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Figure 1: Results of liquid phase chromatography Identification of prostaglandins in ovarian extract of Sparidentex
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Figure 2: Male testis of Sparidentex hasta after 24 hours immersion exposed with pheromone extract (concentration
of 15 mg/ I). The testicles are enlarged and sperm fluid is visible with slight pressure.
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Figure 3: Comparison of gonadal growth index (somatic gonadal) in different treatments
(Different English letters indicate a significant difference at the level of 5%0)

Yid

a
a
\/
b
+
CTRL PG

-

&

-

Testosterone(ng/ml)

a
a I I
T1 T2 T3

Treatments

g gyl )0 (Fume (Blo yi e )0 (9w gt g Al JSCS
(Wbl o0 w0 yd B mhaw jo lolze BB 5959 ouddd (Lid Calie (cwadSl B9 >)

Figure 4: Comparison of testosterone levels in males and females of Sparidentex hasta in different treatments
(Different English letters indicate a significant difference at the level of 5%)
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Figure 5: Comparison of sperm motility in different treatments
Different English letters indicate a significant difference at the level of (5%)
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Figure 6: Comparison of sperm motility in different treatments
Different English letters indicate a significant difference at the level of (5%)
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oyl 59x 9 e Wy S com S 5ba
335 (oo waz Jod Sloml o i Cuiise sl abosy e
slageg,d 3929 (SOrensen and Stacey, 1999)
@ @l sloaiss alox 5l g baseS 5l (g )lews )5 (i
Losey, ) <l sais 5,135 Hypsoblennius ..
Macropodus  le oL L Paradise fish
as,S 13 adllhe 5,50 9 oluls opercularis
aS Cowl oy colb 039, (Villars et al., 1985) il
OB il oo i nadliTling i lageg
Ll Jgl ods roail asls (bl Jie adgs jo ol
e &5 Sl (rdge igey90 loie a3 Sles 5
& pgs GR35 o ol JsSilh S a
SrupS ayld, S g HeVagl loy Sl
a2l 5o 9098 Olyie a Wil pom (2B 5 o)l (3las
boijo y iz ;0 (gmiz glo)lid) SO g (Sanw,
«(Sorensen and Goetz, 1993) 55,5

P okele (ool (235l 50y eSS slaanlp
03292 g GlPl cow I Gee j0 g Wl SIS

This PDF document was edited with Icecream PDF Editor.
Upgrade to PRO to remove watermark.

Ngame Ban gy Woli Ll 5 Cuxes o,
obale 9@l Cato b sl 0a3 5 Coge oy
slaplojle 5 1)5aS 4z g5 990 5 Wl (A5 (2L
A 8 el 5 il Condy g 5o Joiee Sz
2o gl 0y ()b gl (oo (Suro (Bl oS
sleel 6055 Cal oy ool w1525 ol slanl
oo e 3l Boes 5 Cenl o kol 5 Boc o5 dolo
Ol shls (e (oale oS (oo i pliwgy S
20l Gosn 9 5SS g sl oogy (D 5 (solal
N5 n 2B ol 5l )l el aile slaysls
Doy 9 =S5 auls (Hussain et al., 1981) ..l
51aS canl ()5 g (A3 Is samie Jelge 4y aasly bl
5 Sgdnid et G &5 (2 Jelse alex
idlboe lapygegd w35 o0 Wge plale 5 (5013,
Bl a5 SISl (S el oo
26 a5 el cpl &S el ploy (JIg )0 lagygeg
2 (S Oliglr Sy p (2 g Al Jalse
9 S 5l Jre adgi 50 Fee slagygeg b Jle sl
Sl Jlisay |y yge9,8 oaisS cdly o jgil> adlin oaims

