[ Downloaded from isfj.ir on 2026-06-20 ]

[ DOR: 20.1001.1.10261354.1389.19.1.5.3 ]

[ DOI: 10.22092/1SFJ.2017.110282 ]

woD " urIThRW

30 0y 8 5ot g Shwig g Slgige yoB ) S0 GRS g (IIAS Cuang o 5l

(Oncorhynchus mykiss) (ybS 55 s¥TJ 9 2b
1) ol 4aboli g sl (s5lan 5ol 7 Sin sk sl s £ asm s gy
O s S Ly dans 5 (558 Gyaea e
r_rahimi6083@yahoo.com

Sely b pule 5 suosibiue sBEIs (ol ple suSlily— 0 40
ENVY 5y Gaaine oS (Olgs o8ty (b polie suSlils - Y 4 Y
OIS Ol (i gl ol ( lasas o sl ouSitiagly ~ ¢
ALVOV-ATINY iy G guins «lgiun! (ginins o€l ¢ panle polis suSitils -1

VWA ceigun )l b oad g WA (9 1ol fu

oS>

2 @it Jaes aTHS g ady s Shes Ty 9 Ts) sy, slgise)gn Cll (2 035 ler J) Gobod 0l 52
2 3 S Ky VTS Al ki gai 31 3adingd ol 53 .S )15 andllan 35 40 VYAB Jbu Bliwsy 53 los § B
L ol 1A jlasd 1) s g ©yleb i 5 Lo plag 3,8 alinl 0,8 EV/VA 05X G55 il b (Ghys 4 1y
sk ol wain 8 5 (Ko 8 wain ¥ iC ey o a3l arin b 5 (K )8 wiin ¥ B jles cpglite sk (231IE
b e . des Sy g 39y 334U 93 3 e o y3 PO ke RNIE ain B 5 (Ko S asia ¥ D e
ilyy N D e d)d 3 (@lid Jided o b 0319 Ay 2 (T 3 Ts) s Slgga) 90 dlar ) e
VY a s S S gl T G 53 G0 Slsaysn SSe)l S 035 613 a8 S 0510
Bl b b jlad 35 21 45 3.5 Cy B slayled 4 Glaio Ol jun-i it 8319 by o o (o3 2 33 oD ploit JUSS 59,
ot SIS b oy )3 N O 1y W Sy b (g (P<e /e 0 1) izl i3 e IS
ot 333) Kot B 1393 plit 3t g (Kb S 50yl 53 T3 03058 il Oljn (P> /+8) 3 K5 otalin ol
)ao\)_,g:u.lfa.i”:.\.’_u NS Oy e 53 Ll (P<+/veV) 5 g aidly J&\{uu)wbqw):(ub_uﬂr@,
Lt (P<+/+8) 530 dald 03,8 51 jzaS S )8 31593 gl 53 Lawitly Ty 90y 30 izmad udls (231581 o 51 ylod
SLaslag 45 Al sualis dsle ulss & dr g5 b L1 3y (1581 gy (San B sl ylas )3 sk (OIS Oy 93 )
01333 33 Lo sayn o) FALS o ga g bl oa SN 51 G 5,5 Slganrgh 3y 2 (BINE 5 (IE Cany 2
PIVIE 01y 93 33 &y gy SIS OB juas g iy Cuf oo Cpuizead 1D g o0 Skawa (AONLE Ol o 53 A58 5 (ollE Gy 2
oo TS 93 Lt gl 09,8 51 280 € 3 B Glajles 13 yo g Canl Gl 4y Slgasls 51 4 skme
etV Ay O g 2L A OV T g3 S 955 U990y 33 6 S 031 1y 487 515 LS uls S gy (S Il
58 318 anlllan 340 by b las 0 S5 g s polis e T Wl 53 3 48 g0 Sty 5 3,87 (350 Byle

i a5y 0y 3y ey T gT3 oy 13 oS 5, Y18 2gels’ O

J‘,:wz.\.ua._ny

ya


http://dx.doi.org/10.22092/ISFJ.2017.110282
https://dor.isc.ac/dor/20.1001.1.10261354.1389.19.1.5.3
http://isfj.ir/article-1-1678-en.html

[ Downloaded from isfj.ir on 2026-06-20 ]

[ DOR: 20.1001.1.10261354.1389.19.1.5.3 ]

[ DOI: 10.22092/1SFJ.2017.110282 ]

woD " urIThRW

s ady g Sles 5 (60858 LS seosh 3 aas AE 5 olIE ey sae )

ObLlSas y o,

Sy Slidge o Cdald 45 wad o (L 358 Ll
b bl )l saewilis fuzen § col gladss Consy 5l Sla
Wy S bowdliee gl G asbe wd, aulp
by s g el S oty Bl il Ko
090 sy Slegesr 0 Dbk 4 e Gl
MacKenzie et al, ;Yambayamba et al., 1996)
oo 458 gl Al el i Slalhe (1998
OLS (Sl a2y auli )0 Ligayen ol blsl pgalpm
b glher a8 00T ob)) anllian 098 raimen 283 ol
Syl sligeyge dlaz 5l Sujelpsed ol 51 oolinul
20,9550 i 4 G35, SWdge,e0 wile
P Gy Segeyen Dok aalllae o oty
wlize slaghys Jsb 0 oleS 5, YIUP (oale
Ol 4 B ond gpSolal Gl Comge 5 (Siw S
b ady s ol Cung e ilide slajlas b5

