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Article Info ABSTRACT
Article type: Monitoring mercuric chloride in aquatic environments is crucial for ensuring water
Research Article quality and supporting the healthy, sustainable production of fish. This study evaluated

the effects of mercuric chloride on growth, nutritional performance, survival, and selected
blood and immune indices of common carp (Cyprinus carpio) fry in 2022. A total of 900

Article history: fry (initial weight 1.23 £ 0.15 g; 100 fry per tank) obtained from a private hatchery in
Received: 2 July 2025 Rasht were distributed across 12 polyethylene tanks (350 L each) and exposed to four
Accepted: 7 August 2025 treatments: 0% (control), 5%, 25%, and 50% of the 96-hour LC50 (0.89 mg/L) of
Published: 9 August 2025 mercuric chloride, with three replicates per treatment, over an 8-week period. All groups

received identical diets. Results showed that the highest weight (17.28 £+ 3.22 g) and body
MCorresponding Author: length (7.48 + 1.08 cm) were observed in the control group, significantly exceeding those
dr.keysami@gmail.com of the 5%, 25%, and 50% treatments (p < 0.05). Growth indices, including specific

growth rate and survival rate, decreased significantly in all mercuric chloride-exposed
groups compared to controls (p < 0.05). Hematological analysis revealed significant
reductions in red blood cell counts, hemoglobin concentration, hematocrit, and
mercuric chloride, hematological indices in the exposed groups, with more pronounced effects at higher
concentrations. Immune parameters, including immunoglobulin and lysozyme activity,
were also significantly suppressed in all mercuric chloride treatments compared to
blood indices, controls (p <0.05). These findings indicate that exposure of common carp fry to mercuric
chloride, even at sublethal concentrations, adversely affects growth, survival,
hematological status, and immune function. High concentrations near the LC50 markedly
growth indices. exacerbate these effects, underscoring the toxicological risks of mercury contamination
in aquaculture environments.
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EXTENDED ABSTRACT

Introduction

In addition to natural sources, human activities, industrial and domestic waste, and particularly
fossil fuel combustion contribute approximately 2,000—3,000 tons of mercury to the atmosphere
annually. Even small amounts of mercury in aquaculture water can be absorbed by fish as
methylmercury through the gills and via consumption of contaminated plankton and other
aquatic organisms. This study aimed to evaluate the effects of heavy metal mercury on growth,
nutrition, survival, and selected blood and immune indices of juvenile common carp (Cyprinus
carpio) at the Mirza Kuchak Fisheries Science Education Unit and Shalizar Novin Farm in
Gilan Province, Iran.

Materials and Methods

A total of 900 common carp fry (initial weight 1.23 + 0.15 g) were randomly assigned to 12
polyethylene tanks (350 L each) in a completely randomized design with four treatments and
three replicates per treatment: treatment 1, control (0% of 96-hour LC50 of mercury); treatment
2, 5% of LC50; treatment 3, 25% of LC50; and treatment 4, 50% of LC50 (0.89 mg/L). Fish
were fed identical diets and reared for eight weeks. Growth performance parameters, including
weight gain, percentage body weight gain, specific growth rate, feed conversion ratio, and
protein efficiency ratio, were calculated. Blood and immune indices—tred blood cells (RBC),
hematocrit (HCT), hemoglobin (HB), white blood cells (WBC), mean corpuscular volume
(MCV), mean corpuscular hemoglobin concentration (MCHC), immunoglobulin, and
lysozyme activity—were measured from 10 randomly sampled fish per replicate via caudal
blood collection following clove extract anesthesia (150 mg/L).

Results

Final weights of carp fry were 17.28 +3.22 g (control), 12.63 £ 0.2 g (5%), 11.23 £ 0.3 g (25%),
and 10.63 £ 0.35 g (50%). Corresponding body lengths were 7.48 + 1.8 cm, 6.71 + 0.58 cm,
5.67 £ 1.8 cm, and 5.11 £ 1.08 cm. The control group showed significantly higher weight and
length than all mercury-exposed groups (p < 0.05), while no significant difference was observed
between the 25% and 50% treatments (p > 0.05). Growth indices, including specific growth rate
and survival rate, decreased significantly in all mercury-exposed groups (p < 0.05).
Hematological analysis revealed a significant decline in RBC, HCT, HB, and immune indices
(immunoglobulin and lysozyme) in mercury-exposed groups compared to controls (p < 0.05).

Conclusion

Exposure to mercury significantly impaired growth, survival, nutritional efficiency,
hematological parameters, and immune function in common carp fry. Mercury contamination
in aquaculture water not only reduces water quality but also accumulates in fish tissues, altering
hematological and biochemical parameters. These results highlight the importance of
monitoring mercury levels in aquaculture systems to ensure economically viable, healthy, and
safe production of common carp.


http://dx.doi.org/10.61882/JAquaEco.15.2.54
http://jae.hormozgan.ac.ir/article-1-1150-en.html

[ Downloaded from jae.hormozgan.ac.ir on 2026-07-03 ]

[ DOI: 10.61882/JAquUaEC0.15.2.54 ]

b RT wlibp g

FAA+-ATO0 1 Cig iSO bLE  YFYY-YYO) 1 gl LS

§e

T

b’}/ [l

(3

https://jae.hormozgan.ac.ir

959 LS (B ( Failojl o 10 iy S S » (HECL) 69> W yiS i
(Cyprinus carpio) S go20 395 Dbo 4% s
\bJJ\.;L‘o) QoS “UJW ‘:59.3 Sl cYM Cgi ) ‘E‘M C?i O 50

ol ) «g5)3lS g g biel (Dl (lojl (MS Sl he (B SesSTine (M pole J3jel sy (bl g SMd Bjsel 095 )

Ol ecudy Gho (oaall i (590l udg OIS il g 9 WRjgel JS 0l (028 ple bjgel 09 Clinios isu Y

oW Jlo SN
ol el (598 (omlo 2ligg g plles oobatdl A (gl of S Sl (gl oger IS (655l inghy dlie tallis £oi

S Sbuadls By g (Saleil doy @i b lagasl  oge 2l 15l o)l jglaien 3o
295 (o o adad Aee s plul EY Lo s (Cyprinus carpio) Jgens j3S (dlo @ ol 5 ypop/p 1edly o U
Loy ol dupd Cudy > pogad iSo oS8l ool 5 5 Wge s S 5l & (Cyprinus carpio) (Jyere VEF/ 0V 5 ey g,
I 53 VY 53 ok SIS o olul (s V- SB) 5 VYT 100wl 0y ke 6ol Lt
Loy 00 g YO D oo (g5l ol g Gluss slrop Lc g 0 ¥ B oyl con ) YO oo b LSy

o> Lt gy 50 03l g, tim A ke & )85 ¥ b oger 36 (12 15 5 e +/AR) LCso” P clale ) g Dkinnn 39
13,5 sanlie (Wals) V Jlas 1> yte b (VISAENA) o5 Jsb g 2,5 (WINAEY/YY) (59 oliee oYL dr.keysami@gmail.com
Fp Jolis 1iy sla yadls pismans . (P<+140) 291 Yl gxe BMB] Gl F o ¥ & (olb)loss 4 Cns &S Lo jlaads’
Culls Yl gime (il dopd + lod dr Capnd 0gi Loyd B0 5 VO D slajloss > (Suilesl 55 5 0fug A, g IS
o 5l 1oy D 9 VO W tplefl (slaylog 53 508 (sl JsulS ol a5 3l Lt gl . (P<-/-0) Jyoms 355
2oy 00 g YO D sbjlos (s Bais opl o (P<+/+0) Canl atily ialS Koy dopd ¢ Hlewd b dunlie ) (9 sbasls
H5lS 5aLS omglSgen Gliwe (HC) o Sglon (RBC) o8 slaJolsS ol (55 (slaygiS6 ol > (sl a3l
2oy syl b (Jgens joS (le a sladised )3 mjgid 5 (el pgel Joli el (slaadlid A5y glaasls

2 0s 3yl (5 13 Jaene 58 ale dom (585 15 culpli £ (DH40) cuily Sy ) ine glis
ol cpl (Salosl a5 A3y LialS  sd slaasls e 15y el LCso 0 M clale (oY paws
VALY

() OS 5 oy oKzl 1,50

BY NC



http://dx.doi.org/10.61882/JAquaEco.15.2.54
http://jae.hormozgan.ac.ir/article-1-1150-en.html

[ Downloaded from jae.hormozgan.ac.ir on 2026-07-03 ]

[ DOI: 10.61882/JAquUaEC0.15.2.54 ]

