[ Downloaded from jair.gonbad.ac.ir on 2026-02-19 ]

[ DOI: 10.22034/jair.13.1.51 |

S0 (b plo o mg} 4yl
Journal homepage: http:/jair.gonbad.ac.ir
ISSN: 2423-6349
YA—Y. Slxio o) o bos (\Y 0540

-

S23Ld g Cladx ipgle w3

uﬂs,lf s olsiste

» oSG b (Oncorhynchus mykiss) oS Sy YT U358 Bl 4o o Jlazuw! Suilogiy (g (&5lw diuts

Losdgd mbo 9 (21H5 dgme
‘ SOgoo dud )

olale ol ol § Sy Dliniod 35 50 =985 (SMND pole DA s —(65,9L8S oy 5 gel DA Glojle (Ltaghy jbolinl

Tl 2o

oS

S 9y 955 50 gmime (oS (055, YT 3B ale S5 )0 Sl o 5l o35 Jlasin
U"‘ o] o‘)o.b UJJJ}A LY ‘ﬁ_iaj.d w—‘ ) u‘m c.:Lc pH ),u.u ale ‘5)‘).]4> L: LSM'J“) )LM:LA
8 gy )-‘-'l‘ 900,5 (gmyp S5 (3Kl plgie 4 1) Slogiy by (3le dinge anlllas
39 il b Al ¥ osle oo askaB Ao 5l .l 089 gyl 1y Jous Slasie o Lad e ol >
PH Jlasiul Goe o Sailejls 5 .o solatwl iulej] slo 05,5 0 6,5 YYAY.L £ -4 - Y0
VO o0 b Sologty gy - dad (6,05 ol Zuyds 9 (595 i gl oy (laess mle
055 059 Sl s wls las 1) >0.05 Ad-A-7) sws by, alie Silesl caidsf xd
@5 YEO. EVAY blis jo 0,8 FAVNE YIY ) il Liol3l o)l e yob 4  Jlascul
obos gy oxl (P>0.05) coslys Lo slo asls 5 Sslane 36 5 g (p<0.01
055 ples 5 (0>0.05 il $5.- £ 5.0 Blie j0 4l YAA £ 0.Y) ols zals YYZ I, Jlasc!
S ailinl (SaSS lgre a1y Slegis (g, Lialesl (slo 4Bl 050 7,15 (oS abgme 5l 1 Lo
pae s 4l ol old) iS5 35150 (555 00 (IRl (red &5 AiSe (Byxe 5Tl ) e
S (0 Sgute S0 (Dot 9 Ble O g (S 5K

Seilfe Jlaminl (egian iS5 Letals CoinS (LS 5, Y JB i guadS’ sbojly

:llio go
Jeol 23

o azs ,U
VECE YT el
AR FRA FARE E-JeRY

145150 g ok
Olosle sty JLoliul (sogeme ad,
53t @gp 9 Ghigel lides
9SS SNed pole DliEaS dnnse
S5 el 5 Sey Sl S e

Tl 2 olals

) Yy

roghaye.mahmodi@gmail.com

03) iz o35 (el pas b g S5eeS Jdoay g5

tdoudo | )

adgi o sl a5 cudled wlaiiles ccwnlie
aalol (el oyl 5 Sa50) Vb apiS by s slocaals
* 50972 S92 G2 )0 S Jud 0 5 Dl 45 2
o5 Ll 51 (Migaud et al., 2013 ; Bobe , 2015) wsl
LGS 5o RolS a3 50 clenl pasiie (ndlse )9y
Sphcdd; n g JB jeba wly o el coas
(Bromage ef al., s,i% 36 285 S1e sl s
oSk slocwll oy o pae 5 S (ol ple €1992)
g 3962 50 olazil g (8 e Jlaw 5l (S

09.5.{;'4 UJ)"LJW . (Mlgaud et al., 2013) 05'"‘\50

s 5SS olpear oS eSS, GYIUE ele
3 g Ngh oo axSlid o ,0 @l Lbygn slaaisS
ot ol iy ol ol B s 5L 5
odd @y gyl Ghygp 9 iS5 &5 Cenl 8 0 5l L
YU ol (BasSady 5l (o glpl ojg5el
oI R! Ol aoldls wlul g wlse Sledids LS 55,
G et 2l lale iy95m )05 olaws (V- V-1YAY
3 G gl a5 00gs oty VYV 5 s VE-Y Lo LG

Iran ) ceol 00,5 Jlrsl slou| puiins jobo a4 ;a3 VYoo e
o)l ke (Jl op! b (Fisheries Organization, 2023


javascript:;
javascript:;
http://dx.doi.org/10.22034/jair.13.1.51
https://jair.gonbad.ac.ir/article-1-922-en.html

[ Downloaded from jair.gonbad.ac.ir on 2026-02-19 ]