95 51y S35 Sigmygh 5 o3l

SLRCIYEE

3 aalllas ol o 0alizal 390 laS (K5, Y1 ol
oy )8 4y i 7,5 )0 adly el iy 48 )ie
Ol o8l b alie 0aSiily )5 adly oLl ads
i Vs bylpn b plale (6 pdy ek 0,90 aiad Jite
FYNAEIFY G5 eSiboa b (talejl s sl Jsbo &
Job ws)s kT Ltlei] OB La 50 due VY slas o5
3 otabel ot sl asalnil Job 4 azin 4 L250e3T 6,90
VB o 0 B VY Juld 6 i e dad e
P LY 2l s 8 eslinul g Ol 2I A gel> oS ol
ol Gal 5 eoliel 8,00 55 5, 9 LS 9 o 5,
Pl laylyd g (0,6 el VY g olidy) el VY Jals
el oad 1Y Jgaz jo ulesl

e ¥ Jals ol Sl 25k Sy B s iubes] ol
slooygs Jold oilejl glajlas 288 alt 1S5 ¥
9 VS 0 a5 cllsame 20lis g oliE Caeg e ilisee

C«m‘ ol 4.3‘)‘ \ J’b

Y
3 ‘S_n_L’Lé Casog o ,__gl.bm.j) 3' ool .sméué Lglbo,._..’.‘.: }‘ é
oy pb 4 gunl s oll 4 e AilgS g0 45 Cansl Sume p0li
a3 e gl ab) 095 (Compensatory Growth) il,.»
Ali et al., ;Dobson & Holmes, 1984) vl olié Cungyora
ey el o Jbio sl ) g2 (Nikki et al., 2004 ;2003
Metcalf & ;Jobling, 1994) =ufoals 515 50> slens S 5
Sl a3 5 leasls (gl wil$ ol (Monaghan, 2001
4 e Ay e 5 (Gaylord & Gatlindll, 2001 ;2001,2004
Gk Sl ol caie )8 )l saye rals
B Oliae )3 (92dipe 5 oS capo b sl I
;Gaylord et al, 2001;Quinton & Blake, 1990) 552 3 yae
Pl @y 2 s, auli b adye Sblas (Zhu er al, 2004
g A Sole il WS Dpge 2 oS 5, sYiJ
6‘4}[7'0’) ) ‘5_0"..{)3 w’)'.ag .))-l )' oalazd ).“ (\“AF) U‘)&"b
055y YU ale )Y lie g ad) 213 JoSe olgins
OKer 5 ool)F o > sl 13 aadllas 5,90 1, b8
Oy Y Gy )Y a; p oyl @i 36 (VYAF)
9y p e SR daaie Sldllae 35S wyn ) pleS
ad 5 plwl Glnl 5 GleS (5555 VI ale o ws) anl
Nafisi Bahabadi & \YAf (|Sen 5 s 00) ool
Dpe Olnl 3 Gler 0 wanli gy, p Slllas s,
Py e ool sl Gllas 3geaS pl ool 43,5
A oo Hlis aiay ol
S8 Seeal (Hornick ef al,, 2000) o558 sl 5,003,0
Jones &) Sl Mo; e J..::) JJ,LS » '.Q),a)’lb
aly auld 5 gude,s (slgees i (Clemmons, 1995
85, RIS b ol (8 Carag 090 Jsbo 3 il o e
e (wold b Lel ol go (205 55 (S Sledge 0
Navarmo &) oS oo lagy (99m0 Sy, o) (2l53H L ol o
(MacKenzie et al., 1998 ;Gutierrez, 1995)


http://dx.doi.org/10.22092/ISFJ.2017.110282
https://dor.isc.ac/dor/20.1001.1.10261354.1389.19.1.5.3
http://isfj.ir/article-1-1678-en.html

[ Downloaded from isfj.ir on 2026-06-20 ]

[ DOR: 20.1001.1.10261354.1389.19.1.5.3 ]

[ DOI: 10.22092/1SFJ.2017.110282 ]

woD " urIThRW

WWAA Sl /Y oolad / ana) e Sl

Ls

Lt gta,

OO w>»
_

Yy v ¢

an

.
-

Ol odad pale dlas

6O £ ¥ A 8

(C) o S cia ¥ jlas (B) S S in t jles (A) LS jles bl suoe aalds g S S bl Y IS
(Ko S Shatia i Ky 5 polie gakiia sl K5)) (D) Ko S Gla Yl

Olome Sl £80500) b3 (1) awe Jagl 22V g

o gls Ol gy i ges o O5eaS pH Jote
(o1 Sl 4 59) (4 53) (aads o) (il s p S0
\LIANES¥A4Y Y A= SEVERT AYYE XY YAtV JIEtA

Mj‘hﬁ L‘f-‘-‘ PL d) )&e "‘.!‘:\.'F dhﬁj) Y JJJ’.

s

(azin ) Lzdt ds 5o

W\A»):J»Ll.bcbo+u.<;..;w1
et d ) aolde win 0+ K S wia ¥
Wib):u,nl.l.'pcho+u§.4;m\'

PLEIRTS

O a0 w >

6 rSigs b Glaped 30l o0y 5 5l (g0 peigas 20,5 plovi
ot 3 00y b ale 208 ¥ (55 50 il ogy S0 lemy S
S50 Ll g 3 o Siiem JF olne 13 (Bt
s Y10 K p joslinit by pod aBles 4l 5l s g 0
Py odf Sy e 5 Siss EDTA Jpdoe 4y anz
a2y pheo Slad )3 g 0l A5 ) (o g VO gy S
M ey 3 03,5 Sgads il 1) 93 o 03,5 (5 0SS
A g eSS a8l az s ~Ae gles 0 g s S
D9y bl Lasaas )3 G0y slipgejge ibile

