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ABSTRACT

Introduction: The Caspian Kutum (Rutilus frisii) is a unique species of bony fish
native to the Iranian coastal of the Caspian Sea, which can be a suitable fish for
introduction to the aquaculture industry in Iran. Considering its marketability,
commercial importance and high nutritional value, the Iranian Fisheries Research
Institute, aimed to carry out an experimental study with the aim of increasing
production and supplies, reducing fishing pressure and protecting its natural
stocks in the Caspian Sea and finally, introducing as a new and strategic species
to the country's aquaculture industries.

Materials and methods: In this study, the growth performance and survival rate
of cultured Kutum fry, with an initial average weight of 1.78 + 0.66 g, were
evaluated in two different densities: 25 and 50 fish/m?, for a period of 110 days
in some concrete channel ponds with an approximate volume of 8 m®. The ponds
received a constant water flow from an agricultural irrigation channel at the
Restoration and Protection of Fish Genetic Resources of Shahid Ansari Center,
Rasht, Iran.

Results and discussion: The growth rate showed a significant inverse
relationship with density in the experimental treatments (p<0.05), with average
weight gain of 1364.84 + 16.19 and 653.82 + 44.29 g in the treatments 1 and 2,
respectively. The food conversion ratio exhibited a direct relationship with
density, displaying a significant difference with averages of 1.93 + 0.13 in low-
and 5.41 + 0.56 in high-density treatments. Also, the results indicated that
increased density led to a significant drop in body length gain indices, specific
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growth rate, and daily growth rate (p<0.05). There was a significant difference
between treatments 1 and 2 in terms of survival rate at the end of the rearing
period, with the values of 84.62 £+ 3.52% and 77.95 + 1.35%, respectively.
Conclusions: In general, the results of this study confirmed that the rearing of
Kutum fry at a density of 25 fish/m® in concrete ponds with freshwater is more
suitable to achieve better performance.
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Table 1 Proximate analysis of the diet used for feeding of Kutum larvae (Rutilus frisii)

(Mahdane Company, https://mahdaneco.ir/).

Proximate analysis Amount
Dry matter (%) 90+2
Crud protein (%) 40£2
Crud fat (%) 12>
Crud fiber (%) 5>
Ash (%) 13>
Carbohydrate (%) 302
Gross energy (kcal/kg) 4200 £+ 100

Source of food: Mahdane Animal and Poultry Feed Company, Karaj, Iran

(Rutilus frisii) o 2l 4 o593 5l ooliiwl 090 1AL 0 £95 g (o ).JbT Y Jous
(https://www.faradaneh.net afsl s s yi)

Table 2 Proximate analysis of diet used for feeding of Kutum fingerlings (Rutilus frisii)
(Faradaneh Company, https://www.faradaneh.net).

Proximate analysis and characteristics SFT2
Crud protein (%) 46-50
Crud fat (%) 11-15
Crud fiber (%) 1.5-3
Ash (%) 9-13
Wet (%) 5-11
Digestible phosphorus (%) 1-1.5
Food type Semi-float
Food diameter (mm) 2116
Fish weight (g) 2-4
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Figure 1. Percentage of body length increase at different densities of rearing Kutum (Rutilus
frisii) fingerlings in freshwater
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Figure 2 Changes of average body length increase at different densities of rearing Kutum
(Rutilus frisii) fingerlings in freshwater
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Table 3 Growth and survival indices of Kutum (Rutilus frisii) fingerlings reared at two different
densities with freshwater

Growth indices 25 fish/m® 50 fish/m® ANOVA
Final length (cm) 19.078 + 0.155 11.652 +0.331 -
Final weight (g) 26.013 £ 0.287 13.387 + 0.787 -
Weight gain (%) 1364.84 + 16.18° 653.81 + 44.29P 0.000
Weight gain (g) 24.238 £ 0.2772 11.62 + 0.764° 0.000
SGR (%/day) 3.835+0.016% 2.884 + 0.085" 0.000
FCR 1.932 +0.132° 5.413 + 0.560% 0.000
DFC (%) 5.143 + 0.347° 13.402 + 1.2612 0.005
MDWG (g/day) 0.342 £ 0.0042 0.166 + 0.011° 0.000
Survival (%) 88.33 £ 1.57° 82.09 + 1.09° 0.048