[ DOI: 10.22034/jair.13.1.51 |

el eSSy YT U358 (plo 50 o Jlazinl Siloghy (bgy 5l A

‘)""))f Sn

i gy 99050 | ¥

9o aned

5y Y 58 oole wlge axkad Ae slaws VF-Y) 0L o
S S YYAYD £ o XD S3s eSlee bl ¥ LS
9 S8y Oliadod 35 e 0 aiils L8 (65 5055 Al e yo
i Gl zamily 5y ylenle ol Lol

ohelejl (>15b

&5 Al gl alope 50 sl s, ok al e g0 50 ale)]
o o¥lse (Saloil Glie 2 5B LAS 5 1se (L
055 Loz 4 Wse (ole askad ¥e o jshaie (ol (6l oS
g By bog,S Sy Soleginy 09,5 an) o)
Iy Lansgs LT 51 o Jlaamei] 5 i s (a0l g
D) B by Sglite Bl YL 655 ae Glie
09,5 Olye 4 pylazr 09,5 b plonil (adds 2 V/O- )
075 (Blo oS (Fwwo Slule) (i (g, b S
3550 09,5 55 8 53 Ghalesl (nl 5 e 5 S pe (e
@y opl jo 083 salys 18 Judo g 4525 5 ()0
2 el 5l g celo YV (b palse jegS e Gl
A denlie lly Jelos b g ool Glales]

O eS) e 0Ly 5 e 3l o pgd Al e 5o
Flie 55 (5eeSD E g5 S sl al>pe 5l (e e
Ol oo d)5 18 o)l s yse 03 Jlasiul (035
09,5 99 41 S50 oolel oz Wae plo axkad Y+ o iy
B Al o e g a0l LS g s (26O
b Ses 055 9 O5eS boog)S ) Sslegy s
dalie joliie 4 g plojen slad LASSS (O39S
09,5 Olsicas ool W alo axkad Vo slows (35 Jlasin
A otalel cal Jsbo o0 .28,8 & g0 st o9, b J 55
1 Blo (o Sy5ben (S5 055 oy slayeSL 5K g
s ol ey b o35 W ws 0 5 Slaess mle pH

VAR 3
o Jlasiwl (g,

Al

51585 5 T Solo VT 285 g 50 50 035 Sl
Wgo gy (al )3 sl yglnl by ale (oS 4l
L g oo alily a5 YU o 4 cawlie (6,5 40gl5 L oole
09 B @y Cows 4y 05D Caond Sl Do jLi3
i xS ol o 25 Jlacl o Jlo ol b g o
aS g Jb asle A3l slaplail 4y Wlgs oo o5 l5e
0l Aoy rized (Hoitsy et al., 2012) ailw p ol
(sy il 0 o858 5l e 3 5 g 5l S a8 el
S Cel Wilgs o s Jlad 15 098 adad sl s,
13,5 03,5 dunS lyione (S Sy g LS o)lpes (b
lpss 7l oS g adly alS laess mlopH ass (o
Soilegiy e, - (Dietrich et al., 2007)sed g0 ol
ohle oS5 i I8 4 IS 525 Ll 055 JLai
P9y Gl el 5 Lad cod e (2 o5 e, 5 Wse
Gl S5 ) (s gy s el (3ol lsieay
Kowalski etal., 2020; ) oud z,le 2l slaaiss
Ny Jle o b ess 9 ( Cejkoetal., 2016
sl Jle ;o .9 (Zurbuch, 1957) wo, 5 islesl LIyl
OleS 5535 GYIU58 wiile plodisS (59, Dlanio ) 5]
(Kowalski et al., 2018) (Salmo trutta sloges Y138 4
(Coregonus lavaretus) oo ol amorpha fario)

sl = Ks sle ale > 5 (Cejko et al., 2016)
(Kowalski et al., 2020) (northern pike)saLmSo)l sle
Sy Jolis (39, ol bl sl 00 gy 0 08
(Blo (o 03l (So5ed (25 el il il sl o )8
lpss fu 8 ¢ W as o ilidl o Slawss sl pH Laa>
(Tacchi et al., cusl ouls (5,155 palge ol, slas)l 4

.2015; Guardiola et al., 2015)

Slegts b9, Silwdinge 9 sy ol adllae Bua
2SS glie p0 (LS 5SS, VI3 o3 Jlamil
5L G by RSB bd) cnl jo cl 0oy el
O3y Slasiion 9 (5955 5 O3S 5 95 ¢ (29,5
suld e e Jlewl bl B s )5 18 bl 9se
Olis 32 Jolos Cnl 58U cnl 2 ogdle 098 (rnd (655 055
Sl RpH (5 5055 oloy S (ndlge (Silejls
(& 5 (SOt gl do)d) 055 CodsS slaasls 5


http://dx.doi.org/10.22034/jair.13.1.51
https://jair.gonbad.ac.ir/article-1-922-en.html