¥\

Jioss wupe {SGR% day™) ohg od) cups Sleeasls
by, bl FI% aslyy, shie O s sy s (FCR) ol3
[(Farhangi & Carter, 2000) w3 )3 1,8 )0 9,90 2
SGR = (log.W2 - log. W1)/t x 100
FCR = g feed intake / g live weight gain
%F] = g feed intake / g biomass. day ~' x 100
il go gilo) 0,90ty gl (159 W2 adyl 0y3e W ipl 0 o8
bl igialasl hsyl 53 6 Kigs Sl )10 g
$olass MalS &gy JUSa 53, VY 2 T 51 ey 5 (F2 )T


http://dx.doi.org/10.22092/ISFJ.2017.110282
https://dor.isc.ac/dor/20.1001.1.10261354.1389.19.1.5.3
http://isfj.ir/article-1-1678-en.html

[ Downloaded from isfj.ir on 2026-06-20 ]

[ DOR: 20.1001.1.10261354.1389.19.1.5.3 ]

[ DOI: 10.22092/1SFJ.2017.110282 ]

woD " urIThRW

s a9 oShae 5 gudgon (sledaen b s suns (oAliE y 32 Cue g e

OLlSen y pars,

O 039 @ 0gden eanlie Jguz (nl 0 & 44Kilan

Mt OB pas deo)d i0iy 05 o ol 09 Ky 5!
(P<-+0) ams o lis ald Jlas b 1) (5,0 gne S
Syl & Blate Glie n iy g D) pd gy p 0
Sgr o me Loyl pLu U jles g0 cpl sty C 4B
(P>+1+8) Liolsi Gl |, gl S0y L Ll (P<+/-0)
Syled )3 052 gt 4 429 b 2188 b (o ol
s i aalt 09, 5 Ul 5glis hié Cang e il |
SPIE 0ye0 b alsy, rae R sy Ll (P> )
L aalia 0 A jlad Jla 1) (g)lo tne LS S0
3 Sz LD b Ll (P<+/-0) ol oL C o B slo o
Olpeats 9y ) (P> 12 0) 2l s mine B Lo oS
cilise sbaylas o (halejl )98 Jobo )0 Lewdl T3 (90,90
oo &bV Jfoges 10 (2 s )3 8 4iU) plasma e

Cd)S Oy Gl 680l slacS g gwlgigasl 90l
(Vander Geyten et al., 1998)

= SLEsalsS Ggail 5t bools og Jlagi (s pslaze @

arcsinVx & geas Sxo,yd sloosts als .al solanal i jue!
by dmlie glp ad)laSy i)y aja 5l ad as
&'y Tukey's multiple range test (5051 51 5 by les
bl (2Silon (et )10 shne IS 2529 pas b S92y o
O3e3) 3 g (Slajeiie SI gy jolaze & ad oslied
Moges pavy 23,8 oolizu! Minitab 13 1sks 5 o il lgsS

=38 bl Excel 5ot e 5 00 55

(FW) (ol 03g S5 5l s 039 4 bogye gl
KBt bas cw o (8) Las 5 {SGR) o5y 0y o
Y Jyaz o (FI%) ailjy, 13 o as 0o,s 4 (FCR)

sl 00l
Olone Ot oot £ 5 Kl0) il 5 A2 lpad s 4 by e 2l Y s
p ) C s A\ g

/4 vieYEe vt gvvatov? tv/eAt. /2 AV AESVAS PN
e reeka M orgat VS ANAAEIAT AEI AT S S 5 35y
e VrE/0a YA Vyo/a v/ YAD VAN A/ TYS VARG S\ 03
e ARy TEIVLE Y/avEe /e g? Vovrds/ova© oy A
/ey YAk 8 ek g? VIV % VR AT Gy, sl & pmn doys
oY AYESYAL VYi TV VoAt /on? ALEVI

LR T VR RN

NSSUSIEHECVRE ) U e v K T S PRI F O 8

¥y


http://dx.doi.org/10.22092/ISFJ.2017.110282
https://dor.isc.ac/dor/20.1001.1.10261354.1389.19.1.5.3
http://isfj.ir/article-1-1678-en.html

[ DOR: 20.1001.1.10261354.1389.19.1.5.3 ]

[ DOI: 10.22092/1SFJ.2017.110282 ]

woD " urIThRW

[ Downloaded from isfj.ir on 2026-06-20 ]

\TA\J‘*A/\DJL‘.&/HJJJ—‘JL&“ o‘_)ﬂ‘o)l._u:aualctl:.n
kkk
ey e —.—A.M
¥
] w- e B g
v-b - M
g v —+==C i
'.')
3,
10
3]
C
Ts 8 4
1 ¥ T 1
\ T4 A ov )

M 4iga sy
()laﬂ ‘Swi&_‘;gﬁ)%‘shjw)é u:-gbjid‘,bjé'lb 'd‘,‘)‘,b CJ'::A': J.;JJ :\ J‘é_,‘;

el (P<o/0aY) e g (P<o/0)) el (P<e/e0) %

| U;bjéi‘f‘J: hJL‘-_J &)‘3@# s LY ) GL:.;)‘A‘,Q.; 2» L'J"u;ﬁ d‘,)"

Ohgs plast 3l (Ko )5 Sl jlass 13 (19098 (ol Dy
B jless o Lesdly Ty (2aljdl iy, g Sl 4y, (Ko )$
@Y ce LD € jles 4o Jy o9 bajless pl i 5ass
sr s GRalS 3T ol aigai 90 e Lo Lot aszily 2l
raleil ey90 Jabo 55 Ledly T (ygay90 Sl oy, aiils
Oedhes 50 05 gU) plasma cew>; ilide slajles )
st 00 WLIY Jloges 5o