(O)Sen 5 592 J9) b ST L (i (sla il 13 (6)ls st S (Ble (Sloosis g 0y ;0 oS5 156 (cusy /AR

w
(82]
)

Treat 1

Weight gain (g)
6 &6 8 & 8

[(8)]
1

= e e Treat2

Initial length first

second third

Rearing period

V395 0599 30 (RULTHUS Trisil) ouiuw oole aze (yay (339 i 581 cpiilen ol gt ¥ IS
Figure 3 Changes in average body weight gain of Kutum (Rutilus frisii) in the rearing period

%é §é

Average STD

Maximum Minimum

(Rutilus frisii) aaiw plo 4z (p,5) LU Jgaxe (piileo Ol i Wigy P USs
Figure 4 Changes in average final biomass (g) of Kutum (Rutilus frisii) fingerlings

S lailiwl aials ;o gy Oy50 oSl 5 035 culio
Boyd, 1982) cuzls )3 slale 105 390 &ly
Ol 31 o815 Gl b oS wisls (lis Gehons (l b
A>yo 0 (Shygn Sehe Olale azm ud) slogasly
Ot STl JUE g sleazds> 50 lonoie
O O 9 \.\.’Q; oés}é‘ olals u‘).»do B ) o alwlS
bl Soled G i 2550 lrosls (ke
5003 YO) yomb o515 L as Slale 5 09 o ge
adg il o Sles ol ools iy (& e
b Son obele Cons i B8k 5 Jpaxe
oals Wiog 0,95 1 (@ yie j0 dae D) YL STy
Sl 5 00 4, aslh e a6 iy
b ol (e ad il 1A Bran 925 L oS5
oy o> Guasd 5l ol gosls b golice gl
Valipour and) os 35 % olbase

Sl cel Goyinl ol Jole (laicay ilgs oo o515
Irwin et al. 1999;) oo (59 SiolS 5 agil
&, eaiylasl L,eS L 4 (Rowland et al. 2006
slaaiss oga olals o (Meloti et al. 2004)
Gl a4 axg b oaS ol ooy allleRileS
Wby slatls p oS1E ol lale Sujele
Gl 5 Jyame o (Fo> layull w@pdss
Abdelghany and Ahmad, ) ss; walss 138,56
5 o o3 o515 (2002; Rahman et al. 2015
Sansil 5 0os olale Ghpen elss et
oladl vgu 5 plgs a5 il o S asll (ST
(Rahman et al. 2015) oS o ‘yeni |, 05 pomnn
S5 Srazde> )3 (g p e ol GG )
5 oy bl Ol aleerd 5 (S5 Jolse Sl S|



Aol (VY g0 epoms oyl etd JLo) el adis

Obole a2 (59, » 955 Giod ) 55 (V-VY) (S
o5 YATEEYIEY (1 Sila i b e (055, Y1 U35
By ;o 33e YA 4 VF 5l (ST olisl a5 aadl o
29 0ad oy Ay capd 5 Oy pRIPl el o
plmil Gadoss )0 el 00938l o138 has <o pd liee
VoV o g (sloyon g oalo b (59, p oad
g Plaz 3 ol o515 b jles 50 2l 09 sl
Oleale b (eloizl wytal 5l (L30 Wilgs oo ol cpl e
Bgr i Vb lapSTs e plaled o o5 wiL
4 a8 adl,e (V4N o, Ken 5 Seyyed Hasani
ol 855 p S ALY Gl5eD Jol (y9 0599 51 5
Sy (2lowsli s (oS5 4 diily 4355 G (6
A G, b a5e8 1l g 009 YU slapSTy Jeow a4y j0l8
Dl 055 31 015 & S 520 Joo 0,5 V39
WSV B gAY il 50 ol oygp qonlply ol
By s 5 pSS VY g 210 slapSTy o i
30 3w (o, ANYY £ V/BY) 6,80k oyl e (o yiin
a5 del Casd 4 (oo ;0 036 Vo) (ST o 5S
)i{o ul.c.c:u Ja.wy o0l lol.?u‘ o._)La.:.c.‘?u ]
Mirza, 2007; Mollah et al. 2015; Rahman )
(YY) o Kes ¢ Vazzana .o, et al. 2015
b b Bl &5 WS 18
oS5 50 ead ,l (Dicentrarchus labrax)
oo bulyd joaS obyo slaul b avslie jo ieS
ST 05 Ty (6l (sten a3l Wisss o 5 eSS
P YL pSTE 5 IS S s W s s pals 5
Paralichthys)  L,als ool ek
Lo . 41,1 (German et al. 2007) (californicus
(YY) oL Ken 5 Fazael g ous plol olidss
S @pete o 300 B0 oSTH L jled )3 W wo)s
bjloss e BT g 050 mujeyie ;o 30 Ve (S5