[ Downloaded from jair.gonbad.ac.ir on 2026-02-19 ]

[ DOI: 10.22034/jair.13.1.51 |

YFoF Hle ) olols AV 0,90 (60 0,5 ol coloay yid

oSl duslio gl ab alwl  (ANOVA) 4b,boS,
solitul S¢ 9050 5 ANOVA (yg03l 51 o laog,S
. (Warton and Hui, Y+ \+)wo 5

@ | ¥

Sl plas 5B Gl S eed nalge (Swileil (e @l
Ao ;o e V.0 bz baS (29,5 o sl 2 Yl aS
Olyee) 20,5 oanlice wid iSess Siilegiy by, 4
Voot 5L sleog)S 5l S g Jblae yegS e
Y ;09 o duslie wozg cpl L. (p<0.001:aass/ o]
Solel gy a5 ols las w35 Jlasiwl e aselo
5 (B8 V.0 Gl L) Silessy () om0 sme
doys G Soleay L (p>0.05)0 )l vy Sk b,
S gy 50 Jlazital jl e Sl Y (aadge 109 S 1o
) VES LR YA dgdx Silegis yog, 40 g R¥A Sgd>
039 Sl &S 09 (> 3 cnl ol plas (s)lo e
YEAETOU) s s, & 039 Jlamin] Cgz lse
LosB( o SY0A £ PPN ) Silogiy gy 4 5 (o5
o0l Cand g Jolod ol a8 )5l s LSy
e S5 1) pedhe s A LB L ol e a5 Sl (LA
S50 oy jgm o aiiils 1, o Slae o g (0 sl
03 le Cevgy 4 0955 o> 50 (Raghes oA> SlaE)
Wil oo ol oolo 4y o g 00l

b Sl 095 99 )0 o35 Jlasinl (loy (nSilee
4 (050.05) el o loline Soli (y5s 5 3 (i)
VA Sgu (y5aST 30,5 L o35 9,5 Oloy (Solee 450 ok
Al VYA £ VY o500 590 Bo,r¥ Lgadl FYa
(blie ool cud 4 SO 3l eS 09,8 90 ya 045 0y
P2 sg00 Shw gy 0 Jlaul gloj (Sl
b Jlaiad 51 Vb (slalioSle 6 j5boay 5 55, 4l
Sole 4 (@) ) (p<0.05) o slaeds 59505 3,5
Wso 31 (6 o et oo b Lo Soslogiy s 500
woilsd (Gws b (e ey &S Jb 3 w0 S e )5
go (oSl b ay JLaS (e o 553l nl 55 05 5 &)l
o S et el 4 Slagy Gy, 55 ien 09
4 05 ol 5 L8 nlis i LSS 5 03
ozl slapss JS ()35 092 058 Jlazl anylb ol

\Al

ouil) g 4 eSS by 5 9 JLaS it 55 e
AL ple ol st 3l g 55 (S B9y 5o i
2 ke g Cend Slule g az )0 ¥O aygly o ol ol
Lo iales] plad j5 il (g)slaen baesd (oaSs 4l
PIT-tag) SeigpSIN S5 32,55 b Wge loale 5l 09,5 50
5 e el YE ale o (sliy o5 b wind o liS il
5 6 S o3Il (6 S 03

izl 5 JES! gl i o pimlio Glil
g TA oI5 TE YD) Dglie gLyl b Loy jgm e
aS SY S5 Gl wod gej] g dngd (e duo V/Y
b sl wals 1) i Grebae Jlasl ol
JLad LJoas y59m e o las 5l B o oolatwl e yiole ]
B3 6 S o> 58

o

Giies Sl slere Gy el Gyl £ a8 bl
St dod (g 4 (Eghas gl Slles anl o35 CdS
Pl gl jelie a5 035 Jlasdtal l w285 plx]
baiges o 6358 5l Gilais jshaiedy 5 lge b
SaesS (53, SRS Ojgod ol bylie ol bylse
S5 6ly T 6yl s 5 00 45k ) 05le Wge ,0
o ST L oz el 5l ey a3 00938 ol Sl
Lol claaiug 5 BLol p el b odds dinds yeaslisSl
o )5 sl a0 Vo Y sleo ;0 opdt L g 7,
SOtz Pl B sl 65l 55, VA 350 S 4
RO Sy ey

TS doyd g (Sjeda sy gl wsys slayully
P dloe 5 slage B 5l eolatal b baess

x (pds IS slaws + 55,L slapss slawd) = W sy
(Bromage and Cumarantaunga, 1998)  \- -

J5 olawy + oot slopsy olaw) = Sojpds doj0
O2Y () Ken g Aas) V- o x (oo

S olawy v ool oy slag )Y olawd) = A a asy
(\AMGillet, 5 Billard) )+ + x (lapss

bl 5T

pho b gl Sl ol gl b 5 4
T WS TSN Y P N


http://dx.doi.org/10.22034/jair.13.1.51
https://jair.gonbad.ac.ir/article-1-922-en.html