Slomdly Ty 550 45 098 g0 00liis ¥ jlogai 4y a2 i by
(ot 3 St 59)) (K 5 Olgs Sl 10 (Saw ) sl jles
gt yiaS (5,10 gina jatay (wal ) A Jlas Ly aia o
G aigSmd Si F i o g Ll (P< /)
phSme ol gam slas ls paiged ;o als valia o siea
J_;,) .(P>'/°A) CA_.::L)U O’..?’ 6)“)&5_;"" A.’)t-;' Lb)Lge: )l
Obsd Ja=b 5 e o Sl LD, Ty yameyad Dl pris
gy S )F lajlasd 53 3,98 Ol Oliee Same (p0li2
ol St

A

ST slarsy 45 sytign ssalin ) Jlogei 4 azgi b
O3oy98 (o Oliee ool 008 Lasdy T3 (190592 8 g
S sk et g S g 50 (S )S SlajlesS 50
Sl pdigai ;3 Ll (P<efs V) gy (2al2) A og)S 3l pas
095 31 AV a4 € Lo o bl Ty olies 050 9 o 59)
Gy P<elee ol plas ] gl pne DS g oy dall
ok B Lo Lol ictlai s gine GYESA Jas b D s

Jas ipye g olaniy 59 59 g Bajles b 5l 2eS (6l gine

,J..J.)l\) ul.:._b ‘) tS)bgs—;'“‘ dbl L—D)LA.::)-LL.\OL) D’C
B e g (a0l2) A (slojles 5t 5V Wl slaidly Ts e
B o )0 lemdl T3 oyliee 590 el (P<efe 2 V) i 8 )5
Oy P<eTe V) 09 Lo jlas b 51 208 (50 Sne ok
relasl iy 5 cead 59, b 3T ) pdinas )3 0gay90 ol
D, C slajles 5l puten gl g2e jal B 5 A slojles o
Dy Cezeny By A lajles g Jy ®B<e1-0 V) 0y,
gy 550 el agg o e NS alitFlas el


http://dx.doi.org/10.22092/ISFJ.2017.110282
https://dor.isc.ac/dor/20.1001.1.10261354.1389.19.1.5.3
http://isfj.ir/article-1-1678-en.html

[ Downloaded from isfj.ir on 2026-06-20 ]

[ DOR: 20.1001.1.10261354.1389.19.1.5.3 ]

[ DOI: 10.22092/1SFJ.2017.110282 ]

woD " urIThRW

o iy 9 Shas 5 (udgn (Sl g0 sh 51 s a0li y (A2 Ciiey s S

OlolSas y pasn,

-
|

1
»
i

—— A

-~ Bl

Al e 3 0 2930
S
< >
1 |

o
o
i

<!
»
o
>4
i

LA G

Yy

S A gad 5 gy

ovr £0

Olone slas . K0) Ll b jla 53 SobasT Jab 5o Ty Ugaygh Sl pii Ly, 1 Y 15 gas

(P<i/v0) &

sl u.ibjdafu,bﬁ b jles o 5l e O 5 g g 6L 10 ged 50 o gline by -

ae,s
& ol plis yols anllan (o 13 Gpae | Jol> ls
2 RE Bpae Gl corge (K )S ain Ty ¥ clales
Ll col o0 3ol 098 L aglin ;o dame molie (540
lajloss 31 phSonn U Gslis (S atin ¥ il b Jlas
o Gl (@l s wpd l Jel gl ol ol
3138 O pae 4 bgije zulis ap0 cad Lt bojla 5 plaSoun
238 e b ooyl j olis ol Jiad LS
) 4 oleS 65y GYIUP pale o lallae o )b
aii osalie 0 Gpan Gl olié o I8 il
s Li adlas o plié Jas 1,15 (Boujard er al., 2000)
letalurus ) 285, JLale a8 g9, » (Yo1V) o} Ken
anls 09 8 slable 1 sa8 Kl S ddle L Qunctatus
a5 amd e s Ko Sl ) s on (pelie oa0lid)
Glofas o G Sy I s I b
Heide et al., ;Wang et al., 2000) s lss sals § Kiw)$
k5 ) Sgn b o en 1251 > it & il 2006
SRl e has oLl cwlié Giae il ol
Russell & Wootton, ) wlei e 3 o8 b Ygana 138 G e

-k
A o Ol &5 ol lis ol adllae 5 Jeols pulis
039 aalls o,; )l ).'l.-’.'..:a ‘sg....-; &LL& La ,.SLB)W » o}g_’
Gl b Glojlas o ohy o8, weps deglie Ll el
Ohed Jsb g0 a8, Sy &5 3830 (LA (2108 Carag e
Vo o (Sn)S wan ¥ o ¥ gleng,d ,0 dame a0li
G&)...l »” &51‘“; ,:.';U )| J..al.> et.a el o0dgs ).L:..“..:‘U.a.b
LA e pliie Slalhas (S gl b Gaod 0l 0w,
Slalas 3 b 9 (Quinton & Black, 1990) s,ls cuiilas
ot ode (Weber & Bosworth, 2005) 5,1 Slyan
Jobling &) wsl byl lald L adis rgw Sad
=Uls sl gleals gladiss 51 (g b (Koskela, 1996
4 g Wl Gﬁlin‘: Caaag ya 0,90 o..\.i‘).'\.f 5’ O B D,
5 S Sl i) 395 0oLl de 0, (ool lee
a1y anlp ol ais Gl wilg e sald e b anylie
Xie et al., ;Maclean & Metcalf, 2001) o5 S JOC
2001; Zhu et al., 2001; Tian & Qin, 2003; Nikki es
Wy S Slobi¥ a5 05 o Sam g e al., 2004
oaalls dalllae cpl o gy ol Slagaly 51 (S Olyin