1FeF oF ol 61D ojjd‘dél;g/'wvuﬁ}g of

EVRVT

Do ymS e dilisie  Slg yd (ooleto (a3 b aS sl (655 1o sl ogr (Cyprinus carpio) Jgexs yoS5 2lo
SJyexe y5,5 (Kohlmann ef al., 2003) cuwl 005 pgw po lga dntane 3blio pol o 13 1 595 05950l 5 ol 03,5
Jolos blao 10 YU Cuoglio 090 Iy g oSTyte ©yamds (6l ¢ wd 405 ((Sguan ST Sl (ryw Ay Jdo @
03 yiu3 yokay 055 50l 4565 -yl .(Kohlmann et al., 2003) cusl loz ()9 bl opyipte dlosjl o leosd 5 (o548
Moffitt and Cajas-) 358 0 03b [byepm lble ysuS plo b ple cutS b (l5eSSs &gty Lis bl 51 gyl
¥ sl o 5l ot o L3k i e sl JlsS (65 S IS gty 5 )55 e (Jgene 555 sl (Cano, 2014
B 689) o camadlS g 1oy Aol pSiw il yolie b Ol Sogl (Mazid ef al., 1997) sy o oo )5 okS
5yl 5929 o9n sl Sl @lhe 53 Jsle i g Jolome ©yg0 9 4 &S 0l Cogume O sla S9ll ( iere S pgrinesll 5
b gldle Gl > Slysi g (1050 walitunjn b g ione U ()] JU> a4y g lale (595 Cuogonne 4 i
O Ol3ls S gl e oS MU dlesjl (Briffa ef al., 2020) 55,5 o il 5 plo b Wlgi ials o
0gu> ‘r°9fr">l§ ¢OLM3| Lgl).g 9 JJ)‘J u;.’.';\-é 03B ) )D& W (SIPE §(§9) 9 Oy OGu> ¢ o ‘P%oblf &S Col O—l J.jlob)f ui})l)'f
sl clale 3 g4y 5 poradls | JSUas ol sla cdale j> oge 1 IS 31 (Briffa ef al., 2020) 5 5 SUyas Gy g
e 9 (Siglan Oluss ply 0 Cwglie 9 (s pba o0 pae IS ysbas ((El-Greisy and El-Gamal, 2015) cul YU
ST g yepe s g oww plad a5 g 0,3 g ods Lanlis (B ULS B pae Ly (slacdl > I3l i a5 395 0 el
alisee sladieS 3 ) 2e30 lg g Cuenw Ce 4 1S 38 (Teunen et al., 2021) 51> ol yo 4y gllaol S5
oo a5slis (Briffa et al., 2020) il o 515,95 5 (sloig Caonl 51 S1Ae (clao pom; 4 0 3l JWd 0 o> g s3]
33,5 oo bl 0aiS Gruas lgie 4 lusly bl Ole ksl )bl 4 el gy 51,3 pame 3905 51 LYS 4 polie oyl
& slabae ;5 03,58 5 pae (slrodn Y lgie 4 o Gliie g 0> (Teunen et al., 2021; Seibel et al., 2021 )
A 0ga> Dgul o () oS Cely by alo ) e 0305 3l yee 5 b ale lawgs il Ll sg WLlodd a8 S Jlas
Balali-Mood et al., 2021; Briffa et al., 2020; ) bl o s go35 30 sl 5 aSb )15 o 5b o Laeo o Lo
S o olond yuxi b oS ),;‘ls o g ol o Ol jd o i oS Hlaw Hlade .(de Oliveira Novaes et al., 2024
I ol @i 5 ale slo (il 51 Ol g im0 Jute 095 o ish ol 00 3 (o JSS oS 09> Jite 4
b oy oS shign el o le <l g oMlas g eud ale n Gl da (ESM 5 i e S
WS o ol 1y ogex aio 3l YL polie Jgeme jaS wile Hled (6388 g 5 S sl le b o zess W)
1 5l i ol See 43S oo el |y Jgeme y0uS alo 9y O a5 b wildg, le o y> (Barakat et al., 2024)
@ oge> .(Vander Oost et al., 2003) 15945 03¢)] (65,9LiS 5  Sdme ¢ dinio ( OB (ldrlun 5l o o151 pKiw 36 opl b
ol g bgman jlons) Cogrge | (o 0 )3 Wl o g 290 48,5 5 50 O elaesny¥T i ) S olyis
016 Y1 S e (Hedayati and Safahieh, 2012; Luczynska ez al., 2018) 39 o el ¢ Jobo polic b 48,5
otalel 3,50 Clogse | sars ki sloml can p3Y Chale ] Alusgay 45 93,5 oo (b)) e oo Gialesl o5k
Jlds (Lawrence ef al., 2020 Witeska et al., 2022; ) 355 0 polre (aodily b 5 0UisS) (asuin Sloj oy & o
Dy i )3 p)S deo ((/AY £ /NY) Jgexe y5S ale 3 (HECI2) 09 w8 (gly (B0 oiiiS cilale) azel LC5096 h
dgyee o il el 88 [oye 50 oadyinlejl Jgeme y55 ale jl o yd 00 HECI2 cdale 1l 13 &S conl gxe ol o)
e SYMB! el Wil o g Cal (2o 010 YT 51 (s ogun 0aiiS pj clacdale > > (Hedayati er al., 2013)
Sl sl p Cul San pired 05> g il o b S slagybual (sl jL8) wSle ale pudglis j3
S b ol s g s 5,Slee Cylby p3 YS! ow dlge 13U 5l (Yuan ef al, 2017) 5,35 ,5b o>


https://www.frontiersin.org/journals/environmental-science/articles/10.3389/fenvs.2022.919204/full#B44
https://www.frontiersin.org/journals/environmental-science/articles/10.3389/fenvs.2022.919204/full#B245
https://www.frontiersin.org/journals/environmental-science/articles/10.3389/fenvs.2022.919204/full#B175
https://www.frontiersin.org/journals/environmental-science/articles/10.3389/fenvs.2022.919204/full#B121
https://www.frontiersin.org/journals/environmental-science/articles/10.3389/fenvs.2022.919204/full#B230
http://dx.doi.org/10.61882/JAquaEco.15.2.54
http://jae.hormozgan.ac.ir/article-1-1150-en.html

[ Downloaded from jae.hormozgan.ac.ir on 2026-07-03 ]

[ DOI: 10.61882/JAquUaEC0.15.2.54 ]

6o O g (oS ET | kit sloaslis  (HECI2) oguz wy JS 53l

Sidgled Sluosas (Chen et al., 2023) k)l Hlale el piwaw 2,Slos puss 3 1) ogo Lids &S 2 0 dloo)
JEs! dlesjl by s (Hlavova, 1993) cuul ale Cwodlw pre (adls G g (o s 5 (s baylys 51 sl
3505 w5 glaj5 sl g8 lan] cadS g S slacdl I x85 dlge Jinl ( Sgrlio 285 (slmodygl 3 sl ¢ olie slge
(Abdel-Warith et al., 2020 ) 59 0 sbu] Jsbo by > SYMB]  ow dlge ).ul.s »ly (Hsu and Guo, 2002)
ol ok sl ) oty 48 Al o (oMo Cmdg 3l oo (el S el Sl 8L G lsisa Shgrge 3 o8
(Balali-Mood et al., 2021 ; Fazio, 2019 ; Adewumi et al., 2018 ) cuul 30,8 (sla J5dS g dutw (gla J5dS ol
S ol o baugi g3 (slajally (onb el (28l ol wiusS] Sy (oM Salpd (3 ine 5l (S S0 By
Sl iy armocun bl yd 4 gusly )3 plale (58 Sluogas 5,5 )5 edliuld)ge ) pa3ls plgisd Sl e
Nilygo Compilams S5l 5 (e Candy i 3 4 5 Jlow Sl 8l Ko plsiets 55 ol s 3
53l ol p Se b asls p Siw Sl 131 3550 50 eadpbnl uics Bilew il (Farombi et al., 2007)
Vosyliené, 1999; Verep et al, 2007; Folmar, 1993;) cul sddiplsl ¢ hy9m o ;5 g)l50 j0 aloay )3
) Jaoxe cilises Jolge sl cov oljl ale Seb sby jasli lpss 4 bgyye zls (Svobodova et al., 1994
2 595 WSye oyay Mby 4 gy N9y b (Folmar, 1993) 55, ;K0 pa ale cladisS plo )50 ;3 Wilgh oo ((pSiww
Jelse s g oy 10 sl Jaimo Jlan 655 ool W5 0 s> lacal 5 lag)lon S0 5988 o (S laysead
Coxio 3 (s sl G Sl oo wSTite Wiop kulpd )3 s)lon | 6xSolr car 3 plle sl s 0l
s Comgyinlg LS y3 a8 5,15 1y Jobo ardaw 55 lyuss sboul oUlgi oges (Stet ef al., 2003) sl asls (¢y9 s
Conl 03 Coll g oo o3liiw] uac b p og (slacawwl 3 il oo Sl lgicd b Joko opl g o odnlie
ol bl (6318 oyl cod le gl (Dbl Sl (oules a3l (o ) (olendsn 5 (Wl gt Sl &S
sopp cay la sl b o sy 5 Jgese 155 ol 5 s> Sl 5 s o8 3 g2y sladlls a Jlo
ly plale caliee (SlaaigS p oge pIb ABlaa gy p (b 5l amd Ui 1) 0g I8 Ll dpalye &g 53 (Silejl
TChoUNWOU ., ) sl (535 il 3ol o Ll 5] (50 5 L 655 51 Sl ed s e
o o ol g S5 sl pals (SBlojl 1oyd ) sl el 2 oge (i 31 58T 3k ) 5 Il (2012