Sl lid o Jme
PS5 a8 090 plo Gl oe FEl Baiow ls bl
Cold, i 4y o i joged dgaote Jud 5l LYo 4 YL
Slciser pudglio Cya ;0 138 Brae (lale oo
Sz 513k Bras (alo ab) Za 0 &5 o510
2 Vb Sl 5l A6 el g 25 Ll b ablis
G&.;.A ).uL o).»9 M) CJ" 9 o\.\.o—‘ Cowd )9 ‘_gl.&buakl.w
wdly YL 0,33 (S15 50 yiaS ol ( IS jebo a4 0)ls

oSl g0 s 5o (Maghsoodi Kohan, 2018
CoSo e o 0ae B g VP ol aub oole dazy alizes
Ohygp N3l HIB w2 0550 555 sbyo Heb I OTL
2 a5 WIEL £V adgl 50 b olale as
plosl ole VIO o Jgb cxSoyie ¥ jga0 (sladzos>
e ls e o515 Gl b as wols les s .8
TP o 0j9 oIBl o Jsb GlBl Jels o) sla
03938l @l fod cups p g 4l a5 oy 0,
90 Slazde> ;5 BNk Ol rizres g 038
oS5 b sloazmdg> 5l i CAMA) 5 ol 6515 L
o es 3 Mohammadnejad . (/YY) YL
O g Fe X Ve Ve ol calizes oS150 51(Y<NY)
039 b e (olo o )wle 5 0y 2] mye e ;o 20
olis gl il plxl 4 0,5 < WFAE [ A L Sils
O, bos 1 (5 e U poye e jo dae Ve (S1)5 a5 wols
pe (LBOAe 2902) (59 GlPl slo als g ud,
o oxe Ve 1Sl o g Bube oppin Jyoanils
EI'Ja.wy 0 ral?u‘ (B L).JL.»‘ PIR W RVIy Spgve)
Wiy F g g9 il a5 ws et (Y - Y) Sayed
S Oz (Bl azm 0233 (15 b Ghie (Ko
Ay Jlads 9 awsls (Oreochromis niloticus) s
Y 53 (ol jo .l (alS 0,053 oST5 Gralidl b )]
Oncorhynchus  mykiss) LS %,
Barbodes U ,s 455 4 (Trenzado et al. 2006)
(Faizul and Christianus, 2013) gonionotus
oo)li3 (Ve v ) Alameh sl e polie s 5
Y o515 50 LS 0, YT U8 (ale w45 08
A6 (YY) o 5en 5 Fazael .aas o olis rals
SYIUB ole ole s copo g ab, 1) o1y
L aS 0is,S camlive 5 2ol )18 s 0 9,90 leS (15,
Olime 3l aayoye j0 das Voo 4y 00 5l (ST 2ol
005}5‘ ‘5:‘.)& Jad.u w)aa a9 ol dwlS .)J::) Q)SLQ.C
P2 pSHSY 9 V0 i GlaeSTS oy S
EAL oS TOEND alo b (siluonsd @pe fe
Al Az S 2OlAE jgy 50 ay ig e, Vg V) adas
2SS ) o515 0wl o Shee 5 408 e g5 &S
9 039 S 39y % ON Oj9 ey T (oli g me
s Momeni .(Kharken Ghamsari, 2018)



()50 5 558 e T b (S sl 3l 15 (6 s st pis ole Slooni g 0ty 43 (0513 3T gy 0/ 4

b ooy Ol ol cle g ol (ST
w‘)s‘ il M‘ﬁ e).._'>o pS‘).' L 0‘5"(56 ‘) KS'L'\'C
5 Blo bawgs (Brae I3 5 9000 20U el o515
i by Glifl el )0 5 ead W) alS
Sy ange Rl cel ol ren g atsls Jlis 4 )
GL.> 0y WS‘)" ASULM OYAR cadle) ol M\?
38,5 adgi a0 AWl g ol malS Wl ge wilgy o YU
5 059 (golaidl agi W8l Wilgh o 55 b slapS] S
g saxly 4 o) 5 500 5 oslogm (Rl o
calizee sbaaisS (gl Collas 0,55 (ST cplply 08§
ANty Cupde jshiteds sy Jole 5 oL
Sl G g byl 4 Sl (g g g