A


https://icecreamapps.com/PDF-Editor/upgrade.html?v=2.50&t=9

Fe R Ve ol e ale e

OlaSy F gl esliiul Wy e led cpge )]
2gy gy 33 (PGF200) Loy aidS gy yolai Sgeg 8
obele glgil o T ppl ol (Faw; 5 65
Moore and Waring, 1996; ) s ls 545  Slsseinl
4 S sle sl ewsd Ysens (Yabuki et al., 2016
Pl o515 Gl sl Olol 5 @ ST lse
ao ) Yl ols adlhas jo 0gd colaiul Wl o
Ol 4 baye jled g el jled o o Sele sl
el Ceddy 9098 (5l o jlas 593 (n

wisls sl (143F) ) Sen 4 Stacey a5 adss o
I dols Sgeg,s Sl 5 g baoylas 45 Wit S as
sl B 5golS mh 5 p wlge osle lale 0l
B S sdsangisl 5L LH (9e,90 0500 5 FSH
(Stacey et al., 1986; Stacey et al., 1994 ) s 13%,
5 099R S e ol e ojlas
L':’"M 6[.%0)@ euoB )5.‘0 LSRRI u.’du)lft.wj).:
5 el slaggeyee gl lls lals
5 stte s sy Ll 53l &S 00 Lagnaidllisy
Gk 5l e Glpgee e Sl
Srodi S 5 (Swmgy 90lS sladobe n laads il
odpmsy Sl 4 WS rdge slapigaysn Olsie 4 adn
se>9 (Sorensen and Goetz, 1993) col
s Wl b s ol o i glagsesd
@ oddgells oolgls laaiss glal o pwim sba,ld,
el wlad=s o (Honda, 1982) ol oo, oL
Ol a4 lenpaidiling y oliae (Bl g9dge oo
SS9 OMheSS (eSS anlp (b i (955
Cetta ) Cnl 0dun ul.u‘ L ).JM ASJ).?U )I (5""‘["
«@and Goetz, 1982

o, Ll lale 10l 4o laygeg9,8 3959 4 (VAAY) Honda
4 (V290) o Kea 4 Appelt T Jlis a4 4 culs
0309 Olgie 4 olale )0l 50 lapaidliling p 3525
lr logeg b 5l plabe 5l 65l W3y (o (Lo g
Dges gilway phai e oy gle wwld Slejes

2 Capacitation
ﬂ

This PDF document was edited with Icecream PDF Editor.
Upgrade to PRO to remove watermark.

Oz (Wyatt, 2014) wigi o 5 >, LH
5 (PGF20) (naidllivyy ol alagges b sslule,
58 Pl osle iz ol Bk ) ol sleednle
$ly 2l 5 > > o «(Carassius auratus)
(Appelt and Sorensen, 2007) ss 5 o Jio ol
Ol Ol 4 (WWAN) glw) 5 coe
0l (IS 5 Jyene j5eS Ol jo Zu S gl sl
osle oole b ouls ools apxlee 5 lale b avslin jo
obale 5| 50 Gges p3b Sk el cnl isgad oLl
ox5 38 Jloil 5 5 oale e adgs olSiws ool
55 S S glogpl Gliee (125 T & 41 g oyl 0095
o plol Slidos ,o .l 009 osbe lale & gl
e 0 oShgas ole 5 oS ile gl Olie
L aS WS cud sy YEIOA (mlpgsl Goy5) lews
55 ably Ol 2 b g it alal) oyl sl
o b odize (VWA ) San 5 ol3ic,0) cuils
2 030958 Olye 4 Ll Sl 5 b aidiSbisy 556
» Salmo salar) ;sells ale Lo oJgs slo S5
Gl gag s b ale el o o il
Geix s (Moore and Waring, 1996) sl
Bl ojlac )0 d9rse slagsesp o5z Sl ol
Al oo spme Bl loess

@hls a5 T3 jles ;o CoSgilopul Gliee (eizon
S9% I 1) Hlade (ST g (Sgegp o515 (nuie
5 oo b ol 38 Lo 4 Yl as ols las
L agzlye 51 o el (2l 3looslel sl ol 655
Sla (Ye+V) Young 5 King .cosl eog (ygeg,d
a,208 —17 dihydroxy -4 — 59,0l OlS 5
gonadotropin releasing ;s 4 pregen -3 — one
ol g ppml o> Olxs ,» hormone analog
255,8 0,Ll Y 6T Gayb 5l eyl ol sslwoclel
weyar ;0 (V1)) o Ken 5 Cabrita |, goo50 !
@l osle iz ol 0 352 9e slaggesp 36
Senegalese sole (S. senegalensis) b ,s s