[ Downloaded from jair.gonbad.ac.ir on 2026-02-19 ]

[ DOI: 10.22034/jair.13.1.51 |

el eSSy YT U358 (plo 50 o Jlazinl Siloghy (bgy 5l A

Oi9ras b V.OE 4 ST 5,5 by flaess
sac pl (wd by, ,0 a8 Iyt oyl Ve fEL A
(@50 CotS sl jarld 0,90 j0. 09 VATECNY S50
5955 9 OSB3 b Jlasiul slaess #ld as o
Golel glis a5 w5 15 AV gAY sgas S i
(5m0=0 ) JS&) ais oaud 09,5 90 ol G yld s
03950 9 OieeST Sloog S )3 (Sdjpiar wo s (p>0.05)
usLQ.b C.v).a.v Qo 0 as LSIL) BEREI )“bgs"’u’ uaL{b 9 ).u
W sbas,s (IS Ohgeds . (p>0.05)0ls lis Sy
Sl Slegy (g 99 0 5l Jol> s 5 (Sojeir
035 99 B 53 G Seys g Sws g 5l YL
A7 sg0o Jlade 4y S 4 349 VF/—AY 30> Sslogy
Gl s 5l (6 i Qo Cunl jolB Silegiy oy, a5
Saze LS a4 5l GelS 4y Wilgs se a5 WS has oY

o5 e a5 S0 IS Gl 5 5 5055 w5

Solosire Hobas G g55 4 axgh (y900) SSlegty by,
039 oSk sk L (p<0.05)05 (s by 5l ien
5 FAUA Sgu> 5emST 3,55 L 0dd (5 p9len (slapss
Solay aS w0 dcwlxe 0,8 FARY sgu> 59,50 b g
cuslie ;0. (p>0.05)0ss ssalin 55 £330 O (S ylolixe
S99 L (s s,y b (Jlasial slapss ()59 lawgie
Slo by, Hlee I siee M oarms )Lt 4 3g 6,5 TFO
S5l ol () JS8) el (p<0.05) s 5 Selosiy
olele YL (155 4 gu> b Sbegy () 00 059 (9
S lepss S JelS adss ay (g390 b g oy, Sl jo alge
& lade y&"-’*" S gy 5o ] ally (oS o ax
5 g owile (Blwlse Gy po (p,5 00 dgam fBlas) (o35
DS oo obml axs sloje, 50 (S eSS e LSS
Jade a8 sls las lawss mlepH 5 5 g5 b o)
Dol (G 5 OJsr O5eSD by, 4w ,opH
sbpH (:Ske (z V JS5) (9>0.05) cuslss g lo sine

HAND —
" B HAND —
o PNEUMATIC-N —
ph (edd aila A 1 N ..
e = PNEUMATIC-N  (Ah) ol (pR) s 09
PNEUMATIC-02 -
PNEUMATIC-02 '—' PNEUMATIC-02 |—| I
| | 0O 200 400 600
6 7 8 9 0 20 40 60
¢ - 2l
HAND — HAND — HAND =
CUAEEES (S3) adia da
PNEUMATIC-N — A TICN = PNEUMATIC-N — )
PNEUMATIC-02 - R IIC-02 = PNEUMATIC-02 —
70 80 90 70 80 9 100 80 90 100 110
9 ° S

&b PH (g) (Jlaminl gbopss J5 0)9 (@) 3 055 £9,5 olos (W) 2 (oo 9 Silogiy (hgy 1 i Jlasmiw] p3l ) o
Bgyo 9410 (Sxo Wglay pue ¢ LSS Bgyo b oud (aiio yolie. Fu y&5 00 30(9) g (S peiesy 9oy (0)e W w0 53(8) ¢ ooy
30ls LG 1y (5418 (Fro glas wigliso

\Al


http://dx.doi.org/10.22034/jair.13.1.51
https://jair.gonbad.ac.ir/article-1-922-en.html

[ Downloaded from jair.gonbad.ac.ir on 2026-02-19 ]

[ DOI: 10.22034/jair.13.1.51 |

YFoF Hle ) olols AV 0,90 (60 0,5 ol coloay yid

5 o9l adgs )0 a5 S gl Sl ) oy Sl (6 i pon>
D9y ogMEdy D98 g0 Cgute (sads Lo je (5,18l 5o
@ il Helpl Joe S 5w @b Doy S
Sl Wlg oo ol Heilnlalin Gl Sy 4S5k
(Jlao o led Jlasinl 4y 2568 5,8 a4y Cas 1) (g 5o
S sl 5 el B 5 olssS 551 b Siilasiy i,
2 s mRolel alie 0ail b alisee ol 8l Lags
balge s y055 Oloj Job 5o Conlad pus (Fiw
P& Jo oS o Fonzm 1) e Hlle So e
B ol Ol b el b Slesy )
olid 58 )00 Sldlas wged cmyties |y 038 Jlaseinl
aile (glaisS jo 00,8 (glea I colaiwl aST wilesls
o L ast VY z9,5 Sk oloyCoregonus lavaretus