(Rowland et al. 2006)
YU 0,d oSl a5 €85 axl ol o IS job @
St oole Jgame adgi g iy ) 5 (g5l pxe Sl 3
Sy o Shee g (plo ) o abal) g LB 5 )ly 0 i
axlg jo ol aSl b g 0 s ol Jgame ol
o @pere )3 038 YO o515 LY Jles (B)9n haw
Gyoie e 3e B VL oS5 LYl i olale

Bl s s e B T adgs olime g 39

SS9 yud g S

ol e soliien 5 el L oliSes |
Ohen s 45 S5 el ool eaSangy,
et bple Sy w5l cblas g g5lesl 35 e
el 1y il g s JloS e (5Ll

&L

Abdelghany, A.E., Ahmad, H.M. 2002.
Effects of feeding rate on growth and
production of Nile tilapia, common carp
and silver carp polyculture in fertilized
ponds. Aquaculture Research 33: 415-
423. doi: 10.1111/5.1749-
7345.2002.tb00507.x .

Alam, T., Ishikawa, K., Yani, H. 2001.
Methionine requirement of juvenile
Japanese flounder Paralichthys
Olivaceus estimated by the oxidation of
radioactive methionine. Aquaculture

8 elaxat Jalas dié (gl 2oy (ol b coiS @
Vb op>d lapSls adboe jlo g SS9 5 o2l
(Bl Sl 5 (Sl Ll b o Bla s
g ol Rl g a8 o els wpdss Ghals
Ole=e 4 o515 nlple 00,5 ooyt il ol 5o
ol oas aBlis ey el Jle
Jorgensen et al. 1993; Trenzado et al.)
Jelse ples (2006; Rafatnezhad et al. 2008
Cdls Cumdy (515 alez ) (arme (Sl50m 5l
Clgdsny, plad Oloul cel g Wi )ldS o JI 2l
5 SglRalieSe el (SojpSalacal L) o
Sl @ plaS al g oad 055 (lols Shee jl (andgind
S9zge Lulph b ablie Bro jlivy Wigh ad) B0 &S
Sy s ly aly Gals cle ren 4y 5 Wsd (o0
shyls 5wyl Julse (Dabrowski et al. 1996)
oS5 eBb il glizial 4y ansl oo cdge Ol
Lol (et g O3S oo Sl (ejo oyl &ly ) oS
b oo GRIBEIVL sl (T3 s plale 0 5551 sln
~Cellad Dl s Jed 5l Sl Sledas 4 lale 1Y
Sras oyl pd iz 9 5 WS ol Sl ol sle
2S5l b 551 Gl Sz g wb oo S 136
Sgd oo My EBLS s Culgd 0 aS 59l eolaiul oy
(Schreck et al. 1985; Vijayan et al. 1990)
Leatherland ) .ol 51 (256 053 (ST il
o 550 slosls Liliél b ol e @nd Cho, 1985
Hengsawat ) 05,5 213 3l 555000 50, 0 alS
Slads g oo ol goaxie Julse €T al. 1997
Ogzen SleS| llpd o Brae Slhes g (omolie
S35 2 0p>S (515 eizred 9 (alrerd 5 (Sud Jolse
A S8y plale 2l oo o s Gl

Nutrition 7: 201-209. doi:
10.1046/j.1365-2095.2001.00171.x
Alameh, S.K. 2010. Investigation of
density effects on the growth and feed
conversion ratio of rainbow trout.
Pajouhesh and Sazandegi (in Animal

and Fisheries Sciences) 70: 23-27.
Andrade, T., Afonso, A., Perez-Jimenez, A.,
Oliva-Teles, A., de las Heras, V.,
Mancera, J.M., Serradeiro, R., Costas, B.
2015. Evaluation of different stocking
densities in a Senegalese sole (Solea


https://doi/
https://doi/

AY) (VF+Y o epgen 0leds et JLo) el sdis

senegalensis) farm: Implications for
growth, humoral immune parameters
and oxidative status. Aquaculture 438:
6-11. doi:
10.1016/j.aquaculture.2014.12.034.