8558 s 390 (C. carpio) Jgese )58

Bvgy g 9lge
S8 e HMed golioo g pole 12l 5 5 48l il lsi ) oS 5 @Bly 2 J15ILS (Rl s )30 5 B 0
o9 318 LCso”0 M oai 8 cdale s ol ;5 0 plos] VFeY aldpe g o5 slo olo IS 1> atén A oo 4 sy 6
YD oy slacbale b ojlas ¥ L alls islesl )3 (C. carpio) Jsexe 108 olale a5 Cuxes 5l ausyd 0+ > (HgCl)
Mged jl g celw A% s VY FA XF o Lalo clal cud 5l s o (Static) (Slaw hgy 4 og> )08 5iyd 5,8 o Ve b
2955 plo @ (sl ogr 518 LCso™ " o gl ) ey 3,5 s 2 3 S e /A (Dl g ClBle g S
LCs0% Pedalé 1oy V0 by dilos oo S0 g () 53 pyS oo +/+F¥0) L5 " cdile 103 B by iyl g S Jgeno
3 o ol (5 > oS ko IF¥0) ogn 55 LCS" Chle smy3 0+ oo Vb s e (12 3 s - /1Y)
Rand et ) s 48,5 a5 > aals olgicd Jooxo 105 dlo a0 (glp o9 36 LCso™ M clale ais)s + Jolre pdass
S L (C. crpio) Jgoss 15 oo s b Ao b (55 ¥2+ gons b s Al n s fal, 1995
1391 00 At ooy i o518 Sl osle g 5 g s S, 31 o5 (aekaB Ve e [CSOL) p)S VYT 2110 4l s
) o) oger 38 LCP il s - gy o ol a0 55 ¥ 5 o ¥ 5 sy SIS 2o oL
5 (7 les) og 518 LCso™" cale 5oy YO b Sy ol Y jlos) ogex 516 LCs0” " cale jlaopp 0L (hyg ]


https://www.frontiersin.org/journals/environmental-science/articles/10.3389/fenvs.2022.919204/full#B32
https://www.frontiersin.org/journals/environmental-science/articles/10.3389/fenvs.2022.919204/full#B71
https://www.frontiersin.org/journals/environmental-science/articles/10.3389/fenvs.2022.919204/full#B3
https://www.frontiersin.org/journals/environmental-science/articles/10.3389/fenvs.2022.919204/full#B200
https://www.frontiersin.org/journals/environmental-science/articles/10.3389/fenvs.2022.919204/full#B200
http://dx.doi.org/10.61882/JAquaEco.15.2.54
http://jae.hormozgan.ac.ir/article-1-1150-en.html

[ Downloaded from jae.hormozgan.ac.ir on 2026-07-03 ]

[ DOI: 10.61882/JAquUaEC0.15.2.54 ]

1FeF oF ol 61D ojjd‘dél;g/'wvuﬁ}g o7

Gros Ao ol I e (Brme Ol el gite 50b o ale (¥ les) oger 318 L5 e 5l a0 00 L Shjg o
o1 3 ly Ol 055 azrdes 4y g jgue (b yild Sl ot ¥ )l L Sy ol gg b il am 4 (g I3l Rl s 30
e LSy e bl ol 2 tin S te 4 Giolejl bl b ()83l olaitody lible do 35 (s 292
dgh 5l 5 oaioyly Gl psods (Bygn slbazdse (VL Sl (639y5 Ol ]SS plad 5 )95 Jsbo 53 00 (500K
5 gt bazogs (3lga 9 (LS 5 (b baxoe Gln (g b 035 £) o 1550 0 &ly (295
plil 395 030,85 iate JS0uSH w HLidy Ll b dg) dlwgdy lado ses (sll o 1anl jo aS" (03lgn) Houw preS ol &Kiuwd
039 0sle )3 V=0 (liee 4y &ilig) (V 2] 3,5 e il 13 85 calis 39581 ()b (shis b lale aom 35
inlosl )90 Job )3 05,5 oMol sriwcans ) ploul 5l ;LG aan 93 pa 13 e ass 20lié odeg ¥ 3 5 o0
o3latusl b 55 sl S Jsbo g i p)5 /) Jazmd ol 3l ealisasl b (0,8 <oy (lonle aom 1S aian Y o
PpSdee Vo) Soue 5 o)liae b bl dou gylo paiged loj yd (o yiwl LidlS jslaieds b (5 S03ll udoS
5 Joloe ST o i jelaieds Lialejl Job )3 .(Bazoogh Hassan Saral ef al., 2019) xus jben o (1)
Do yge (yile (ol j3 diljey yguody b pxio ol .0 ool Multi-parameter WTW  Jluzwd olSiws ;I pH
‘HI93715) C.._wd‘.uyci 9 u‘w 9 S0y oK b 9 ‘_,’_i.o.m S yg—iody u)bu uj Jb}b—l 9 Coyl )LXQ.A us)f )‘).9
Colim olSwd b (6y9-5 oy g Ol jd Jolome cliels IS oS colan 48 )5 )13 ¢ 1805180590 (gl Hanna
(Dethloff et al., 1999)15 cus 5 s ysSoj15! (HANNA) Ula oS Jguaco HI98192 o Jar bl5 (20 BC) geias

A oalas] (2005) AOAC ))I.AJL'I.M:I dl.:bu.‘b” )1 03> A le uL.S).: d).,fo)'l.\ﬂ TGN - SSRUUR P JUPY SOV

i3l Job 43 (C. carpio) (Jeere ;9.5 oyllo dzxy 03liwld 90 (51i€ Ciladuiie .Y Jod>

39,5 glik lié go
LAV (o olee) ST o3l
~EYA/SY (A.o).)) 1915 OS9
VI-£AIDY (109) pB i
VRS- AVEYN (Ao ) yunSls
NET (ps5 1 5 I ) pn 15 5,
NEZR: (10 y0) Py
QoYY (20,9) Cashs,
NEIOR (10 y0) yiu

S el 4 bae wls £ U Y ladaly ulol p (595 0)90 (b sl xiwcun | Lol pB,l ¢ slac! 3l ool b
dle (B9 D Glie 9 (2138 ol o ps g by copd (e (o (jg Gl o (jg i3l )
:(Dethloff ef al., 1999; Haux and Larsson, 1984) 1,5

) e,

P & adgl ig— p)S 4 2l Lj9= )5S @ g il

Y dla,

Voo x (2,5) (4ol 3o \ (2)5) (48! s — (£55) s 03s)) = (20 3) (iig Ll ol
Y al,

Voo X (Ubyam olos o\ (sl (159 5365 0 ) — (2lS 01j9 8 i) K)) = (M0)) 039 Ay Gy


http://dx.doi.org/10.61882/JAquaEco.15.2.54
http://jae.hormozgan.ac.ir/article-1-1150-en.html

[ Downloaded from jae.hormozgan.ac.ir on 2026-07-03 ]

[ DOI: 10.61882/JAquUaEC0.15.2.54 ]

ov O g (oS ET | kit sloaslis  (HECI2) oguz wy JS 53l

¥ o,
(p)5) o045 Lol (59 Jlaie \ (p)5) 0 03,55 (gl e = lie s

b ala,
(p)5) Brae s e \ (p5) o0 8ld) (59 ke = (g 2l (e

5 dal,

Ve X (a slad & (s le) oale S Jsb \ (p5) (ale 5 is) = 28 (S sl

5 jless 1 Su 2 (SWlojl a3 Voakal, jlosliul b g (5)lod jlass 10 53 39290 lidle (590 0)53 pladl I
:(Dethloff ez al., 1999; Haux and Larsson, 1984) 1i 4wl W)l S5

Y abayl,

Voo X (g 0390 gl > plaale Sl \ g5 0)95 slail 3 pleale dlass) = (w0 3) (Sailejly a0

ol Ve LSSl (Bolas jsbay plale jl (655 (g5 cadss 0)93 Gl ) gl 5 S55 Soadll (o) yslaied;
(Lawrence et al., 2020) xi plosl )1,S5 aw b (5 )0 p)5 Jeo 10+ ) S 5 ojlas 10 (dghas | (s (00 a8l asl
09> S G bolyen (i Sladiged AD ()lS Jbgu sled )3 9 Ab 48T )l SSpw dhwga (g5 Sladiges
S Jizie olKiislojl 4 g b 03l )8 laso

3593 Yeor 490 b oloJl Heraeus sepateh oSy célo labofuge Jae ) 5ot ylo olKiwd dlugds 95 (sladiges
Gl S il s Ve glod jd GBjgninl slass 10 o bodd lia p oy (50 Joady 5l 48> Vo ko 4y dddd
38 sl a2y ¥ Sl )3 oBtslofl 4y Jlol g s 485 9 Sgee 0l | g 0 Jlaciisl (S5 (slodiges s
A5 )l

(WBC) thr slo s 31155 {HCT) 5 pla {HB) sl pu {RBC) 30,8 S Joli a5 355 cslo il
($e503 5 sln oy olial b 95 53 (MCHC) Jgbo (st 3 e Lo (MCH) 08 J5lS or basic
s deo /0¥ 505 bolsws | 9 slS sen Cuogiluw 3 )lliwl (igy 4 (sl sen Hlude (Witeska et al., 2022) wus
gty K305 (3905 bslo ol | 4555V CabS | w5 (slS5m Congli o ynn) (5553 Jsloo sl s B (5
Atamanalp ef ) 1,5)5 duwlre jo) wd ;3 p)5 cas g9 (60505l (Sl Jenway 6105) yiogidg yiSmw! olSiwd
{(al.,2011; Feldman et al., 2000

48> Vv Do dy Wiged Joady sl 9 Co S plong S sladlg) jll okl b o S lamg Siee Jglite 9y 4 o S gilen jlade
sy & ol 30,8 Sl LIS lads 26,5 Sy oS labgySen Sasin il J adli L iy 3 93 \eeee
- b oS (58 Jsboro 5l diged (3905 3:8) sl 558 ol Sln 08)5 @0 lsh yiagigen pY Sl ookl b 5 e
ol oo 30 30,8 (sl JoulS laai 5 00,5 Cps Verrr dae Sr C8) G s ) 0l i jlowds Jolw dlaw b edliiw] S ya
(MCV) Js5 buwgio po> dm JsulS (aslis (Celik ef al., 2013; Thrall et al., 2004) 1 dwlxe 55 oS
3 A sl el 1 30zl by (MCHC) 30,8 (sla oS cslSya gt Cale 5 (MCH) S (gl e Lo e
.(Abdel-Warith et al., 2020) 4,55 auol>e 4