Wlos,S o)1i8 cwd Bgy 0 asl YO L awlie
3 0% ze Sby oeNle (Kowalski er al., 2020)
Y153 5 ObeSn3y Y138 olale jo 5 (S s,
4 s S w38 BT A ) g o
2z 2 el 03y olisS Silogy bs; 4 b ye LI5S
390 AL IS T e e by, Sl e
Slazwl slapss o9 (ial33l (Kowalski et al., 2018)
hgy 5o a8 3l plas (s 4 Cond SSlegiy g 50
oS oy 1 S bl 5 b Sl Silegiy
IR B - SRCH IEX UE 0- S IRV PRV e
Lt o Sislagiy 0,5 3 eolisid 0,50 laale 5V 535
Yoore fuwd gy 10 a5 Cewl pl udS aisS Ll sl
O% 0 (R b )5 B0 0902) laess 5l sergi BB i
el Voo oaile 8L slopss ol wile oo (SBL Wge o2lo
53 oazme flule g (Sh9em 4552 4 (ale Sazme 3959 4 5L
Sazme (il aloul s odle 045 45 Wigd o 00s] slog,

cals salys n e ly (Blal ange 5 oley aleys
¢ Kowalski gl b Lo s (Hashemian et al., 2020)
5 oSS, VI sleass o (2020) o, Ken
Slazinl 155 x> 50 Ll 5wl chllae sloged
gk orl 3 Wles S B)1S Solegy gy yo 1) i
oyl Slaess mle pH 5 (6,50 55 g4 a5 ol aseioe

Y¥

e | F
3G e (Solegy g,y 4 ol lid Gudsw cpl ol
Jlasiwl colild (58508 b 5emST) ool oolawl 515 g4
Algiee g Caslyls | (LSS, VI3 50 035 Hi%e
Er oon S lml Fiw () 4 S pladge
e (42,80 50 I VD g Ve 0 D) lgn calizee slayl >
B 5Llad b ag3sl pd V0 Jolae by (e U o
PSS )55 wge eSSl 2 005 (et L+ A Sgu
5 S o Jleiml &5 ad oo bt 9,5 ploj Gl g 2l
Oz T ieian 5o el jo old po 8l (udse yee
O yg0 gy g JolST S 4 Loz adss (aidol ot V.0)
s Wse 4 stz JB il Slono 4SSl g b8
3 (VA o) en 5 Kowalski gl b aisly pl 04
LQQT 5 a5 ol Slatren (sloged 5 yleS S5, LSYTJ)S
Cowl 03g) jualiuBidge aiBs/ i) <0 b b Jlas!
Slalllas ;5 loaiss (e (b &5 e ylade (S5 Slis.
Coregonus lavaretus s Esox lucius aloz 3l) ool ,S3
9 o)‘%») Crolses sLQw.Ju o)‘..\.:‘ u5l.<u Q Cenl k)i.o.a (
b b beale a0 055 GRS )E Suades
oLl (Ol ow, 2 o (Bonislawska et al., 2001)
B a4 g Giebae JLail crge SY gl S
aly fan jlad 3130 g oo o b s a5 al
A ogrse slagiper ke 5l b, JHas
f&5§ 6[.%0)5.“:).“: o ool ua..;:.w.: wl.ua )_,..o‘}.\.c
9 om ‘SQLQ wy L ‘).AA‘}M <2 L YO )EL)
Sy HLad (ol 1Y) 555 Hhad 5 wiad Sl
GLDQ)}.A)M )l oolawl sw)a u)‘ aQ '))SL‘;A »)l?u‘
Oinlesl aalol jo e Lo c A 8 L s 5y o laslis!
obes ey S Cods Sl cwlin L')|9.:.c<\.3
gl Lislesl o 50 55 g5 90 12 aS ols ylias Jlaseis!
ol ol o Solas p aSU 4 (g3l 5wl plie
Sl gy 50 055 29,5 by OeSlee (SldlaS g2
5 saS aslh VLo, a5 od acule 4l YAV sgu>
Solds ) el 009y (a8l ¥ ogam) i (g, Ol
S ooy 5o Wl oo Silogry (b9, 45 cenl T Sl


http://dx.doi.org/10.22034/jair.13.1.51
https://jair.gonbad.ac.ir/article-1-922-en.html

[ Downloaded from jair.gonbad.ac.ir on 2026-02-19 ]