33503 D31 525 p sl @ 9 Co S ile el Sl

! Miltatiom


https://icecreamapps.com/PDF-Editor/upgrade.html?v=2.50&t=9

s Al (laeds s jlac sl

Q‘J&A K) U.&L;.‘.a GJ“}O’.P.;A

el ool lid Gadss ol 50 sl Cawsdy gl
clale il o b o ooabe a5 o5Ls ol sl
£ e 10 511 D) (5058 55l ojlas it sl
sl lo s S (MPGEY) paidSling, (i o
Sllow 2 S5 opl i g p S hee VO cile 50 5 0
Lol ol we,s ol cels YF 5l e lae
ojlac b pgaz o (Y++)) Sajwan 4 Bhatt z s
Barilius ol ppl cldld 5 Sl b
o9 Gbied 4 axg L ooyl calle bendelisis
Yl (e ple osle 5 5 (polge iz (S,
5 OBy a4 @by S glaye
shoslitul onlply 09d oo Joomd (bl GBS 225
Slojer 10 Wi oo dpmo ool ale lawss ojlac
9 Wl SIS 6 5 iz slap el 55l d 5 5l
Dled g 1y (2l 50 plsle 355 slaol )5 2o pyoe

S0 309 g S

9 ook Siglae (6558 Cuny Axgi ol 5l alwgipay
slean;e 5l Lisu el [0 (5 500 Sl (s 5kd
00,5 go (Sl jad 5 Sis 0fg

&b

Jio adss sieam YA o ( SBlxo ooy e
Sz i denhe o)yl Slwale ST L b
PYVY (ol axly aRiils slya 4y anly

PH aslio SYAMN ) (Slawyd g .o (o>
5 5 ¥lse Doldte (it )0 (593 e s S e
235 el S gl Ll poeole W
Ol ol alze (Cyprinus carpioy  Jsexe
FE-FO(F)VY Ol
DOI:10.22092/isfj.2010.115530

SLAYAA Sl yd 9.7 HB o gh (S
YT 3 lises s alge (65 oyl Jeold
S ,>5 ,» (Oncorhynchus mykiss) LS .5,
aolilad o35 (535 iz 5 o Slenal el

Ll 5 crfcds 5 obobr bk, il
bl (b Jld slap el sl 31k 31 oo Ui
23S o ooliiwl  Spermiogenesis 4 Spermiation
Liley, 1982; Stacey et al., 1986; Stacey et al., )
(1994

o o i o ege S agygeysn Ygers
oS 5 Kidd wyy o S o sla) Lol
2 PGE200 00wy (nd50 (5090 236 (V+)Y)
sl s, «(Astatotilapia burtoni) o Moew ol
&S (nl 5o wges S ale Gl 55 oole i
5 Ol olale b olran Baae (9058 936 o> lale
o3le (leale (padliug p 52925 b (Jg W09 S jon
5 2S5 » okl hles el eols 138 (oyme )
wiols o plas 1y pwim oo,

sleasss 5l a5 (S, senegalensis) Seas ale o
P oz GxS R e o b dlioe Sisnen] mre
e v Sl laggegp g osle iz jpa o
4 o VL iy g sl x> ol S 25 000
Cabrita et al., 2011; ) wog o35 als loal
Shale fyols J13 5 oee o uien (Hubbard, 2014
W20B-VY) el slooges b psm o8 S
oole ale ,ly0l js (dihydroxy-4- pregnen-3-one
oyl S 525 S pa g el A58 Gl 4 e
Olsén (DeFraipont and Sorensen, 1993) s o
el b awlio 5 (o)n b 55 (Vo0 ) GhlSen 4
ol (oo o uadBLiwg 5 el Glaess
oyl e o &S ooy wusl,s (Salmo salar)
SV gl s (Sen sy a8 S 15 LS 5
B-dihydroxy-4-pregnen-3-one  \V.Y+ 50,02
epad 0 g Log dals sl 4 cews 17,20B8-P
3 olee opyiws  ketotestosterone-\\ o yge,ee
5 PGF2a (slagiges,p b ad S )18 oyme 0 slay
Olsén ) o svalive olo 0l 5 Slowss o,lac bylse
(etal., 2001

! Capacitation

This PDF document was edited with Icecream PDF Editor.