AOAC. 2010. Official Method of Analysis
of AOAC International, 19" edition.
Washington, DC: Association of
Official Analytical Chemists.

Backiel, T., Le Cren, E.D. 1978. Some
density relationship for fish population
parameters. In: The Ecology of
Freshwater Fish Production. In: Gerking,
S.D. (ed.). Blackwell Scientific
Publications, Oxford, 279-302.

Barton, B.A., Iwama, G.K. 1991.
Physiological changes in fish from stress
in aquaculture with emphasis on the
response and effects of corticostroids.
Aquaculture 1: 3-26. doi: 10.1016/0959-
8030(91)90019-G.

Barua, G. 1990. Gonadal development and
fry rearing of Clarias batrachus. PhD
thesis, Department of Fisheries Biology
and Limnology, Bangladesh
Agricultural University, 310 p.

Bolasina, S., Tagawa, M., Yamashita, Y.,
Tanaka, M. 2006. Effect of stocking
density on growth, digestive enzyme
activity and cortisol level in larvae and
juveniles of  Japanese flounder,
Paralichthys olivaceus. Aquaculture
259: 432-443.

Boyd, C.E. 1982. Water quality
management for pond fish culture.
Elsevier Science Ltd. 318 p.

Braun, N., Lima de Lima, R., Baldisserotto,
B., Dafre, A.L., Pires de Oliveira Nufier,
A. 2010. Growth, biochemical and
physiological responses of Salminus
brasiliensis with different stocking
densities and handling. Aquaculture 301:
22-30. doi:
10.1016/j.aquaculture.2010.01.022.

Canario, A.V.M., Condec, A.J., Power,
D.M.,, Ingleton, P.M. 1998. The effect of
stocking density on growth in the
gilthead sea-bream, Sparus aurata (L.).
Aquaculture Research 29: 177-181. doi:
10.1046/j.1365-2109.1998.00954 .x.

Dabrowski, K.,  Matusiewics, M.,
Matusiewics, K., Hoppe, P., Ebeling, J.

1996. Bioavailability of vitamin C from
two ascorbyl monophosphate esters in
rainbow trout, Oncorhynchus mykiss
(Walbaum). Agquaculture 2: 3-10. doi:
10.1111/j.1365-2095.1996.tb00002.x.

Daryanabard, A. 2023. Stock Assessment
and determination of the biological catch
of economically important bony fishes
in Iranian waters of the Caspian Sea.
Iranian Fisheries Science Research
Institute, 135 p.

Ellis, T., North, B., Scott, A.P., Bromage,
N.R., Porter, M., Gadd, D. 2002. The
relationships between stocking density
and welfare in farmed rainbow trout.
Journal of Fish Biology 61: 493-531. doi:
10.1111/5.1095-8649.2002.tb00893.x.

El-Sayed, A.F.M. 2002. Effects of stocking
density and feeding levels on growth and
feed efficiency of Nile tilapia
(Oreochromis  niloticus L.)  fry.
Aquaculture Research 33: 621-626. doi:
10.1046/j.1365-2109.2002.00700.X.

Faizul, M.LLM., Christianus, A. 2013.
Salinity and stocking density effect on
growth and survival of Barbodes
gonionotus (Bleeker, 1860) fry. Journal
of Fisheries and Aquatic Science 8: 419.

Fazaei, Z., Sajadi, M.M., Souri Nezhad, A.,
Asadi, R. 2012. The effects of rearing in
different densities and supplementation
of vitamin E in the diet on growth
indices,  survival, and  carcass
composition  of  rainbow  trout
(Oncorhynchus  mykiss). Journal of
Aquatic Ecology, 2, 44-55.

Gongcalves de Oliveira, E., Pinheiro, A.B.,
Queiroz de Oliveira, V., Melo da Silva
Junior, A.L., Gazzineo de Moraes, M.,
Rocha, 1.R.C.B., Rocha de Sousa, R.,
Farias Costa, F.H. 2012. Effects of
stocking density on the performance of
juvenile pirarucu (Arapaima gigas) in
cages. Aquaculture 370: 96-101. doi:
10.1016/j.aquaculture.2012.09.027.