[ DOI: 10.22034/jair.13.1.51 |

el eSSy YT U358 (plo 50 o Jlazinl Siloghy (bgy 5l A

Ol g el 2SS Jad sl o (6,135 by S
b9y 50 Jlaziul slo @55 slasi ol 4y azgi b s
@le o 5o b 055 5l gl ailenBl (6 Ay
Ll 5l sae)s b d g Sl b 5 s Gy g Wge
solys ol Silogty by 4 o Saws HLid 51 246
dazgi b Gladl (ggym Syatwd die L iy, 5o A
Selegiiy (89, 4 S JI5 50 RS (5950 yiuden Slas
b 5l Jols oSz Koo a1 al (oo (2l
s ao)d i iy oieST E b et Sislegny
ol 4 Lopditns o S g nal il jaS ol 9 5V
e 03 08 £ 53 0gne 9 9)¥ il 1alS (3390 i £ 5
Gl 2l addsi SRl Gls 4 l 095 o0 ymie 4l
o el 0y oy Job 5o SYL 90 5 luls
P95 0% eieed )13 (o5 BB Saeaddy ol gLl
Sllogs s Wlgi g0 5,1 &l 4 0l (Sl ¢ s
Lol 0gs gludl glas a0 b Sesd ol § CorS
Sk Gldl glapiie 1alS b Sslegy by, o
S99 b Eaozme 10 .05yl olyen 4y | s als 5§ coiS
Wit 55V adsl anze shls Solessy slaby, oSl
st 3 «lals EalS o SKost CapisS Lial53l oy Lol
Slr i golaidl 4o Susaily j3 g IS Gl
O 5 Sk e g cnl Gl ale 2SS g lie

D0l (g0 59109 5 pdvarzes (golaidl L I e

S5 ez | O
YU ol ;25 50 030 Jlasiwl Sslogy (b,
Pl O)lee & (Kaly 9 9 S (SBg) (LS 5K
A5 oy Y S b slapss Wil o 45 sl il
5 0k 25 pebass b as ol L ol addlhas mbs
ol jod a5 ;b + A dgu> I8 JLid g aads o 2J VD Jolee
Jlazial plgooin (oo oA S8 Gjgm 5l ool
STy 50 Gy ol 605,54 0505 (e |) 055 gllas
@ e @35 (5 yleex Sllee Juped p opdle uiSS
S35 9 Oley 13 (e adre s g gl oy Ll
Sorte Saled 5o 5 nolge ol 5 Cedl i o laygil

Yo

P9y e 9 (395 9 OeST laeg S 0 pH polie
s Esox lucius ol ¢)¥ ;o (2016);,Sen sCejko
Oizmad oY 58 o Kowalski et al. (2020) &liiss
SOz o gl ao o a5 ol (ylis laedS CudS gy
T Ao, g culad sadoslatiwl sojl8 o Jolas bapss
ol S IS s J e y0 0 YL Cls g0 ,a 0
Sz 5l 65V do 0 4 i Silegly g, 45 el
s P9y b amlie ;0 ondzu 5 plle slag)Y g 55k
] Jlasil s g, 50 a8 Cubls axg5 bl sus
Ss25 5ilnl Cows jlad Sl o 5SS L ey slanss 4
s u_;lb\.o;'a gl pze wile ol paie fioren g 3,ls
gl ez azp e ojle 5ledo 1) (Jws (60505 Wly
S22 85l 5l s (0,5 ) il a8 (Slaess
a5 Wb oo il3l laess s ] Jlaiml g 000 (g i
.(Dietrich et al., 2007)ans jualS 1) o 85 doy &ilgs oo
Qilg oo (6 S 03 g, a5 wilesls Hlis 5 S0 Olalllas
GYIU35) caliee sloaisS ;o 1, )i 5 2l &5 (5359 b
5b Cos (i ol 5 (2l Ss )l (slosed (LS (1S,
(Kowalski et al., 2018; 2020; Cejko et al., 323 |,3
sleslatul as sl lis 3dos cpl bl (ggemme ;o (2016
OS5y GYIUsE o8 Jlamiol o Silogsy s
wsle ol bapss coaS Wilgs o 5 £95 45 g5 9
5585 3b Sldes 4 3Ls g 00,5 Jugend 1) (palge old, cole,

S0 gl ) palas saxe
2555 gl 40 p2d Jlasiwl gl sl g, bl o
() 9 sole Sl ol (oS S5, Y153
ooy Syl oYL Cownl 55 solaidl onli-an e o
P Oliess 4 il w58 Jlasiul jshie 4w
) @l B pae 5 (Sll (G955 Spoiad aiy 30 Leid 5 aLils
3k 8590 Sl el SSlegty (g 59 098 (o0 Sl
Jbo 53 Jos 9 Sy Sl ¢ Jiegile G5 JgurS alox ]
Oz waSy Jolae 590l (5551 L sl ez oslianal
o ()2 Gebo 45 wled (o0 Joord 0t iS4, L,
by 5SS Jad (gl 50 o e aball B S50
0,95 5 ul aaly> Jol> Wae ple Vo iSlas 3l aSesy


http://dx.doi.org/10.22034/jair.13.1.51
https://jair.gonbad.ac.ir/article-1-922-en.html