Upgrade to PRO to remove watermark.



https://icecreamapps.com/PDF-Editor/upgrade.html?v=2.50&t=9

T (F) Ve sl oM ale elas

response of Senegalese sole, Solea
senegalensis, males maintained in
captivity,75:1-9.
DOI:10.1016/j.theriogenology.2010.07.00
3

Cetta, F. and Goetz, F.W.M., 1982. Ovarian

and plasma prostaglandin E and F levels in
brook trout (Salvelinus fontinalis) during
pituitary-induced ovulation. Biology of
Reproduction, 27:1216-1221. DOI:
10.1016/0090-6980(83)90174-0.

Honda, H., 1982. On the female sex

pheromones and courtship behaviour in the
bitterlings Rhodeus ocellatus ocellatus and
Acheilognathus lancelolatus. Bulletin of
the Japanese Society for the Science of
Fish.

Honda, H., 1982. On the female sex

pheromones and courtship behaviour in the
salmonids, Oncorhynchus masou and O.
rhodurus. Bulletin of the Japanese Society
for the Science of Fish, 48: 47-49.
DOI:10.2331/suisan.48.47

Hubbard, P., 2014. Endocrinology applied to

aquaculture of finfish, Pheromones in
Marine Fish with Comments on Their
Possible Use in Aquaculture, Fish
Pheromones and Related Cues, First Ed.,
Edited by Peter W. Sgrensen and Brian D.
Wisenden, John Wiley and Sons, Inc., pp.
237-253.
DOI:10.1016%2Fj.ygcen.2020.113544

Hussain, N.A, Akatsu, S. and El-Zahhr, C.,

1981. Spawning, egg and early larval
development, and growth of

This PDF document was edited with Icecream PDF Editor.
Upgrade to PRO to remove watermark.

(M2 Syansil axwg ;0 g sl o
He — Y (V)Y

L.e sé)'&‘) 9 .ﬁ 66)&& s.‘ 6@'|)§ 6.& 60‘3-; G,))-C

Schizothorax zarudnyi Nikolskii, ) e

sl Giaghy alzs . geysm sl 4 guly 5o (1897
(Ol R (ol Sy alme) () (JsSIse 5 Ik
NANSARF(9)\A%
AP (Y B9S 9 & o Fwly e plye
g plale 5o Jleads (s3slsh Sausly e
YYD 928 (Dt psle Slidos
Appelt, C.W. and Sorensen, P.W., 2007.
Female goldfish signal spawning readiness
by altering when and where they release a
urinary pheromone. Animal Behaviour, 74:
1329-38.
DOI:10.1016/j.anbehav.2007.02.032
Appelt, C.W., Sorensen, P.W. and Kellner,
R.G., 1995. Female goldfish appear to
release pheromonally-active F-
prostaglandins in urinary pulses. In:
Proceedings of the 5th International
Symposium on Reproductive Physiology
of Fish. Edited by F.W. Goetz, P. Thomas,
270 P. DOI:10.1007/978-1-4615-4733-
4 20
Bhatt, J.P. and Sajwan, M.S., 2001. Ovarian
steroid sulphate functions as priming
pheromone in male Barilius bendelisis
(Ham.). Journal of Biosciences, 26(2):
253-263. DOI:10.1007/BF02703649
Biswas, S.P., 1993. Manual of methods in fish
biology. South Asian Publishery. New
Dehli. 190 P.
Carbita, E., Soares, F., Soares, F., Beirao, J.
and Dinis, M.T., 2011, Endocrine and milt


https://doi.org/10.1007/978-1-4615-4733-4_20
https://doi.org/10.1007/978-1-4615-4733-4_20
https://doi.org/10.1007/BF02703649
https://doi.org/10.1016/j.theriogenology.2010.07.003
https://doi.org/10.1016/j.theriogenology.2010.07.003
https://doi.org/10.2331/suisan.48.47
https://dx.doi.org/10.1016%2Fj.ygcen.2020.113544
https://dx.doi.org/10.1016%2Fj.ygcen.2020.113544
https://icecreamapps.com/PDF-Editor/upgrade.html?v=2.50&t=9

s Al (laeds s jlac sl

Q‘J\S.AA K) U.&L;.‘.a °"“~>L}.‘f“""§

Acanthopagrus cuvievi
Aquaculture, 22: 125-136.

Kidd, M.R., Dijkstra, P.D., Alcott C., Lavee,
Ma, DJ., O’Connell, L.A. and
Hofmann, H.A., 2013. Prostaglandin F2a
facilitates female mating behavior based
on male performance. Behavioral Ecology
Sociobiology, 67:1307-1315. DOl:
10.1007/500265-013-1559-9.