41


http://dx.doi.org/10.22092/ISFJ.2017.110282
https://dor.isc.ac/dor/20.1001.1.10261354.1389.19.1.5.3
http://isfj.ir/article-1-1678-en.html

woD " urIThRW

[ Downloaded from isfj.ir on 2026-06-20 ]

[ DOR: 20.1001.1.10261354.1389.19.1.5.3 ]

[ DOI: 10.22092/1SFJ.2017.110282 ]

VAS e/ ) eplat /by g Sl

Ol @b gale e

i S aib b lale 53 sazme 20136 (lyg0 j0 Lol e
pedgilie S3) p SldE Condy Plceal 03g (2l Sy,
At pleabe 5t pand iy ol loo e 50 ady s Sligessn
a0 JalS Sin S cglandlan 5 ool a8 15 addlhas 3,90
o0 Age o Ta g To ol a4 jmie 59, T S
Caegyxa 5l SYsb slae,gs (O'Mara et al., 1993) ol
P Sl odd e g azgx 0 Ty Sl 4 e olid
il g ge )0 (Jy il bl azgr 0 Ty &S50
Cang e ke Job (Darras ef al., 1995) cul ouiledly
Sleigerpp 205 & ymie & oS Ky G o ol
{Sweeting & Eales, 1992) ¢l 55, Y b 0 043 oo (539,05
nraS & Ta als crge g, V Sie & (Ko S LM 0
2lig b Ll cdl rals 50 Ts (90,98 9 0l 095 l5ee
ots ez ol T3 050 50 Lt 8 gole Sdl> & Ty daxxe
Vi3 ol o (Van Der Geyton et al, 1998)
Toguyeni) L5 4 (Leatherland & Farbridge, 1992)
8 T3 slcdale tals 4y mie 0138 Cuay e (et al., 1996
et aals e S same gaolié Lot ot Lewdy Ty
Sl e ole SV j (505 gy Lliee 2 (Si
De Pedro ef al.) wo,8 o] Jiuhi¥l crge dume 0l
oy Sl Sl sShe gale LB el (2003
38 Sldlas ol o0 (gasds,s Sligasge 59) p s
L ligeysn ool Slymeis S on 9l |y yile Gaions gl
oheo 50 Ta g T3 el zebaw oot bS5 0 138 G jaa
P wl 9> 4 pedplie ol Jale (6551 Caneg e
2 Sy Slige,en tels e (Hornick et al., 2000)
G Gy Cdb Coulas 2alS QB8 Cesgpe Gl
opiige Ty g Ty Sl & e Cules jd & aile TSH
T3 z gk same 20lié 5l e Ll (Gaylord et al., 2001)
205 04,8 el ool (Sn b Sy gn goerbs 9 & T s
dume AiE 5l e Lawdly Ty g Ty o2ub8 gy 0,8 )18
Slsdlad alye ol o)l (Sglie Dl 4 g0b) (Ko
oAyeis (Homnick ef al,, 2000) codl Jiolidl 4 5, (SJoibl
Sl oo b il 55 3o cal )3 Sy, Slidgerse
ohes 2Dy C B sbajles ;5 Slypis ol (Slplie
G oty s Sl gl ATy el G (Ko S
4 daza (@oRE a0 o Lt Cust ond ul aly pacdgilia
Wl bl ey, sleisessr it g e Cdbye e

¥0

Wang et al., 2000 ;Hayward et al., 1997,2000 ;1992
G5 o Ll (Gaylord et al., 2001;Xie et al., 2001
Sl (p ol slgslis ati santie altus (pl pol>
Sipn wsiilesl bt Sl e o wyige 0s%US
Jobling &) ail ale Sjglppd kuld L Al
138 o 21l ogage oot sanlie cde (Koskela, 1996
aad 5, 9929 Jodoy ool S u":"ll“‘)—‘ sloyles o
Mc Intyre et al.,) asl jbale ofj1 jo (Heirarchy) il
ol 0929 (1979 cited in Jobling & Wansvike, 1983
(55 Bras g (Sl glacdld ol gl )1,
1 50 sy, e W lale o 16 Gyas ialS
wabie Lol 5 16 U yame 2ol Guen 5 aolii oloj
Q‘ anci &S ol B lale sui)oil slaylis, Ldw
Jobling & Wandsvik,) <l olié bas oL Llals
;Gaylord & Gatlin III, 2001) gl o, sleaslss § S
op! Ogage sualive pae Jazxl slale (Zhu ef al., 2004
lpd 4 b (ool dados sla)l3, S d92rg Silyi oo aSLS
20,55 plo (Sisslyrsd laulpd g Salel SOy oalas]
(Jobling & Wandsvik, 1983)

ilearls Gl e 0ty anl s ad o lal o jslilen
gl § 039 Dy G pd JECU TR S Sl des 5!
;Gaylord & Gatlin I, 2001) wib o o3¢ has el
YL & 4> b (Zhu er al., 2004 ;Nikki et al., 2004
0 SpSaml Ylgipe 108 Bpas iy A cupd o0
S win o Y oanle b plele o gl al, il
03,5 1o dgei i, alin ¥ agl b lale 09,8 51 iy
o) @i T g ¥ o0g )8 e ol 5 Sl Ll !
Suhlas dg>9

o gt Salasl Jsbo o Ty y9ay90 Slpeis S, gulss
Ohse 5o Ll st ool ygaye0 opl 2alS 2 ge [Sauw S a5
oS b les o Shis S5 Ny, sdmme e0ldd
208 ¥) C gl )less (sl Galisl gy oof sl 039 (gl
L'J.!_‘J.;,)LJ .CA‘J‘O\),{&)‘J (U.L...;m\‘) D,(‘;_u;
Alibge o 2al38 Ts (ge )90 O peis