A oy

(Slgiad b cuxSo yiog S MOV (10)3) o S gilon x Ve [(caSo yio o 53 (y9akis) 50,3 (slv J5el5 sluws
% o,


http://dx.doi.org/10.61882/JAquaEco.15.2.54
http://jae.hormozgan.ac.ir/article-1-1150-en.html

[ Downloaded from jae.hormozgan.ac.ir on 2026-07-03 ]

[ DOI: 10.61882/JAquUaEC0.15.2.54 ]

1FeF oF ol 61D ojjd‘dél;g/'wvuﬁ}g oA

(15 $Se) MCH = (1) (o3 55 £.5) imgl3mm ) s o o 3 ielie) 30,8 (sl JodlS Sl

MCHC =(2) g3 > p5) sl pa )+ (1 3) o S5l

- b oniS 58y Joloro LYo ) o 4 (g (995 G5 b (ploginmlan) maiins (09) 4 s slaJgdS (IS i 5led
Celik et al., Jawbrs Vo dal, jl oslaiwl b o5 xS yio duo 53 Mt gla JoulS S dliad a1 C3 )T O jguo S5 p2
.(2013; Thrall et al., 2004

Ve abal,

2100-VIS J1n) et i olS5d el ol (550 s myigc] sy 3 (1ZM) (sl sisl 5,553 g
zobw (£ xSolul Cpien (Thrall ef al., 2004) wi odlitwl yogl Y+ zgoJob b (K0l Unico S s el
oKiwd g (Sriww g gy S b g Micrococcus lysodeikticus sy yammibuogw 5l odlaiwl b e p oy )0 525954
clhle yus jelaieay (Islam e al., 2020) ai pll (oSSl Jenway 6105) yiogubg Sl yiogigdg Sl

3,5 oolatwl (Y4VY) o, Ken g Witeska g, 51 JS 19065 55 g0u]

awslio gl odls 39 Jloy <y 45 b ol Shapiro-Wilk ;yeejl 5l ajlas )3 odly Jloy xjgh (owyy sy
awlio (¢l g (P<+/+0) 10)d A0 liob! aw )3 (One-Way ANOVA) a8 b il )y Judos 9050 51 b los (s lol
5 Kruskal Wallis ;9051 5l Il duslie cags modld 11365 oy &g 55 b o3lil Sl 9050 51 0085 b Waog S
odlazl b clmodld Juloxs g 4355 9 (s lol (sl yg05] 4S5 Soslinwl Mann-Whitney ool 5l lnog,S oy duslio jolaiods

23,5 01 (ke £ Jlime Slyal) ©jg0h @bt 5 plosl Y2 a5 SPSSldle 5 5l

el
PS5 sheo O EVVIYY) Ol )3 Jglomo (3081 olis 390 0593 Jsbo 5o alojl oo f (o 5 (S5 (slo it ool
oo slos (3,5 ol a4z, YA/OFENA) O clos () > p)5 o O/-EFAVY) gy3 Jole 3enST (1) o
Ol s Joloe Slisls IS (e by (i) 955we YAY £ ¥) S Sl colin oy (3,5 ko 4,0 YV/FFE. /YY)
(P Z]+0) 29 2ali b by jlos 4

T Jyene s olo s (Sulejl dop 5 415 iy slaasls p oger (i 315,86l edelcunde, mls
claslos U Y Jles e (Slojb duoys Jlaijl ¢ jialejl 0,93 (slagl 13 3uivs ol 5l ool s ol @ angi b g V Jods
iy YUY glajles 13 Jgexe jouS plo dou 0 sled (yjs (Y e )(p<+/+ Q) i odalie ()l> sixe glas ¥ g VY
o ) U ysp 4 A )93 53 5 s hiwe Y s p)S Ve /SYELYD ¢ VY CEYYIY . AY/SYEL /Y. AVIVARY/YY
055 oo dou b ol Jobo (p<+/+0) 24 jlo ime BT s ¥ g ¥ ¥ slajlo 4 Cuns 45T 00,5 sdalie Sali
L5 oaalio ¥ g ¥ o ¥ LY clajlas ym ) sme WS iyep slale Job o doyd cilise claclale 5T lasjl
M s ¥ gV ¥ slojlas 4y s a5 05 sdaliie (30L5) V Hlows ;3 0 Jsb 5 (59 olise oYL (P<:/+0)


http://dx.doi.org/10.61882/JAquaEco.15.2.54
http://jae.hormozgan.ac.ir/article-1-1150-en.html

[ Downloaded from jae.hormozgan.ac.ir on 2026-07-03 ]

[ DOI: 10.61882/JAquUaEC0.15.2.54 ]

84 O g (oS ET | kit sloaslis  (HECI2) oguz wy JS 53l

¥oles 9 ¥l ¥ slass ) jlows) ald Jlo 53 (Jgeme y0u8” (oo dom gl 02latulyyge (oS 0y (A8 hoas cupd
Fol ¥ ilosl slolos m oBE as Gups 50 g Yok Vo8 VA ANE/N ANVt G5 4
Orped (P 20/+0) 125 odalie 3 gme SWST ol 80)3 B0 5 VO Jlod (ol dom (2ld Jsbo 5 (19 sl 3 (p 2
GBI 8o+ Jlagi b ogi 0y D0 5 V0 & (slosloss 5 (SWojl 55 9 ofng 455 &5 A &5 Jols 1) (slo L
(P <:1:0) cusly o gmo

o[+0) sl gyld xe BMBT Calisrs (gl jlowd (po e owyp 0590 (b )0 5 (yig i8] Ao yd gy do > VFF/DEV/VD
Erae oSan Olie (YL (P < 100) il )y gime SWST Ciliseo (glajlos (r e el (b ooy My 3 (P <
On ©de cpl (b (Sulojl asyy (p <+/+0) cuily gyl sxe GMAIF o ¥V slayles b aS" 00,8 sanlive V jlos jo
Gjlos b aS o5 saaline ) jlows 3 (Swilosl doyd e (p YL (P <e/+0) Cubly (g)d dize M| dises (glojlass
(Y Jgdo) (P <+/+0) cusls (gyls sxo MBI ¥ Y ¥

(C. carpio)) Jyexe y9:5 dlo dzy 595 0593 (b ilidee (51 lowi sy (G Had Wi Ao .Y Jgur

£ las Y s Y s ) o 2y 5 ke
MAARE-AT VYV o/ VF UALRE-ANS MAARE-AYS (255) o Mol (139
Ve/oEPYIND © W/ EYY/Y © W/ ESYY P WITEYAYY @ (255) o 2% 039
VIAY /¥y YIVY /¥ YISA EIvs VIVY /Y ON gl Job
(o sb)
ONVEV/-A° DVESY/-A° $1-£V\/0A® VIVEFAL-A 2 oM ks Job
(siosils)
VEN /¥ VeV P V-Eya/--aP VWA oA iy S sl
¥/etN o5 R V/AS ¥ V¥ P VeEN o/ © S b g
N ZAETWITS VEVa¥/aye YAVRE- 7 VEVSY/ 8 ON 039 ol 38 Mo yd
(%)
VAT VYEE 2\ V/o£a-Y/- - ¥P VESWVANS (7)) o329 iy &9
¥/-EV0¥/ ¥ v/-£yaa/-v° v/Evay/-\\° ¥/ SV (1) Bao cxisgp
VE/NE. . VSN © MNZE- - P ACVAER (%) Solbojb sy

(P <el+0) Coml 5 cizo BB LS cydy 2 45 (cwalSl (ylunod g Bgy>

Joi 20 & Jgene )95 ot imal g G55 sl padls (sloadls p oger (3K 3B bl odsluns; b
Sleas 50 jo,8 (sby JoudS dluss a8 ol lis ale i g 503 slaJoulS das p oge 18 8l 4 bgyse puls g ¥
O a5 opl 50 (D<o /+0) cunl atily ialS gy dopd ¢ Hlews b dwslie )0 oge 18 clale woyd B 9 YO B (ole)]
w8308z (HCT) o S la (RBC) o sln JodlS Joli g (slogS1s slas 13 003 8+ 5 YD & (sla o
Gglis duoyd + lass b (Jgase j95 (dlo a sladiged )3 wjoid 9 (gl Pigenl Jold (oal (slbpadli 5 JoulS pasli
(P <+1+0) cuisld 2955 J> sze


http://dx.doi.org/10.61882/JAquaEco.15.2.54
http://jae.hormozgan.ac.ir/article-1-1150-en.html

[ Downloaded from jae.hormozgan.ac.ir on 2026-07-03 ]

[ DOI: 10.61882/JAquUaEC0.15.2.54 ]

JFoF oF 0,lods 8 0,90 o5l o (ouwlidipss .