Gornati, R., Papis, E., Rimoldi, S., Terova,
G., Saroglia, M., Bernardini, G. 2004.
Rearing  density  influences the
expression of stress-related genes in sea
bass (Dicentrarchus labrax L). Gene.
341: 111-118. doi:
10.1016/j.gene.2004.06.020.


https://doi/
https://doi/
https://doi/
https://doi/
https://doi/
https://doi/
https://doi/
https://doi/
https://doi/

(O)Se2 5 592 J9) o ST L (g (sl el 53 (619 i S (Blo Sloodi g 0y 40 3515 8L (owy 0 [ A

Hengsawat, K., Ward, F.J., Jaruratjamorn,
P. 1997. The effect of stocking density
on vyield, growth and mortality of
African catfish (Clarias gariepinus
Burchell 1822) cultured in cages.
Aquaculture  152: 67-76.  doi:
10.1016/S0044-8486(97)00008-2.

Holm, J.C., Refstie, T., Bo, S. 1990. The
effect of fish density and feeding
regimes on individual growth rate and
mortality on rainbow trout
(Oncorhynchus mykiss). Aquaculture,
89: 225-232. doi: 10.1016/0044-
8486(90)90128-A.

Irwin, P.O., Halloran, J., FitzGerald, R.D.
1999. Stocking density, growth and
growth variation in juvenile turbot,
Scophthalmus maximus (Rafinesque).
Agquaculture  178: 77-88.  doi:
10.1016/S0044-8486(99)00122-2.

Jorgensen, E.H., Christiansen, J.S., Jobling,
M. 1993. Effects of stocking density on
food intake, growth performance and
oxygen consumption in Arctic charr
(Salvelinu salpinus). Aquaculture 110:
191-204. doi: 10.1016/0044-
8486(93)90272-Z.

Kebus, M.J., Collins, M.T., Brownfield,
M.S., Amundson, C.H., Kayes, T.B.,
Malison, J.A. 1992. Effects of rearing
density on stress response and growth of
rainbow trout. Journal of Aquatic
Animal  Health 4: 1-6. doi:
10.1577/1548-8667(1992).

Kharken Ghamsari, M., Akrami, R.,
Ahmadi, Z. 2018. The interactive

effect of density and feeding
percentage on growth indices, blood
factors, and some water quality
parameters in juvenile cultured Beluga
Huso huso (Linnaeus, 1758). Journal
of Applied Ichthyological Research 6:
115-128.

Kristiansen, T.S., Fernd, A., Holm, J.C,,

Privitera, L., Bakke, S., Fosseidengen, J.
E. 2004. Swimming behavior as an
indicator of low growth rate and
impaired welfare in Atlantic halibut
(Hippoglossus hippoglossus L.) reared
at three stocking densities. Aquaculture
230: 137-151. doi: 10.1016/S0044-
8486(03)00436-8.

Kuipers, K.L., Summerfelt, R.C. 1994.
Converting pond-reared walleye
fingerlings to formulated feeds: Effects
of diet, temperature, and stocking
density. Journal of Applied Aquaculture
4: 31-58. doi: 10, 1300/J028v04n02_04.

Lambert, Y., Dutil, J. D. 2001. Food intake
and growth of adult Atlantic cod (Gadus
morhua L.) reared under different
conditions of stocking density, feeding
frequency and size-grading.
Aquaculture  192:  233-247. doi:
10.1016/S0044-8486(00)00448-8.

Leatherland, J.F., Cho, C.Y. 1985. Effect of
rearing density on thyroid and
interrenal  gland activity and plasma
hepatic metabolite levels in rainbow

trout, Salmo gairdneri, Richardson.
Journal of Fish Biology 27: 583-592. doi:
10.1111/j.1095-8649.1985.tb03203.x.

Lefrancois, C., Claireaux, G., Mercier, C.,
Aubin, J. 2001. Effect of density on the
routine metabolic expenditure of farmed
rainbow trout (Oncorhynchus mykiss).
Agquaculture  195:  269-277. doi:
10.1016/S0044-8486(00)00559-7.

Lin, J.H., Gui, Y., Hung, S.S.0., Shiau S.Y.
1997. Effect of feeding strategy and
carbohydrate source on carbohydrate
utilization by white sturgeon and hybrid
tilapia. Aquaculture 148: 201-211. doi:
10.1016/S0044-8486(96)01420-2.