King, H.R. and Young, G., 2001. Milt
production by non-spermiation male
Atlantic salmon (salmo salar) after
injection of a commerical gonadotropin
releasing hormone analog prepartion, 17
a,20B — dihydroxy -4 — pregen -3 — one
alone or in combination. Aquaculture, 193:
179 - 195, DOI: 10.1016/S0044-
8486(00)00472-5

Li, W.M., Scott, A.P., Siefkes, M.J., Yan,
H.G., Lui, Q., Yun S.S. and Gage, D.A,,
2002. Bile acids secreted by male sea
lamprey that acts as a sex pheromone.
Science, 296: 138-141. DOI:
10.1126/science.1067797.

Liley, N.R., 1982. Chemical communication in
fish. Canadian Journal of Fisheries and
Aquatic Sciences, 39: 22-35.
DOI: 10.1139/f82-005.

Losey, G.S. Jr., 1969. Sexual pheromone in
some fishes of the genus Hypsoblennius Gi
Science N.Y. 163, 181-183.

Moore, A. and Waring, C.P.,, 1996.
Electrophysiological and endocrinological
evidence that F-series prostaglandins
function as priming pheromones in mature
male atlantic salmon (salmo salar) parr.

(Sparidae).

This PDF document was edited with Icecream PDF Editor.
Upgrade to PRO to remove watermark.

The Journal of Experimental Biology, 199:
2307-2316.

Mylonas, C.C., Fostier, A. and Zanuy, S.,
2010. Broodstock management and
hormonal manipulations of fish
reproduction. General and Comparative
Endocrinology, 165: 516-534.

Olsen, K.H., Bjerselius, R., Mayer, I. and
Kindahl, H., 2001, Ovarian Fluid and
Female Urine Increase Sex Steroid
Hormone Levels in Mature Atlantic Salmon
(Salmo salar) Male Parr. Journal of
Chemical Ecology, 27, 11, pp. 2337-2349

Ottobre, J.S., Houmard, B.S. and Ottobre,
A.C., 1989. Luteal production of steroids
and prostaglandins during stimulated early
pregnancy in the primate: differential
regulation of steroid production by
chorionic  gonadotropin. Biology of
Reproduction, 41: 393-400.

Prasain, J.K., Hoang, H.D., Edmonds, J.W.
and Miller, M.A., 2013. Prostaglandin
Extraction and Analysis in Caenorhabditis
elegans. Journal of Visualized Exprements.
76,(e50447, doi: 10.3791/50447).

Shani, A., 2000, Chemical communication
agents (pheromones) in integrated pest
management. Drug Development Research,
50: 400-405.

Sorensen, P.W. and Goetz, F.W., 1993,
Pheromonal and reproductive function of F
prostaglandins and their metabolites in
teleost fish. Journal of Lipid Mediators and
Cell Signalling, 6(1-3):385-93.

Sorensen, P.W. and Stacey, N.E., 1999.
Evolution and Specialization of Fish

\Y


http://dx.doi.org/10.1139/f82-005
https://icecreamapps.com/PDF-Editor/upgrade.html?v=2.50&t=9

Fe R Ve ol e ale e

Hormonal Pheromones. In: Johnston R.E.,
Miiller-Schwarze D., Sorensen P.W. (eds)
Advances in  Chemical Signals in
Vertebrates. Springer, Boston, MA, pp. 15-
47.

Sorensen, P.W., Vrieze, L.A. and Fine, J.M.,
2003. A multi-component  migratory
pheromone in the sea lamprey. Fish
Physiology Biochemistry., 28, 253-257.

Stacey, N.E. and Goetz, F.W., 1982, Role of
Prostaglandins in  Fish  Reproduction.
Canadian. Journal of Fisheries and Aquatic
Sciences, 39(1): 92-98. DOI:10.1139/f82-
011.

Stacey, N.E., Kyle, A.L. and Liley, N.R.,
1986. Fish reproductive pheromones. In
Chemical Signals in Vertebrates IV. (Ed. by
D. Duvall, D. MQUer- R.M. Silverstein).
New York: Plenium Press. Springer, pp.
117-133. DOI:10.1007/978-1-4613-2235-
1 10.