& G S5l )3 gl gigenl Hlude Cpiomen g il )05 layles 4 Cud | Igm jlude oy i dald Lo

(Y
OB )13 51 o (C. carpio) Jgexe 195 (dlo (15951 8593 (b lisee (B )lod (Jeoul g (Fob S pas LS dmylio T Jgua
Wd A o 4y ogu 518 45,20 4
£ )l ¥V sl Y led ALY saly S sy
&S o3l
VY Wott INVEER NN yvs + vo\® vay £1yvy? 950 3 3l KV NI NP 3
(AR (WBC)
VIYYY £ A¥YEd VEAS £ AYDNC VE.£) £ SvayP VOFSS £ VOISR 555w 5 3las) 30,8 s oS
(V7% (RBC)
VS £ V/--© R YA/YY % < [0AD Yoleeky/ed ) CuySgilon
(HCT)
/AT JYAR olivat -y BIV- £ /3. D€ AR (g/d1) (Hb) ool gon
YEIA £ /Y- YVIVY £ . /FY YViOY £ . /f5 YV/A0 = AVY (pg)(MCH) busgio oyl 50
S gl gon
VAY/+ o £ V/YY© VAF/YY £ Y/01¢ VAAYY £ /2P VAY/EY £ ¥/0N? (f1) lugio poms
(MCV) Js5
Va/fY £ L yrd ya/aa £ +/yac Yo/ye £ /WP YoNY £ /v (g/d1)(%) buwgio cibalé
7053 i owslSgen
(MCHC)
YA/YA £ ¥/aa° YY/AY £ F/are £/« o £ 0/¥20 YAISY £ §/-¥2 (mg/dl) IgM
VF/ep L vYE (AEA \WAERaG VEIPY £ < N0? (mg/ml) 92885 giges]
YV/¥Y £ v/avb Yy £ v/.AD Yo/ £ Y/ 52 Yo/PY YA (u/ml/min) w2954
(P <+1+0) Cowl 5 sro BB AL cydy 1 5> ot (ylunod o By yo

oinlejl )3 Jgexe y6.5 ale )3 (HECI2) g 1,8 (clys (huoyd B+ oS’ cdale) azels 48 LC5096h lade i ol )
09> LIS gl (0 oS clale) arelw 48 LC50 96h ludo 15 Wb 45 59 oel oy jid ;5 p,5 Juo +/A &BTas
cdale j» ogles ol (Hedayati ef al., 2013) 545 0035)5 5,155 5id 13,5 o (+/2Y) Jsome 55 ale ;> (HgCI2)
booye o Gialofl Lol loj )0 O (aberd o3 g (laome Ll 5 b (oo g (092 Sglite 4 1yl 2oy B+ o1t
ol odisdllyl  Salite slayi,liS Jlale glgil y ogs LCS50 96h suiis” clale g og> 38 Coow il jogad > il
Verep et al., 2007; Vieira et al., 2009; Hedayati and Safahieh, 2012; Sadeghi and Imanpour, 2015; )
SS9, pl51.(2024  Rahimikia et al., 2016; Yuan et al., 2017; Barakat et al., 2024; de Oliveira et al.,

Sy Ll 8,8 5 )3 b e Ll 5 (oalo g ot 5 (a3 (610,586 calllaes s ol 4555 5 g5 5]
Coow 4 oyl 23Sy Jgl sl sl )3 yiiin b ComngS dlass a8l b iolosT opl )3 315 3939 Lialesl Slej 090 o
ComwsS dlass u;’mlfi.\g Ll asb S5b 1) Sed sl yadls Gluus A8 o uw (plo a5 Sloj g o 0dnliie 1S 318

30,8 s JoudS o yd Cuns) (S5 s ol 10 IS Ol s ] ] pitw Camd oind s &S 394 0 0nLie


http://dx.doi.org/10.61882/JAquaEco.15.2.54
http://jae.hormozgan.ac.ir/article-1-1150-en.html

[ Downloaded from jae.hormozgan.ac.ir on 2026-07-03 ]

[ DOI: 10.61882/JAquUaEC0.15.2.54 ]

4 O g (oS ET | kit sloaslis  (HECI2) oguz wy JS 53l
1S (begwead ¢ b ConwgSd ilisee JS Juoyd G 5 (oot odd Mo Bl JSb pousd coddial ( anb
(Witeska, 2005; Verep et al., 2007) 335 0 Gl a5 e oS Conl (2lo 0 olowd cowo 5l slaailis

oS obuljl gei 2l yui5 ¥ g ¥ 9 ¥ Hles i 095 CoySglen e )3 09 b IS Sogll Calise polie i ol 5
Hedayati and Safahieh, 2012; Luczynska ) cul Js3 50,8 (sla ol 031l g dlawi sdims oyl o3 o S'gilon oyl 5ue

Yuan e ) 15 oai plbale opl 3 Slo )i g 93 cud b o] I chmas cael Slgie o Lials 1Y (et al., 2018
aS ol lis gl L (p<e/+0) ol L gyl me MB] Jald 4y o Mt sl JoulS Jlade pols sudss > (al, 2017
ol s 00,5 b lale sl pdaw Lials el Llg o a5 39 dxlge dubus sl JoulS S5 e ialS LY 5 Y slales
Al ¥ jless p3 095 Clale p iaS bogs > Dy S ald 4 Caws byles oled ;0 IgM jlade oS 0l ol sudss
s osen Jito Nin (o Jsbo s )3 03 IS 5 g Jete 205 Sl | o o8 olonle ind] g 39
355 ] 5l o a3 e (AKter et al., 2008) 5 o oo el b 3 (35500551 5 &l 25) Sy SLe
@l .05)5 lale g8 )3 il opl Hlade Lials el ogus a5 oly LES yol ol g cusly (o)l dme OMST aals 4 o
¥l manls (p<e/+8) 39 wald 4 s jlos plaale dsglSgigml gaw )3 () gme Sy Sl BaiS
s s o8l s e a3 55 misid S (s 1505 lasless e 31y sl sige] s ke (35S
dpdise ol gl ;S5 pae g 055 el ooy o)lyd Sd b ml ol wgpgts g bl LS
S glon 3oy (o JoulS ol g5 (claygiS1 slasi > oger 318 ool 15l cow sais opl > (Witeska, 2005)
d3rg o st Sglds otplojl Clises (slalod > Jgano yoiS oolo dm ladiged > JoulS (gla et (gl gen 30
MCH 5 MCHC y5lS50n Jolis g 30,5 sloJpslS & bgsye (sl g 51 (51 9 oliwe oV - (p/-0)
el (B o o oger Wl 29 (2lo (595 1o )8 sladedS 59y 2 odlo (nl (e ST oamI LS &5 gy sl e
Job ialS el b g aisb o wlazily 15U ojluyes 4 Jlxb g o0li8 adS Jro jloss clacsl om0 a8 lic
Sadeghi and Imanpour, 2015; Javed ) ail 0030,5 595 30,8 5 Mtuo (slaJoudS o 50 iul3dl g 50,8 sla JoulS jas
s yeS6 e cp YL e (et al., 2016; Yuan et al., 2017; Barakat et al., 2024; de Oliveira et al., 2024
Jslw 95 2 )3 3ol ) Cwipen A8 edalie N Jlegd )3 50)8 (o JsdS (e 5 (JoulS bawgie clald 5 oy Soilon
Sl Laie 13l )] pogie g 5 3wl LC5096 h 5l asys 00 5 Y0 b slackle > gall & gy Sl 2l Se
2 oo 315 egw b e obyon oliale 53 slapadld g 118 8T L bl )3 endpll Cliios (sladidly g 09
Sadeghi and ) cuwl od9e5 Aol o 518 (oyme 3 ale Gae Vob 43,5 (15 g |y abe Sov slaJohe
Olild pl oli8len 5l yesS” et g Ady slayadli yoge Sl b5, p&a (Imanpour, 2015; Hong et al., 2020

Verep et al., 2007; ) ui oanlin b Légye § blawsad Moyd 5 wolSsen Clale o)d sl JoulS ol ials 5
Vieira et al., 2009; Hedayati and Safahieh, 2012; Sadeghi and Imanpour., 2015; Rahimikia et al., 2016;
4 S005) og YU cdale (o5 b j> (Yuan et al, 2017; Barakat ef al., 2024; de Oliveira et al.,2024

A (Cyprius carpio) je.8 alo (95 )0 CuSeilod Jopd g (wglSsen clale (ials” cel, (LC5096 h
s 4y o) e D MBSl dlawslgdy Klgs o Sl ol 45 €S g5 oo sl cligios  wlal 5
O obale > uiss gols (Witeska, 2005; Naz ef al., 2021) il jlaidyge 6 cdale b ol 8,5 )18 (5 ,
05> 38 5 y%e )0 5 el 8 ey (Clarias gariepinus) aloas 3 5 (sl 0,8 108 2lo ¢ Joaro j5uS" Jolds oy yuid
Guedenon et al., 2012;) 5)l> Slgean saios cpl mls b oS 035 o Soilon 9 uslSoed mdaw (ials 4 yoxis
ol @iz lale )5 sudplodl wlalllas L(Abedi et al., 2012; Hedayati et al., 2013; Rahimikia ef al., 2016
Witeska, 2005; Barakat ) aa o5 Jo> Jokw g9 93 2 3 1) Js sl jadli cul Sae pSiaw l318 &S aad o
5,8 o)Ll e o 3,5 o Seilen polie LialS el oge 38 s oyl ) (et al, 2024; de Oliveira et al., 2024


http://dx.doi.org/10.61882/JAquaEco.15.2.54
http://jae.hormozgan.ac.ir/article-1-1150-en.html

[ Downloaded from jae.hormozgan.ac.ir on 2026-07-03 ]

[ DOI: 10.61882/JAquUaEC0.15.2.54 ]