[ Downloaded from jair.gonbad.ac.ir on 2026-02-19 ]

[ DOI: 10.22034/jair.13.1.51]

\F.¥ )'.Qg Al G)LA»::J JdY 0,99 sd&){)‘s ‘s.wwksbtnﬂw

References

Aas G.H., Refstie T., Gjerde B.
1991. Evaluation of milt quality of Atlantic
salmon. Aquaculture, 95: 125-132.

Barker G. 1992. Broodstock management,
fecundity, egg quality and the timing of egg
production in  the rainbow  trout
(Oncorhynchus mykiss). Aquaculture, 100:
141-166.

Billard R., Gillet C. 1981. Ageing of eggs and
temperature potentialization of micropolluant
effects of the Aquaculturetic medium on trout
gametes. Cahier = du  Laboratoire  de
Montereau,12: 35-42.

Bobe J. 2015. Egg quality in fish: Present and
future challenges. Animal Frontiers, 5(1): 66-
72.

Bonislawska M., Formicki K., Korzelecka-
Orkisz A., Winnicki A. 2001. Fish egg size
variability: biological significance. Electronic
Journal of Polish Agricultural Universities,
4(2): 02.

Bromage N., Cumaranatunga R. 1988. Egg
production in the rainbow trout. Recent
advances in aquaculture: 63-138.

Bromage N., Jones J., Randall C., Thrush M.,
Davies B., Springate J.R.C., Duston J.,
Barker G. 1992. Broodstock management,
fecundity, egg quality and the timing of egg
production in  the rainbow  trout
(Oncorhynchus mykiss). Aquaculture, 100:
141-166.

Cejko B.I., Sarosiek B., Krejszeff S., Judycka
S., Szczepkowski M., Szczepkowska B.,
Kowalski R.K. 2016. Effects of different
stripping methods of female and activation
medium on fertilization success in northern
pike (Esox lucius). Czech Journal of Animal
Science, 61: 481-486.

Dietrich G.J., Wojtczak M., Slowinska M.,
Dobosz S., Kuzminski H., Ciereszko A.
2007. Broken eggs decrease pH of rainbow
trout  (Oncorhynchus — mykiss)  ovarian
fluid. Aquaculture, 273: 748-751.

Guardiola F.A., Dioguardi M., Parisi M.G.,
Trapani M.R., Meseguer J., Cuesta A.,
Esteban  ML.A.  2015. Evaluation  of
waterborne exposure to heavy metals in innate
immune defences present on skin mucus of
gilthead seabream (Sparus aurata). Fish and
Shellfish Immunology, 45(1): 112-123.

\ a4

Hashemian F., Akhlaghi M., Soltanian S.,
Gholam hosseini A. 2020. The effects of
hand-stripping on some epidermal mucus
immune parameters in rainbow trout,
Oncorhynchus mykiss. International Journal
of Aquatic Biology, 8(5): 327-336.

Hoitsy G., Woynarovich A., Moth-Poulsen T.
2012. Guide to the small scale artificial
propagation of trout. FAO Regional Office for
Europe and Central Asia, 34p.

Iran Fisheries Organization. 2023. Iran
Fisheries  Statistical ~ Yearbook  (2018-
2022). Planning and Budget Office of Iran
Fisheries Organization, 29p.

Kowalski R.K., Cejko B., Grudniewska J.,
Dobosz S., Szczepkowski M., Sarosiek B.
2020. A Comparison of Pneumatic and Hand
Stripping of Whitefish (Coregonus lavaretus)
Eggs for Artificial Reproduction. Animals,
10(1): 95.

Kowalski R.K., Sarosiek B., Judycka S., Dryl
K., Grudniewska J., Dobosz S., Cejko B.I.
2018. Effectiveness of the air stripping in two
salmonid fish, rainbow trout (Oncorhynchus
Mykiss) and brown trout (Salmo trutta
Morpha  fario). Journal —of  Visualized
Experiments, 140: 1-5.

Migaud H., Bell G., Cabrita E., McAndrew B.,
Davie A., Bobe J., Herraez M.P., Carrillo
M. 2013. Gamete quality and broodstock
management in temperate fish. Reviews in
Aquaculture, 5: S194-S223.

Moradyan H., Keyvanshokooh S., Muhaghegh
Dolatabady M., Gorjipour E. 2013. Effects
of sperm competition on genetic variation of

rainbow  trout  (Oncorhynchus — mykiss)
progeny using microsattelite
markers. Taxonomy and Biosystematics,

5(14): 17-34.

