu, J.D. Rapp and R. Moore, 2004. growth rate and mortality in rainbow trout
Effect of stocking density on growth,  yield  and (Oncorhynchus mykiss). Aquaculture, 89: 225-232.
costs of producing rainbow trout (Oncorhynchus 33. Wendelaar Bonga, S.E., 1997. The stress response in
mykiss) in cages. Journal of Applied Aquaculture, fish. Physiol. Rev., 77: 591-625.
15(3-4): 73-82. 34. Schereck, C.B., 1982. Stress and rearing of salmonids.

26. Rasmussen, R.S., F.H. Larsen and S. Jensen, 2007. Fin Aquaculture, 8: 319-326.
condition and growth among rainbow trout reared at
different sizes, densities and feeding frequencies in
high temperature re-circulated water. Aquaculture
International, 15: 97-107.