1FeF oF ol 61D ojjd‘dél;g/'wvuﬁ}g 7Y

ol 3 S 3| mly S g sla b JSGb st 5 alS ehyad & sl gad 5 o Slan olizn 2 ialS 85
Sliow ol Jolgs 4 Zuly 33 o5 Mt sbd JsdS )33l (Guedenon ef al., 2012; Hedayati ef al., 2013) cul
{Li et al., 2010; Hong et al., 2020) 1L o 3w Sl318 Coomw dlas il slowd (S oo o acsgac  Jold caliee
iy iU 48 ool ogen diile _oliewd dlge & b LESTy SO yen dier (b Joko Sl 2l b a8l )l
&S 9> 50 melSsen clale ialS’ (Maheswaran et al., 2008; Javed et al., 2016) 51> o byl cov giay
i Aol b Se3 S oaimdlis 50 o 3eST (ialS miscen g 29 00 Sl b il ow Il 13T s 4 Veno
(Lietal, 2010 ; Chen et al., 2023) cul alo ;3 02bF, s

S 15 Sogl i 5 Jpmsn 555 ble d LWl dioyd 5 0y sl gl iy 5] sdelunsy ol
o Jlb elle )3 oyl 4 ey (Shg w9 ol iyl (ale (sl S Sl3lb sla Sogll ol (L) o
Lais 4y g 3,0l 000 €S a1y (6531 28D g6 9o Jg3sinsS @b Gl oo oS Cal ogaligen oo
5 392y s ol canliali S alon ) gl oyl (SIS e (Tl 553 JgiysS e S on S g ol
Wby e HaalS da g low a4 Cumlus iol38l 51,0 Glali el polis ©ygods Jg5u5,65 Hiul38l bl oo ]38l pSiw
2 Sl K> Byl 5l (Naz ef al., 2021) d5i 0 (sl 6l5iwd 058 po hito o oS Wlgi als o yisl3dl
G ol i 9 g S (5 G825 ) S phlicudS p Sl el il (glaoan VT 51 3L St sla el
alie gass 40 (Seibel ef al., 2021) s34 0 b ale (Sailojl doyd g by doyd Hials 4 joxie a5 235 o 2le
i bwy  polie zls (El-Greisy and El-Gamal, 2015 ¢ Jezierska ef al., 2009) 1,5,5 lale a5u CuoS
wlyis gt ola Sinsd 3,5 wyp |y Jgeme 105 9,Y (69, 09> 1,lS 136 (V< +0) Lugowska el cuwd 4 3>
dunsS o 3l e Colpd )0 5 ails adw g Ld & (o8 lag )Y wd o el &5 5,8 saaliie |y s (sla g lmials g po laas
$oyY 4%19‘ Jole 5o o g lxials u‘)...,o w]p‘ 9 TS u')“ u,uJblf VSV S co.ﬂ 2 oMo Ll odalie  Jgeme
poS sk <IN (YL Gl (5 ym0 55 (5585 )18 51 g ol 055 1 0l 9)Y )3 oS (sliowil g 03,5 S 0 (il ol
and El-Greisy 4 (Y++¥) Lugowska 5 Witeska lawg  olis zols (Barakat et al., 2024) 45,5 HgCI2 ) »»
2 09 2l 80 51 Bl 1y Jgene 5008 slaes el g 055 51 0 3L 45 008 (315 5o (¥4)0) El-Gamal
sialS ) S il il e il Jgene 598 e iy (slaadls poge 1l Sagll golie lisdss )
; Dhanapakiam and Ramasamy, 2001; ) 1)l ids ai ) 5,Sles yialS 5 g les Jolss a4y Cuoglie yials o sl pdaw
ooyl 2 o l3ls 4slS clid>s ) (Atamanalp ef al., 2011; Barakat ef al., 2024 Witeska, 2005
S D138 3T pate 23,5 (hyan SBASS 13 by £ g oabpan sl line LialS dpidl o ialS ey
b b o i S 500 B ) g2 63 5 B gy b liE i s Sl 5 o5 e el
Balali-Mood et al., 2021; Briffa and Blundell, 2020; Farombi ez al., 2007 ) cusls Lo ol jl saiaiss 5Ll
) g ausly oy el Copte 1 oo i g Jro S <l cla Sogll 5 B a8 ol ool oyl clisss
.(Barakat e al., 2024) s> o idlS g lon blis o 1) lale cuoglio o 0y 5, Slas s iss

S 2 AR


https://www.frontiersin.org/journals/environmental-science/articles/10.3389/fenvs.2022.919204/full#B32
https://www.frontiersin.org/journals/environmental-science/articles/10.3389/fenvs.2022.919204/full#B44
https://www.frontiersin.org/journals/environmental-science/articles/10.3389/fenvs.2022.919204/full#B70
http://dx.doi.org/10.61882/JAquaEco.15.2.54
http://jae.hormozgan.ac.ir/article-1-1150-en.html

[ Downloaded from jae.hormozgan.ac.ir on 2026-07-03 ]

[ DOI: 10.61882/JAquUaEC0.15.2.54 ]

4l O g (oS ET | kit sloaslis  (HECI2) oguz wy JS 53l

[ 15 5 e +/A) LC30P ke 1090+ 5 Y0 - (saelalé b o 3015 dgnln 48 s (U5 3o oyl §) ool ol
S5 (e ) (Sailesls dio)3 5 435 d) (ol (s> SloaLE o 53 il Sl Jgano 98 alo 4 by
295 (plo 4 48 3 Slas il djg )l Jolgs 4 Coglio alS ¢ o] aw Al 4 oo B0 cpl )3 09> 53
olo Jl i dawlgey Ll alid 05005 4 SIS () 3955 G Gliple )3 (S Sl reo S0 Bk L3S Jgene
pas jl oS cusl (gy9p0 bl 9 pllo (olo (o3baidl adgs (ol ol by 3l Hlad e |y s Do Wlg5 o S 355 e

25 Jols lisabol o 515 4 Jgeno 58 alo d Sy ol (529

S swlow
pole (higel oy (655lome S olislesl (LSS aslus o (5)Sen jl dlie ) (5,15 5 Gaios plxl 0 (Bany

O ol e JS o)l pbp] Ghagn 5 585 Cglan 5 g SIS (il aeyje o) 5 o SasS ljpee (S
20,5 o 13,08 dluwg pds & Wlosd )5 Koo o

References

Abdel-Warith, A.W.A., Younis, E.S.M., Al-Asgah, N.A., Abd-Elkader, M.O. and Elsayed, E.A., 2020.
Effects of sub-lethal lead nitrate and copper sulfate concentrations on hematological parameters
during long-term exposure in Nile tilapia (Oreochromis niloticus). Journal of Scientific &
Industrial Research. 79 (5), pp. 437—441.

Abedi, Z., Khalesi, M., Kohestan Eskandari, S. and Rahmani, H., 2012. Comparison of lethal
concentrations (LC50-96 h) of CdCI2, CrCl3, and Pb (NO3) 2 in common carp (Cyprinus
carpio) and Sutchi Catfish (Pangasius hypophthalmus). Iranian Journal of Toxicology, 6(18),
pp-672-680. (In Persian).

Adewumi, B., Ogunwole, G.A., Akingunsola, E., Falope, O.C. and Eniade, A., 2018. Effects of sub-
lethal toxicity of chlorpyrifos and DDforce pesticides on haematological parameters of Clarias
gariepinus. International Research Journal of Public and Environmental Health, 5(5), pp. 62—
71. http://dx.doi.org/10.15739/irjpeh.18.010

Akter, M.S., Ahmed, M.K., Akhand, M.A. and Islam, M.M., 2008. Acute toxicity of arsenic and mercury
to fresh water climbing perch, Anabas testudineus (Bloch). World journal of Zoology, 3(1),
pp-13-18.

AOAC., 2005. Official Methods of Analysis (18th ed.). Maryland, USA: Association of Official
Analytical Chemists International.

Atamanalp, M., Aksakal, E., Kocaman, E.M., Ucar, A., Sisman, T. and Turkez, H., 2011. The alterations
in the hematological parameters of rainbow trout, Oncorhynchus mykiss, exposed to cobalt
chloride. Kafkas ~ Universitesi ~ Veteriner  Fakiiltesi  Dergisi, 17(1). 17:  S73-S76.
http://dx.doi.org/10.9775/kv{fd.2010.3393

Balali-Mood, M., Naseri, K., Tahergorabi, Z., Khazdair, M.R. and Sadeghi, M., 2021. Toxic
mechanisms of five heavy metals: mercury, lead, chromium, cadmium, and arsenic. Frontiers
in pharmacology, 12, p.643972. https://dx.doi.org/10.3389/fphar.2021.643972

Barakat, R.O., El Gamal, S.A. and Elgamal, A.E.H.E., 2024. Toxic Effects of Mercuric Chloride
(HgCl12) on the Common Carp (Cyprinus carpio) Larvae and Recovery Using Selenium and
Vitamins. Egyptian Journal of Aquatic Biology and Fisheries, 28(3), pp.1043-1062.
https://dx.doi.org/10.21608/ejabf.2024.361144

Bazoogh Hassan Sarai, D., Tizkar, B., Avakh, M. and Ahmadi, H., 2020, Effect of stocking density on
growth and survival indices of common carp fry (Cyprinus carpio Linnaeus, 1758) in fiberglass
ponds, Journal of Animal Environment, 12(4), pp.285-292.
https://dx.doi.org/10.21608/ejabf.2024.361144 10.22034/AEJ.2020.131170 (In Persian).