Meloti, P., Roncaratu, A., Angellotti, L.,
Dees, A., Magi, G.E., Mazzini C.,,
Bianchi, C., Casciano, R. 2004. Effects
of rearing density on rainbow trout

welfare, determined by plasmatic and
tissue parameters. Italian Journal of
Animal Science 3: 393-400. doi:
10.4081/ijas.2004.393.

Merino, G.E., Piedrahita, R.H., Conklin,
D.E. 2007. The effect of fish stocking
density on the growth of California
halibut  (Paralichthys californicus)
juveniles. Aquaculture 176-186. doi:
16/j.aquaculture.2007.01.028.

Mohammadnejad Shemoushki, M.,
Karbakhsh Ravari, A., Mazini, M. 2013.
Investigation of various densities on
growth and survival indices of juvenile
Kutum (Rutilus frisii) in the Caspian Sea.
Journal of Marine Biology 4: 59-70.


https://doi/
https://doi/
https://doi/
https://doi/
https://doi.org/10.1577/1548-8667(1992)
https://doi.org/10.1577/1548-8667(1992)
https://doi/
https://doi.org/10,%201300/J028v04n02_04
https://doi/
https://doi/
https://doi/
https://doi/
https://doi/
https://doi/

AP/ (VFY o0 ez Lo irotd JLo) bl s

Mollah, M.F.A., Moniruzzaman, M.,
Rahman, M.M. 2015. Effects of stocking
densities on growth and survival of Thai
Sharpunti (Barbonymus gonionotus) in
earthen ponds. Journal of the
Bangladesh Agricultural University 9:
327-338.

Momeni, V., Ghalichi, A., Jorjani, S. 2017.
The role of density changes on some
growth and hematological indices of
rainbow trout (Onchorhynchus mykiss).

Journal of Aquaculture Development 11:

111-122.

Montero, D., lzquierdo, M.S., Tort, L.,
Robaina, L., Vergara, J.M. 1999. High
stocking density produces crowding
stress altering some physiological and
biochemical parameters in gilthead
seabream, Sparus auratus, juveniles.
Fish Physiology and Biochemistry 20:
53-60. doi: 10.1023/A:1007719928905.

North, B.P., Ellis, T., Turnbull, J.F., Davis,
J., Bromage, N.R. 2006. Stocking
density practices of commercial UK
rainbow trout farms. Aquaculture 259:
260-267. doi:
10.1016/j.aquaculture.2006.05.043.

Petit, G., Beauchaud, M., Buisson, B. 2001.
Density effects on food intake and
growth of largemouth bass (Micropterus
salmoides). Aquaculture Research 32:
495-497. doi: 0.1046/j.1365-
2109.2001.00589.x.

Pourali, H.R., Mohseni, M. 2010.
Composite biotechnology plan for Huso
huso using Caspian Sea water (Phase I:
Different densities and discharges).
Organization for Research, Training and
Promotion of Agriculture. Iranian
Fisheries Research Institute, 106 p.

Rafatnezhad, S., Falahatkar, B., Tolouei
Gilani, M.H. 2008. Effects of stocking
density on haematological parameters,
growth and fin erosion of great sturgeon
(Huso huso) juveniles. Aquaculture
Research 39:1506-1513. doi: 10,1111/j.
1362109,2008,02020.x.

Rahman, M., Ferdous, Z., Mondal, S.,
Amin, M.R. 2015. Stocking density
effects on growth indices, survival and
production of  Thai  Sharpunti,
Barbonymus gonionotus (Cyprinidae:

Cypriniformes) reared in earthen Ponds.
International Journal of Fisheries and
Aguatic Studies 2: 350-353. doi:
10.22271/fish.

Rowland, S.J., Mifsud, C., Nixon, M., Boyd,
P. 2006. Effects of stocking density on
the performance of the Australian
freshwater silver perch (Bidyanus
bidyanus) in cages. Aquaculture 253:
301-308. doi:
10.1016/j.aquaculture.2005.04.049.

Rui, L.ILA.O., Youjun, O.U., Xiaoweli,
G.0.U. 2006. A review: Influence of
stocking density on fish welfare
mortality, growth, feeding and stress
response. South China Fisheries Science
2: 76-80. doi: 10.12131/20230159.