O9ay98 45 300 LS Lawadly T (190,98 S Sy, s
034 98l 09,8 I a8 (Kiw)F (90 Sl o Lewdly Ts


http://dx.doi.org/10.22092/ISFJ.2017.110282
https://dor.isc.ac/dor/20.1001.1.10261354.1389.19.1.5.3
http://isfj.ir/article-1-1678-en.html

[ Downloaded from isfj.ir on 2026-06-20 ]

[ DOR: 20.1001.1.10261354.1389.19.1.5.3 ]

[ DOI: 10.22092/1SFJ.2017.110282 ]

woD " urIThRW

o iy 9 Slae 5 (alyoS (s sd 53 daae (ANAE y (I3E Cuiay e

OKer y o,

Compensatory growth in fishes: A response to
growth depression. Fish and Fisheries, 4:147-
190.

Boujard T., Burel C., Medale F., Haylord G. and
Moisan A., 2000. Effect of past nutritional in
rainbow trout (Oncorhynchus mykiss). Aquatic
Living Resource, 13:129-137.

Darras V.M., Cokelaere M., Dewil E., Arnouts
S., Decuypere E. and Kiihn E.R., 1995,
Partial food restriction increases hepatic inner
ring deiodinating activity in the chicken and
the rat. General and Comparative Endocrin-
ology, 100:334-338.

De Pedro N., Delgado M.J., Gancedo B. and
Alonso-Bedate M., 2003. Changes in glucose,
glycogen, thyroid activity and hypothalamic
catecholamines in tench by starvation and
refeeding. Journal of Comparative Physiology
and Biochemistry, 173:475-481.

Dobson S.H. and Holmes R.M., 1984, Compensatory
growth in rainbow trout, Salmo gairdneri. Journal
of Fish Biology, 25:649-656.

Farhangi M. and Carter C.G., 2001. Growth,
physiological and immunological response of
rainbow trout (Oncorhynchus mykiss) to
different dietary inclusion levels of dehulled
lupin  (Lupinus angustifolius).
Research, 32(Suppl. 1),329-340.

Gaylord G.T. and Gatlin [II D.M., 2001. Dietary

protein and energy modifications to maximize

Aquaculture

compensatory  growth of channel catfish
(Ictalurus punctatus). Aquaculture, 194:337-348.

Gaylord T.G., Mackenzie D.S. and Gatlin D.M.,
2001. Growth performance, body composition
and plasma thyroid hormone status of channel
catfish (Ictalurus punctatus) in response to
short-term feed deprivation and refeeding. Fish

Physiology and Biochemistry, 24:73-79.

Ppdien o Sl slemdlad B pe 5t (050 655
oy 5 Sy Slidgayen 5 aed o (L Dlpds
Wilg gad (Sadg s Sligeyen Lol wites J3s Gl w)
bjlosd ot (Slez 92, b)) Glp BB arld S Glaim
2 Wseysn onl Sleesd Wy, oyn b Lpj wigd eolin]
DBpae g foyw o8 b glojlod Gl cod alie gl Lo
SGR y lié G e (slopasls ol 5,5 asde |, 220, gl
a4 S S wan F gV oslajles ol b Sacanils
AL ge dame molde
# ) Oldllae 390 0 Slgiiey dlol> mls 4 4z b
A2y 0 Je30 1y 090 S, plo 4 Geiow jlas e
A0 b))l Sz Shlpred B8 Al U agt ashy
L 0ed aslil e

1O 3 g SRS
ontten oy 2558 250 QUBT ) ils e p3Y 055
Sl edige 3 G Seme g (bl (2l dans
53 ) Wlie G385 g Baiw ol plol 3 1, L 5 eyl

&b
st § . SuSden 1y Bl 1 (ol TR S
oug Y 85, Ayl 408 U ey AR Lo
&2 (Oncorhynchus mykiss) S .55, Y1 J;3
AYAF ULL...JU 9 )Le,_» Y o)Lo..'.'n .n.lu S cL{.:‘,.E‘J f,ls
ADE B AYY Silxio
wode 9.3 . glody g ol (2> 1O (Sl (500
wle 8,1 sbw YIS oS’ 3Kile b AWAS oS .
oy O Sy Slise e g sl polie il
pole alxe (Oncorhynchus mykiss) leS .55, Y153
AF o)LA.:.v AYAfR oo )Q_‘ lu':)f M c.al..a 9 6))5L:5
AVALIYY Olxio
ALAYAP o plo) 9.8 (pbule s pop W Saks
JoKa Oloiny glailsog, 9 oljs we kel o)1 5l eolazl
obS (%) IR ol oY sl g a2, L
sSoile g 2dgh alxe (Oncorhynchus mykiss)
YT L NY Slis Ve 0)led ATAF i)
Ali M., Nicieza A. and Wootton R.J., 2003.

¥s


http://dx.doi.org/10.22092/ISFJ.2017.110282
https://dor.isc.ac/dor/20.1001.1.10261354.1389.19.1.5.3
http://isfj.ir/article-1-1678-en.html

[ Downloaded from isfj.ir on 2026-06-20 ]

[ DOR: 20.1001.1.10261354.1389.19.1.5.3 ]

[ DOI: 10.22092/1SFJ.2017.110282 ]

woD " urIThRW

VAR Ll /Y aolad [ ada) s Jlu

Sl St gl o

Hayward R.S., Wang N. and Noltie D.B., 2000.
Group holding imedes compensatory growth of
hybrid sunfish. Aquaculture, 163:299-305.