Briffa, J., Sinagra, E. and Blundell, R., 2020. Heavy metal pollution in the environment and their
toxicological effects on humans. Heliyon, 6(9). e04691.
https://dx.doi.org/10.1016/i.helivon.2020.e04691



http://dx.doi.org/10.15739/irjpeh.18.010
http://dx.doi.org/10.9775/kvfd.2010.3393
https://dx.doi.org/10.3389/fphar.2021.643972
https://dx.doi.org/10.21608/ejabf.2024.361144
https://dx.doi.org/10.21608/ejabf.2024.361144%2010.22034/AEJ.2020.131170
https://dx.doi.org/10.1016/j.heliyon.2020.e04691
http://dx.doi.org/10.61882/JAquaEco.15.2.54
http://jae.hormozgan.ac.ir/article-1-1150-en.html

[ Downloaded from jae.hormozgan.ac.ir on 2026-07-03 ]

[ DOI: 10.61882/JAquUaEC0.15.2.54 ]

1FeF oF ol 61D ojjd‘dé)g/'wvuﬁ}g ¥

Celik E. S., Kaya H., Yilmaz S., Akbulut M. and Tulgar A. 2013. Effects of zinc exposure on the
accumulation, haematology and immunology of Mozambique tilapia, Oreochromis
mossambicus. African Journal of Biotechnology, 12(7): 744-753.
https://dx.doi.org/10.5897/AJB12.1408

Chen, C.Z., Chai, Y., Wang, Y.J., Li, P., Liu, L. and Li, Z.H., 2023. Physiological and molecular
responses in the silver carp (Hypophthalmichthys molitrix) larvae after acute mercury
exposure. Environmental Science and Pollution Research, 30(17), pp.49760-49770.
https://dx.doi.org/10.1007/s11356-023-25842-8

de Oliveira Novaes, E., de Oliveira, A.T., Araruna, L.T., de Souza, J.S., de Pinho, J.V., de Almeida
Rodrigues, P., Vieira, I.R.S. and Conte-Junior, C.A., 2024. Mercury Levels in the Worldwide
Farmed Fish: A Systematic Review. Biological Trace Element Research, pp.1-15.
https://dx.doi.org/10.1007/s12011-024-04493-x

Dethloff, G.M., Schlenk, D., Khan, S. and Bailey, H.C., 1999. The effects of copper on blood and
biochemical parameters of rainbow trout (Oncorhynchus mykiss). Archives of Environmental
Contamination and Toxicology, 36, pp.415-423. https://dx.doi.org/10.1007/pl00006614

Dhanapakiam, P. and Ramasamy, V.K., 2001. Toxic effects of copper and zinc mixtures on some
haematological and biochemical parameters in common carp, Cyprinus carpio (Linn). Journal
of Environmental Biology, 22(2), pp.105-111. https://dx.doi.org/10.3923/jfas.2015.337.346

El-Greisy, Z.A. and El-Gamal, A.H.A., 2015. Experimental studies on the effect of cadmium
chloride, zinc acetate, their mixture and the mitigation with vitamin C supplementation on
hatchability, size and quality of newly hatched larvae of common carp, Cyprinus
carpio. Egyptian Journal of Aquatic Research, 41(2), pp.219-226.
https://doi.org/10.1016/j.ejar.2015.03.007

Farombi, E.O., Adelowo, O.A. and Ajimoko, Y.R., 2007. Biomarkers of oxidative stress and heavy
metal levels as indicators of environmental pollution in African cat fish (Clarias gariepinus)
from Nigeria Ogun River. International journal of environmental research and public
health, 4(2), pp.158-165. https://dx.doi.org/10.3390/ijerph2007040011

Fazio, F., 2019. Fish hematology analysis as an important tool of aquaculture: a
review. Aquaculture, 500, pp.237-242.
https://dx.doi.org/10.1016/J.,AQUACULTURE.2018.10.030

Feldman B.F., Zinkl J.G. and Jain N.C., 2000. Schalm's Veterinary Hematology, Blackwell Pub, 5th

edition, ISBN-13: 978-0683306927.1344 p.

Folmar, L.C., 1993. Effects of chemical contaminants on blood chemistry of teleost fish: a
bibliography and synopsis of selected effects. Environmental Toxicology and Chemistry: An
International Journal, 12(2), pp.337-375.

Guedenon, P., Edorh, A.P., Hounkpatin, A.S.Y., Alimba, C.G., Ogunkanmi, L.A., Nwokejiegbe,
E.G. and Boko, M., 2012. Acute toxicity of mercury (HgCI2) to African Catfish, Clarias
gariepinus. . Res. J. Chem. Sci. 2(3), 41-45.

Haux, C. and Larsson, A., 1984. Long-term sublethal physiological effects on rainbow trout, Salmo
gairdneri, during exposure to cadmium and after subsequent recovery. Aquatic toxicology, 5(2),
pp-129-142. https://dx.doi.org/10.1016/0166-445X(84)90004-3

Hedayati, A. and Safahieh, A., 2012. RETRACTED: Serum hormone and biochemical activity as
biomarkers of mercury toxicity in the yellowfin seabream Acanthopagrus latus. Toxicology and
Industrial  health, 28(4), pp.306-319.  https://dx.doi.org/10.4172/2161-0495.1000156(in
Persian).

Hedayati, A., Jahanbakhshi, A., Shaluei, F. and Kolbadinezhad, S.M., 2013. Acute toxicity test of
mercuric chloride (Hgcl2), lead chloride (Pbcl2) and zinc sulphate (Znso4) in common carp
(Cyprinus carpio). Journal of Clinical Toxicology, 3, pp.156-163.
https://dx.doi.org/10.4172/2161-0495.1000156 (in Persian).

Hedayati, A., Jahanbakhshi, A., Shaluei, F. and Kolbadinezhad, S.M., 2013. Acute toxicity test of
mercuric chloride (Hgcl2), lead chloride (Pbcl2) and zinc sulphate (Znso4) in common carp
(Cyprinus carpio). https://dx.doi.org/10.4172/2161-0495.1000156



https://dx.doi.org/10.5897/AJB12.1408
https://dx.doi.org/10.1007/s11356-023-25842-8
https://dx.doi.org/10.1007/s12011-024-04493-x
https://dx.doi.org/10.1007/pl00006614
https://dx.doi.org/10.3923/jfas.2015.337.346
https://doi.org/10.1016/j.ejar.2015.03.007
https://dx.doi.org/10.3390/ijerph2007040011
https://dx.doi.org/10.1016/J.AQUACULTURE.2018.10.030
https://dx.doi.org/10.1016/0166-445X\(84\)90004-3
https://dx.doi.org/10.4172/2161-0495.1000156
https://dx.doi.org/10.4172/2161-0495.1000156
https://dx.doi.org/10.4172/2161-0495.1000156
http://dx.doi.org/10.61882/JAquaEco.15.2.54
http://jae.hormozgan.ac.ir/article-1-1150-en.html

[ Downloaded from jae.hormozgan.ac.ir on 2026-07-03 ]

[ DOI: 10.61882/JAquUaEC0.15.2.54 ]

70 O g (oS ET | kit sloaslis  (HECI2) oguz wy JS 53l

Hlavova, V., 1993. Reference values of the haematological indices in grayling (Thymallus thymallus
Linnaeus). Comparative Biochemistry and Physiology Part A: Physiology, 105(3), pp.525-532.
https://doi.org/10.1016/0300-9629(93)90429-8

Hong, Y.J., Liao, W., Yan, Z.F., Bai, Y.C., Feng, C.L., Xu, Z.X. and Xu, D.Y., 2020. Progress in the
research of the toxicity effect mechanisms of heavy metals on freshwater organisms and their
water quality criteria in China. Journal of chemistry, 2020(1), p.9010348. 1-12.
https://dx.doi.org/10.1155/2020/9010348

Hsu, P.C. and Guo, Y.L., 2002. Antioxidant nutrients and lead toxicity. Toxicology, 180(1), pp.33-
44. https://dx.doi.org/10.1016/s0300-483x(02)00380-3

Islam, S.M., Rohani, M.F., Zabed, S.A., Islam, M.T., Jannat, R., Akter, Y. and Shahjahan, M., 2020.
Acute effects of chromium on hemato-biochemical parameters and morphology of erythrocytes
in striped catfish Pangasianodon hypophthalmus. Toxicology Reports, 7, pp.664-670
https://dx.doi.org/10.1016/j.toxrep.2020.04.016

Iwama, G. and Nakanishi T., 1996. The fish immune system. Academic Press, London. Chapter 3:
innate Immunity in fish, 73-114.

Javed, M., Ahmad, 1., Ahmad, A., Usmani, N. and Ahmad, M., 2016. Studies on the alterations in
haematological indices, micronuclei induction and pathological marker enzyme activities in
Channa punctatus (spotted snakehead) perciformes, channidae exposed to thermal power plant
effluent. SpringerPlus, 5, pp.1-9. https://dx.doi.org/10.1186/s40064-016-2478-9

Jezierska, B., Lugowska, K. and Witeska, M., 2009. The effects of heavy metals on embryonic
development of fish (a review). Fish physiology and biochemistry, 35(4), pp.625-640.
https://dx.doi.org/10.1007/s10695-008-9284-4

Kohlmann, K., Gross, R., Murakaeva, A. and Kersten, P., 2003. Genetic variability and structure of
common carp (Cyprinus carpio) populations throughout the distribution range inferred from
allozyme, microsatellite and mitochondrial DNA markers. Aquatic Living Resources, 16,
pp-421-431. https://dx.doi.org/10.1016/S0990-7440(03)00082-2

Lawrence, M.J., Raby, G.D., Teffer, A.K., Jeffries, K.M., Danylchuk, A.J., Eliason, E.J., Hasler,
C.T., Clark, T.D. and Cooke, S.J., 2020. Best practices for non-lethal blood sampling of fish via
the caudal vasculature. Journal of Fish Biology, 97(1), pp.4-15.
https://dx.doi.org/10.1111/ifb.14339