Stacey, N.E., Cardwell, J.R., Liley, N.R.,

Scott, A.P. and Sorensen, P.W., 1994,

Hormones as sex pheromones in fish, , in
K. G. Davey, R. E. Peter, S. S. Tobe (eds.),

V'Y

This PDF document was edited with Icecream PDF Editor.
Upgrade to PRO to remove watermark.

Perspectives in Comparative
Endocrinology, National Research Council
of Canada, Ottawa, Canada, pp. 438-448.

Stacey, N.E, Cardwell J.R. and Liley, N.R.,
2001. Hormones as sex pheromones in fish.
Publisher: National Research Council of
Canada.17 P.

Stephen, A., Brock, B., Thuen, T., Mikhail
Y. and Golovko, 2019. LC/MS/MS
method for analysis of E2 series
prostaglandins and isoprostanes. Journal of
Lipid Research, pp.1-37.

Whyatt, T., 2014. Pheromones and Animal
Behavior: Chemical Signals and Signatures
Cambridge: Cambridge University Press,
406 P.

Yabuki, Y. Koide, T. Miyasaka, N.,
Wakisaka, N., Masuda, M., Ohkura, M.,
Nakai, J., Tsuge, K., Tsuchiya, S,
Sugimoto, Y. and Yoshihara, Y., 2016.
Olfactory receptor for prostaglandin F2a
mediates male fish courtship behavior.
Nature Neuroscience, 9(7):897-904. DOI:
10.1038/nn.4314.


https://doi.org/10.1139/f82-011
https://doi.org/10.1139/f82-011
https://icecreamapps.com/PDF-Editor/upgrade.html?v=2.50&t=9

Iranian Scientific Fisheries Journal Vol.30, No.3

The effect of ovarian extract of Sparidentex hasta containing
prostaglandin (PGF2a) on testosterone fluctuations,
Gonadosomatic Index and sperm motility in male

Homayoun Hosseinzadeh Sahafi H.1"; Bahmani M.!; Mohebbi Derakhsh P.; Pourkazemi M.%;
Ghaffari H.}, Seyed Mortezaei S.R.%; Golshan M.%; Ahmadnejad M., Hooshmand H.3; Zabayeh
Najafabadi M.3; Torfi Mozanzadeh M.%; Sagha Monem A.3; Mehrjouyan Sh.?

“h-hosseinzadeh@yahoo.com

1-lranian Fisheries Science Research Institute, Agricultural Research, Education and Extension
Organization, Tehran, Iran

2-Inland Aquaculture Research Center, Iranian Fisheries Science Research Institute, Agricultural
Research, Education and Extension Organization, Guilan, Bandar Anzali

3-Aquaculture Research Center of the South of the country, Fisheries Science Research Institute,
Agricultural Research, Education and Extension Organization, Khuzestan, Ahvaz

Abstract

Pheromones are molecular signals of hormones or their derivatives that affect the same species in the
environment outside the body. The effect of ovary extract of psyllium as a pheromone-containing
substance (PGF2a) on pheromone induction and the process of final sexual maturation and changes in
male sperm indices of this fish have been investigated and compared in different treatments. Male fish
with an average weight of 45 + 200 g were released in 300 liter fiberglass ponds and after adapting the
fish to the environment (for 48 hours), the experiments were performed in 5 experimental groups (one
control group, one prostate gland control group and 3 groups Treatment) in which each group
consisted of 9 adult male fish. Different concentrations of ovarian extract were added to the water in
three treatments of 5, 10 and 15 mg / | as a bath. After 24 hours, the fish were anesthetized and fish
biometrics was performed by measuring length and weight. After blood sampling, fish gonads were
weighed. The results showed that pheromone induction of ovarian extracts and their positive effect on
increasing the rate of sperm counts. Gonadosomatic index as well as testosterone levels at 10 and 15
mg / 1 treatment and prostaglandin treatment (PGF2a) were significantly increased compared to the
control (p <0.001). Sperm density and spermatocrit in the treatment of 15 mg /| (T3) had a significant
decrease compared to the control, but the indices of sperm motility rate and sperm motility percentage
compared to the control did not show a significant difference. Relative sperm volume in all treatments
was affected by pheromone extract and a significant increase was observed compared to the control in
T3 treatment (p <0.001). Administration of pheromone extract resulted in control of male reproductive
fish reproduction in all experimental groups.
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