Heide A., Foss A., Stefansson O.S., Mayer 1.,
Norberg B., Roth B., Jenssen M.D., Nortvedt
R. and Imsland K.A., 2006. Compensatory
growth and fillet composition in juvenile
Atlantic halibut; Effect of short term starvation
periods and subsequent feeding. Aquaculture,
261:109-117.

Higgs D.A., Fagerlund U.H.M., Eales J.G. and
McBride J.R., 1982. Application of thyroid
and steroid hormones as anabolic agents in fish
culture. Comparative Biochemistry and Physi-
ology, 73B:143-176.

Hornick J.L., Eenaeme C.V., Gerard O. and
Dufrance 1., 2000. Mechanism of reduced and
compensatory growth. Domestic  Animal
Endocrinology, 19:121-132.

Jobling M. and Koskela J., 1996. Interindividual
variation in feeding and growth in rainbow
frout during restricted feeding and in a
subsequent period of compensatory growth.
Journal of Fish Biology, 49:658-667.

Jobling M. and Wandsvik A., 1983. Effect of
social interaction on growth rate and
conversion efficiency of Arctic charr,
Salvelinus alpinus L. Journal of Fish Biology,
22:577-584.

Jobling M., 1994. Fish Bioenergetics. Chapman
and Hall, London, UK.

Jones J.I. and Clemmons D.R., 1995. Insulin-like
growth factors and their binding proteins:
Biological actions. Endocrinological Reviews,

16:3-34.

Leatherland J.F. and Farbridge K.J., 1992.
Chronic fasting reduces the response of the

thyroid to growth hormone and TSH, and alters

v

the growth hormone related changes in hepatic

50-monodeiodinase activity in rainbow trout

(Oncorhynchus ~ mykiss).  General  and
Comparative Endocrinology, 87:342-353.

Li M.H., Peterson B.C., Janes C.L., Edwin H.
and Robinson E.H., 2006. Comparison of
diets containing various fish meal levels on
growth performance, body composition, and
insulin-like growth factor-1 of juvenile channel
catﬁsﬁ Ictalurus punctatus of different strains.
Aquaculture, 253:628-635.

Mackenzie D.S., Moon H.Y., Gatlin D.M. and
Perez L.R., 1993. Dietary effects on thyroid
hormones in the red drum, Sciaenops ocellatus.
Fish Physiology & Biochemistry, 11:329-335.

MacKenzie D.S., VanPutte C.M. and Leiner
K.A., 1998. Nutrient regulation of endocrine
function in fish. Aquaculture, 161:3-25.

Mclean A. and Metcalfe N.B., 2001. Social status,
access to food and compensatory growth in
juvenile Atlantic salmon. Journal of Fish
Biology, 58:1331-1346.

Metcalfe N.B. and Monaghan P., 2001.
Compensation for a bad start: Grow now, pay
later? Trends in Ecology and Evolution, 16(5):
54-260.

Nafisi Bahabadi M. and Soltani M., 2008. Effect
dietary energy levels and feeding rates on
growth and body composition of fingerling
rainbow trout (Oncorhynchus mykiss). Iranian
Journal of Fisheries Sciences, 7(suppl. 2):184-
204.

Navarro 1. and Gutierrez J., 1995. Fasting and
starvation. In: Biochemistry and molecular
biology of fishes. (Eds. P.W. Hochachka and
T.P. Mommsen) Elsevier Science, Amsterdam,
Netherland. 4:393-434.


http://dx.doi.org/10.22092/ISFJ.2017.110282
https://dor.isc.ac/dor/20.1001.1.10261354.1389.19.1.5.3
http://isfj.ir/article-1-1678-en.html

[ Downloaded from isfj.ir on 2026-06-20 ]

[ DOR: 20.1001.1.10261354.1389.19.1.5.3 ]

[ DOI: 10.22092/1SFJ.2017.110282 ]

o iy 9sSlae 5 udgsl Sl ses s o sune AUIAE y l3E Sy see i

O\Sar § con,

woD " urIThRW

Nikki J., Pirhonen J., Jobling M. and

Karjalainen J., 2004. Compensatory growth
in juvenile rainbow trout, Oncorhynchus
mykiss,  held

235:285-296.

individually.  Aquaculture,
O’Mara B.A,, Dittrich W., Lauterio T.J. and
1993.

Germain D.L., Pretranslational
regulation of type I 50-deiodinase by thyroid
hormones and in fasted and diabetic rats.
Endocrinology, 133:1715-1723.

Quinton J.C. and Blake R.W., 1990, The effect
of feed cycling and ration level on the
compensatory growth in rainbow trout,
Oncorhynchus mykiss. Journal of Fish Biology,
37:33-41.

Russel N.R. and Wooten R.J., 1992, Appetite and
growth compensation in the European minnow,
Phoxinus phoxinus (Cyprinidae), following
short periods of food restriction. Environ-
mental Biology in Fishes, 34:277-285.

Sweeting R.M. and Eales J.G., 1992. The effects
of fasting and refeeding on hepatic thyroxine
50-monodeiodinase activity in the rainbow
trout, Oncorhynchus mykiss. Canadian Journal
of Zoology, 70:1516-1525.

Toguyeni A., Baroiller J.F., Fostier A., Lebail
P.Y., Kiihn E.R., Mol K.A. and Fauconneau
B., 1996. Consequences of food restriction on
short-term growth and on plasma circulating
hormones in Oreochromis niloticus in relation
to sex. General and Comparative Endocrin-
ology, 103:167-175.

Tian X. and Qin J.G., 2004. Effects of previous

ration restriction on compensatory growth in

arramundi  Lates

235:273-283.

calcarifer. Aquaculture,

Van Der Geyten S., Mol K.A., Pluymers W.,
Kuhn E.R. and Daras M., 1998. Change in
plasma T, during fasting/refeeding in tilapia
(Oreochramis niloticus) are mainly regulated
through changes in hepatic type Il idothronine
deiodinase. Fish Physiology and Biochemistry,
19:136-148.