Li, P, Feng, X. and Qiu, G., 2010. Methylmercury exposure and health effects from rice and fish
consumption: a review. International journal of environmental research and public health, 7(6),
pp.2666-2691. https://dx.doi.org/10.3390/ijerph7062666

Luczynska, J., Paszczyk, B. and Luczynski, M.J., 2018. Fish as a bioindicator of heavy metals
pollution in aquatic ecosystem of Pluszne Lake, Poland, and risk assessment for consumer's
health. Ecotoxicology and environmental safety, 153, pp-60-67.
https://dx.doi.org/10.1016/j.ecoenv.2018.01.057

Maheswaran, R., Devapaul, A., Muralidharan, S., Velmurugan, B. and Ignacimuthu, S., 2008.
Haematological studies of fresh water fish, Clarias batrachus (L.) exposed to mercuric
chloride. International Journal of Integrative Biology, 2(1), pp-49-54.
https://doi.org/10.1016/j.aquaculture.2021.737498

Majharul Islam S. M., Rohani M. F., Zabed S. A., Islam M. T., Jannat R., Akter Y. and Shahjahan
MD. 2020. Acute effects of chromium on hemato-biochemical parameters and morphology of
erythrocytes in striped catfish, Pangasianodon hypophthalmus.Toxicology Reports 7: 664—670.
https://dx.doi.org/10.1016/j.toxrep.2020.04.016

Mazid, M.A., Zaher, M., Begum, N.N., Ali, M.Z., Nahar, F., 1997. Formulation of cost-effective
feeds from locally available ingredients for carp polyculture system for increased
production. Aquaculture 151, pp.71-78. https://dx.doi.org/10.1016/S0044-8486(96)01504-9

Moffitt, C. M., Cajas-Cano, L., 2014. Blue growth: the 2014 FAO state of world fisheries and
aquaculture. Fisheries 39(11), pp. 552-553. https://doi.org/10.1080/03632415.2014.966265

Nagz, S., Hussain, R., Ullah, Q., Chatha, A.M.M., Shaheen, A. and Khan, R.U., 2021. Toxic effect of
some heavy metals on hematology and histopathology of major carp (Catla



https://doi.org/10.1016/0300-9629\(93\)90429-8
https://dx.doi.org/10.1155/2020/9010348
https://dx.doi.org/10.1016/s0300-483x\(02\)00380-3
https://dx.doi.org/10.1016/j.toxrep.2020.04.016
https://dx.doi.org/10.1186/s40064-016-2478-9
https://dx.doi.org/10.1007/s10695-008-9284-4
https://dx.doi.org/10.1016/S0990-7440\(03\)00082-2
https://dx.doi.org/10.1111/jfb.14339
https://dx.doi.org/10.3390/ijerph7062666
https://dx.doi.org/10.1016/j.ecoenv.2018.01.057
https://doi.org/10.1016/j.aquaculture.2021.737498
https://dx.doi.org/10.1016/j.toxrep.2020.04.016
https://dx.doi.org/10.1016/S0044-8486\(96\)01504-9
https://doi.org/10.1080/03632415.2014.966265
http://dx.doi.org/10.61882/JAquaEco.15.2.54
http://jae.hormozgan.ac.ir/article-1-1150-en.html

[ Downloaded from jae.hormozgan.ac.ir on 2026-07-03 ]

[ DOI: 10.61882/JAquUaEC0.15.2.54 ]

1FeF oF ol 61D ojjd‘dé)g/'wvuﬁ}g 44

catla). Environmental science and pollution research, 28, pp.6533-6539.
https://dx.doi.org/10.1007/s11356-020-10980-0

Rahimikia, E., Vali, S., Akbary, P. and Jahanbakhshi, A., 2016. Determination of lethal
concentration of mercuric chloride (HgCI2), chloride lead (PbCl2) and zinc chloride (ZnCl2) in
silver carp (Hypophthalmichthys molitrix). Experimental animal Biology, 5(1), pp.23-29.(in
Persian)

Rand, G.M. ed., 1995. Fundamentals of aquatic toxicology: effects, environmental fate and risk
assessment. CRC press. Washington D. C. USA. 1125 p.

Sadeghi, A., & Imanpour, M. R. (2015). Acute toxicity of mercuric chloride (HgCI2), lead chloride
(PbCl2) and zinc sulfate (ZnSO4) on silver dollar fish (Metynnis fasciatus).

Seibel, H., Bamann, B. and Rebl, A., 2021. Blood will tell: what hematological analyses can reveal
about fish welfare. Frontiers in Veterinary Science, 8, p.616955.
https://dx.doi.org/10.3389/fvets.2021.616955

Svobodova, Z., Vykusova, B., Machova, J., Miiller, R. and Lloyd, R., 1994. Sublethal chronic
effects of pollutants on freshwater fish. R. Muller ir R. Lloyd. Lugano, pp.39-52.

Tacon, A.G., 2020. Trends in global aquaculture and aquafeed production: 2000-2017. Reviews in
Fisheries Science & Aquaculture, 28(1), pp.43-56.
https://dx.doi.org/10.1080/23308249.2019.1649634

Tchounwou, P.B., Yedjou, C.G., Patlolla, A.K. and Sutton, D.J., 2012. Environmental
toxicology. Molecular, clinical and environmental toxicology, Experientia Supplementum, 3,
pp-133-164. https://dx.doi.org/10.1007/978-3-7643-8340-4 6

Teunen, L., De Jonge, M., Malarvannan, G., Covaci, A., Belpaire, C., Focant, J.F., Blust, R. and
Bervoets, L., 2021. Effect of abiotic factors and environmental concentrations on the
bioaccumulation of persistent organic and inorganic compounds to freshwater fish and
mussels. Science of the total environment, 799, p.149448.
https://dx.doi.org/10.1016/].scitotenv.2021.149448

Thrall M.A., Baker D.C., Campbell T.W., DeNicola D.B., Fettman M.J., Lassen E.D., Rebar A.
and Weiser G. 2004.Veterinary Hematology and Clinical Chemistry. Willey, 2004, ISBN:
0781768500, 9780781768504, 618 p.

Vander Oost, R., Beyer, J. and Vermeulen, N.P., 2003. Fish bioaccumulation and biomarkers in
environmental risk assessment: a review. Environmental toxicology and pharmacology, 13(2),
pp.57-149. https://dx.doi.org/10.1016/s1382-6689(02)00126-6

Verep, B., Besli, E.S., Altinok, 1. and Mutlu, C., 2007. Assessment of mercuric chloride toxicity on
rainbow trouts (Oncorhynchus mykiss) and chubs (4/burnoides bipunctatus). Pakistan Journal
of Biological Sciences: PJBS, 10(7), pp.1098-1102.
https://doi.org/10.3923/pjbs.2007.1098.1102

Vieira, L.R., Gravato, C., Soares, A.M.V.M., Morgado, F. and Guilhermino, L., 2009. Acute effects
of copper and mercury on the estuarine fish Pomatoschistus microps: linking biomarkers to
behaviour. Chemosphere, 76(10), pp.1416-1427.
https://doi.org/10.1016/j.chemosphere.2009.06.005

Vosyliene, M.Z., 1999. The effect of heavy metals on haematological indices of fish (survey). Acta
Zoologica Lituanica, 9(2), pp.76-82. https://doi.org/10.1080/13921657.1999.10512290

Witeska, M. and Lugowska, K., 2004. The effect of copper exposure during embryonic
development on deformations of newly hatched common carp larvae, and further
consequences. Electronic Journal of Polish Agricultural Universities. Series Fisheries, 7(2)

Witeska, M., 2005. Stress in fish-hematological and immunological effects of heavy
metals. Electronic journal of ichthyology, 1(1), pp.35-41.

Witeska, M., Kondera, E., Lugowska, K. and Bojarski, B., 2022. Hematological methods in fish—
Not only for beginners. Aquaculture, 547, p.737498.
http://dx.doi.org/10.1016/j.aquaculture.2021.737498

Yuan, D., Huang, L., Zeng, L., Liu, S., He, Z., Zhao, M., Feng, J. and Qin, C., 2017. Acute toxicity
of mercury chloride (HgC12) and cadmium chloride (CdCI2) on the behavior of freshwater fish,



https://dx.doi.org/10.1007/s11356-020-10980-0
https://dx.doi.org/10.3389/fvets.2021.616955
https://dx.doi.org/10.1080/23308249.2019.1649634
https://dx.doi.org/10.1007/978-3-7643-8340-4_6
https://dx.doi.org/10.1016/j.scitotenv.2021.149448
https://dx.doi.org/10.1016/s1382-6689\(02\)00126-6
https://doi.org/10.3923/pjbs.2007.1098.1102
https://doi.org/10.1016/j.chemosphere.2009.06.005
https://doi.org/10.1080/13921657.1999.10512290
http://dx.doi.org/10.1016/j.aquaculture.2021.737498
http://dx.doi.org/10.61882/JAquaEco.15.2.54
http://jae.hormozgan.ac.ir/article-1-1150-en.html

[ Downloaded from jae.hormozgan.ac.ir on 2026-07-03 ]

[ DOI: 10.61882/JAquUaEC0.15.2.54 ]

v

O g (oS ET | kit sloaslis  (HECI2) oguz wy JS 53l

Percocypris pingi. International Journal of Aquaculture and Fishery Sciences, 3(3), pp.066-
070. https://dx.doi.org/10.17352/2455-8400.00003 1



https://dx.doi.org/10.17352/2455-8400.000031
http://dx.doi.org/10.61882/JAquaEco.15.2.54
http://jae.hormozgan.ac.ir/article-1-1150-en.html
http://www.tcpdf.org