Samad, A.P.A., Hua, N.F.,, Chou, L.M.
2014. Effects of stocking density on
growth and feed utilization of grouper
(Epinephelus  coioides) reared in
recirculation and flow-through water
system. African Journal of Agricultural
Research 9: 812-822. doi:
10.5897/AJAR2013.7888.

Sammouth, S., Roque d’Orbcastel, E.,
Gasset, E., Lemarie’, G., Breuil, G,
Marino, G., Coeurdacier, J.L., Fivelstad,
S., Blancheton, J.P. 2009. The effect of
density on sea bass (Dicentrarchus
labrax) performance in a tank-based
recirculating  system.  Aquacultural
Engineering 40: 72-78. doi:
10.1016/j.aquaeng.2008.11.004.

Schreck, C.B., Patino, R., Pring, C.K,,
Winton, J.R., Holway, J.E. 1985. The
effect of rearing density on indices of the
smoltification and performance of coho
salmon, Oncorhynchus kisutch.
Aquaculture  45:  345-358.  doi:
10.1016/0044-8486(85)90280-7.

Seyyed Hasani, M.H., Alipour, A., Yousefi
Jordehi, A., Yeganeh, H. 2018. Effect of
stocking density on growth and stress
indices of cultured Siberian sturgeon
(Acipenser baerii) juveniles in fiberglass
tanks. Physiology and Animal Evolution
Journal (Journal of Plasma and
Biomarkers) 11: 27-40.

Sloman, K.A., Armstrong, J.D. 2002.
Physiological effects of dominance
hierarchies: Laboratory artifacts' or


https://doi/
https://doi/
https://doi.org/10,1111/j.%201362109,2008,02020.x
https://doi.org/10,1111/j.%201362109,2008,02020.x
https://doi/
https://doi/
https://doi/

(O 5 o d9) s ST L Sy sl el )3 6 )lg oty S oale Slooss g 03 55 0515 b (o 1 20

natural phenomena? Journal of Fish
Biology 61: 1-23. doi: 10.1111/j.1095-
8649.2002.th01733.x.

Tacon, A.G. 1990. Standard methods for
the nutrition and feeding of farmed fish
and shrimp. Vol. 3. Feeding methods.
Argent Laboratories Press, Redmond,
Washington, USA, 208 p.

Trenzado, C.E., Morales, AE., de la
Higuera, M. 2006. Physiological effects
of crowding in rainbow trout,
Oncorhynchus mykiss, selected for low
and high stress  responsiveness.
Agquaculture  258: 583-593. doi:
10.1016/j.aquaculture.2006.03.045.

Valipour A.R., Khanipour A.A. 2010.
Kutum, jewel of the Caspian Sea. Iranian
Fisheries Research Organization, 95 p.

Valipour, A., Maghsoudiyeh Kohen, H.,
2018. The study of stocking density
effect on growth and survival of juvenile
kutum (Rutilus frisii) with Caspian Sea
water. Journal of Applied Ichthyological
Research 6: 131-144.

Vazzana, M., Cammarata, M., Cooper E.L.,
Parrinello, N. 2002. Confinement stress
in sea bass (Dicentrarchus labrax)
depresses peritoneal leukocyte
cytotoxicity. Aquaculture 210: 231-243.
doi: 10,1016/S00448486(01)3-00818.

Vijayan, M.M., Leatherland, J.F. 1988.
Effect of stocking density on the growth
and stress-response in brook charr,
Salvelinus fontinalis. Aquaculture 75:
159-170. doi: 10.1016/0044-
8486(88)90029-4.

Vijayan, M.M., Ballantyne, J.S,,
Leatherland, J.F. 1990. High stocking
density alters the energy metabolism of
brook charr, Salvelinus fontinalis.
Aquaculture  88: 371-381.  doi:
10.1016/0044-8486(90)90162-G.

Yin, Z., Lam, T.J., Sin, Y.M. 1995. The
effects of crowding stress on the non-
specific immune response in Fancy carp
(Cyprinus carpio L). Fish and Shellfish
Immunology 5: 519-529.  doi:
10.1016/S1050-4648(95)80052-2.


https://doi:%2010.1016/j.aquaculture.2006.03.045
https://doi:%2010.1016/j.aquaculture.2006.03.045
https://doi.org/10,1016/S00448486(01)3-00818
https://doi/
https://doi/
https://doi/