Wang Y., Cui Y., Yang Y. and Cai F., 2000.
Compensatory growth in hybrid tilapia,
Oreochromis mossambicus x O. niloticus,
reared in sea water. Aquaculture, 189:101-108.

Weber T.E. and Bosworth G.B., 2005. Effects of
28 day exposure to cold temperature or feed
restriction on growth, body composition, and
expression of genes related to muscle growth
and  metabolism in  channel catfish.
Aquaculture, 246:483-492.

Xie S., Zhu X., Cui Y., Wootton R.J., Lei W.
and Yang Y., 2001. Compensatory growth in
gibel carp following feed deprivation:

Temporal nutrient

pattern in  growth,
deposition, feed intake and body composition.
Journal of Fish Biology, 58:999-1009.

Yambayamba E.S.K., Price M.A, and Foxcroft
G.R,, 1996. Hormonal status, metabolic
changes, and resting metabolic‘ rate in beef
heifers undergoing compensatory growth.
Journal of Animal Science, 74:57-69.

Zhu X., Xie S., Lei W., Cui Y., Yang Y. and
Wootton R.J., 2001. Compensatory growth in
the Chinese long snout catfish, Leiocassis

longinostris, following feed deprivation:

YA


http://dx.doi.org/10.22092/ISFJ.2017.110282
https://dor.isc.ac/dor/20.1001.1.10261354.1389.19.1.5.3
http://isfj.ir/article-1-1678-en.html

[ Downloaded from isfj.ir on 2026-06-20 ]

[ DOR: 20.1001.1.10261354.1389.19.1.5.3 ]

[ DOI: 10.22092/1SFJ.2017.110282 ]

woD " urIThRW

VAN Sl /Y sjlad / absl g Sl

ool oM gale alae

Temporal pattern in  growth, nutrient
deposition, feed intake and body composition.
Aquacuiture, 248:307-314.

Zhu X., Xie S., Zou Z., Lei W,, Cui Y., Yang Y.
and Wootton R.J., 2004. Compensatory

¥

growth and food consumption in gibel carp,
Carassius auratus gibelio, and Chinese long
snout  catfish, Leiocassis  longinostris,
experiencing cycles of feed deprivation and re-

feeding. Aquaculture, 241:235-247.


http://dx.doi.org/10.22092/ISFJ.2017.110282
https://dor.isc.ac/dor/20.1001.1.10261354.1389.19.1.5.3
http://isfj.ir/article-1-1678-en.html

[ Downloaded from isfj.ir on 2026-06-20 ]

[ DOR: 20.1001.1.10261354.1389.19.1.5.3 ]

[ DOI: 10.22092/1SFJ.2017.110282 ]

woD " urIThRW

Iranian Scientific Fisheries Journal Vol. 19, No. 1, Spring 2010

Effect of fasting and re-feeding on thyroidal hormone
concentrations and growth performance of Rainbow trout
(Oncorhynchus mykiss)

Rahimi R."*; Farhangi M.%); Mojazi Amiri B.®’ ; Rezaie F. ¥,
Sadough Nirri A.® and Karimi M.R. ©

R_rahimi6083@yahoo.com
1, 5- Faculty of Marine Sciences, Chabahar Maritime and Marine Sciences University, Chabahar,
Iran
2, 3- Faculty of Natural Resources, Tehran University, P.O.Box: 31585-4314, Karaj, Iran
4 - Environmental Science Research Institute, Shahid Beheshti University, Tehran, Iran
6- Faculty of Natural Resources, Isfahan University of Technology, P.O.Box: 84156-83111
Isfahan, Iran

Received: January 2010 Accepted: May 2010

Keywords: Rainbow Trout, Compensatory growth, Ts, T;, Special Growth Rate, Food Coefficient Ratio

Abstract

The aim of this study was to-show the effect of four feeding regimes on thyroid hormones
concentrations, growth performance and food coefficient in Rainbow Trout applied through 4
treatments and 3 replications in winter 2006. In this research, samples of rainbow trout with an initial
mean weight (SD) 47.19+0.42 used in each rearing unite. Fish were fed twice a day ad libitum as
follows: Treatment A (TA): which was the control treatment; Continues feeding, Treatment B (TB): 4
weeks of starvation and 5 weeks of re-feeding, Treatment C (TC): 3 weeks of starvation and 5 weeks
of re-feeding, and Treatment D (TD): 2 weeks of starvation and 5 weeks of re-feeding. Indexes like
food coefficient ratio (FCR), specific growth rate (SGR), daily food intake and thyroid hormones (T,
Ts) were also examined during the experiment. Blood samples were taken for thyroid hormones
concentration at the beginning of the experiment and at the end of the starvation and every 12 days in
re-feeding periods. TB and TC had significant difference (P<0.01) in comparison with other
treatments in SGR but no significant difference were observed between TB and TC (P>0.05). There
were no significant differences between the treatments in FCR (P>0.05). T concentration came down
in comparison with the control treatment at the end of the starvation (day 29) (P<0.001) but increased
in the re-feeding periods. T, concentrations of fasting groups were lower than the control group at the
end of fasting periods (P<0.05), but T, trend in re-feeding periods increased. According to the results,
different treatments of feeding regimes could affect the thyroid hormones concentrations. Fasting
periods reduced and re-feeding periods increased thyroid hormones concentrations. TB and TC
showed more indexes of CG in comparison with TA and TD. We concluded that thyroid hormones
alone are enough to assess CG and we suggest to use other growth relating physiological elements in
different feeding diets and regimes in future studies to complete the evaluation.
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