Tacchi L., Lowrey L., Musharrafieh R.,
Crossey K., Larragoite E.T., Salinas I.
2015. Effects of transportation stress and
addition of salt to transport water on the skin
mucosal homeostasis of rainbow trout
(Oncorhynchus mykiss). Aquaculture, 435:
120-127.

Wharton J.C.F. 1957. A Preliminary Report on
New  Techniques for the  Artificial
Fertilization of Trout Ova. Snob’s Creak
Fisheries Research Station, Fisheries & Game


http://dx.doi.org/10.22034/jair.13.1.51
https://jair.gonbad.ac.ir/article-1-922-en.html

[ Downloaded from jair.gonbad.ac.ir on 2026-02-19 ]

[ DOI: 10.22034/jair.13.1.51]

S (55 YT U35 oale 30 035 Jlazinsl Silogiy b9 (83l At

Dept, 17p.

Warton D.I., Hui F.K.C. 2011. The Arcsine is
Asinine: The Analysis of Proportions in
Ecology. Ecology, 92(1): 3-10.

Zurbuch P.E. 1965. A structure for easy fish
recovery  during  drainage of an
impoundment. The Progressive Fish-

Culturist, 27: 237-238.

Porfaraj V., Karami M., Nezami Sh.A., Rafiee
Gh.R., Khara H., Hamidoghli A.
2013. Study of some biological features of
Mullets in Iranian coasts of the Caspian
sea. Journal of Utilization and Cultivation of
Aquatics, 2(1): 97-11.

sestp p &SG L (Oncorhynchus mykiss) LS .55, oVT U3 oobs ;0 w50 Jlasinl Slogy b, 63le aigs -y 0geme
VYA OOV AFF L gglSaS olSiiloso )8 mli ale slaimgs 408 . Jieadys mlis 5 o
Mahmodi R. Optimization of the Pneumatic Egg Stripping Method in Rainbow Trout (Oncorhynchus mykiss)

With an Emphasis on Enhancing Efficiency and Reproductive Outcomes. Journal of Applied Ichthyological
Research, University of Gonbad Kavous. 2025, 13(1): 70-78.

o @ ol g



http://dx.doi.org/10.22034/jair.13.1.51
https://jair.gonbad.ac.ir/article-1-922-en.html

[ Downloaded from jair.gonbad.ac.ir on 2026-02-19 ]

[ DOI: 10.22034/jair.13.1.51 |

s Journal of Applied Ichthyological Research

m

Vol. 13,No 1, 70-78

ISSN: 2423-6349
Journal homepage: http/jair.gonbad.ac.ir

4

Gonbad-Kavoos University

Optimization of the Pneumatic Egg Stripping Method in Rainbow Trout (Oncorhynchus
mykiss) With an Emphasis on Enhancing Efficiency and Reproductive Outcomes

Roghaye Mahmodi !

! Assistant Professor of Iranian Fisheries Science Research Institute (IFSRI), Agricultural Research Education
and Extension Organization - old-water Fishes Genetic and Breeding Research Center- Yasouj

Type:
Original Research Paper

Paper History:
Received: 12-05-2025
Accepted: 21-07- 2025

Corresponding author:
Mahmoudi R. Assistant Professor
of Iranian Fisheries Science
Research  Institute (IFSRI),
Agricultural Research Education
and Extension Organization - old-
water Fishes Genetic and Breeding
Research Center- Yasouj

Email:
roghaye.mahmodi@gmail.com

Abstract

Egg collection is a critical stage in rainbow trout (Oncorhynchus mykiss)
propagation. Traditional manual stripping poses risks including altered ovarian
fluid pH and physical injury to broodstock. This study optimized pneumatic
extraction as an efficient alternative, evaluating the effects of gas type, flow rate,
pressure, and needle specifications. Eighty 4-year-old female broodstock with a
mean weight of 3783.5 + 0.0035 g were allocated to experimental groups. Survival
rate, stripping duration, ovarian fluid pH, fertilization rate, eyed egg stage, and
hatching rate were measured. Pneumatic extraction at 1.5 L/min flow rate showed
comparable survival to manual stripping (85-90%, p>0.05), while significantly
increasing egg yield (497.1 = 21.3 g vs. 345.0 = 18.7 g, p<0.01). Gas type had no
differential effect on reproductive indices (p>0.05). The method reduced stripping
time by 32% (39.8 £ 5.2 s vs. 46.0 = 6.1 s, p>0.05) and achieved complete
abdominal evacuation. Findings establish pneumatic extraction as a standardized
and operator-independent technique that enhances hatchery productivity while
improving fish welfare by body surface manipulation and repeated anesthesia.

Keywords: Oncorhynchus mykiss, Gamete quality, Artificial propagation,
Mechanical stripping
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