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ABSTRACT

Genotypic male Qreochromis aureus previously trealed for sex reversal to female
state to prevent serial reproduction and prevent prodiiction of different sizes suv (o pro-
duce a untform size in the same season und thelr sex reversed female () parent were
stocked nto uquaria with untreated fermales at various rattos. The reproduction of the
(wo types of fernales with normal males was compared. Non of treated fish sparvned:
most were Jound fo have ovelestes. The [ sex reversed female spawned repeutedly
afler she wus patred with norinal mule in a large tank indlcating that the presence of
nonnal ferales under confined aquartum canditions may have a repressive effect upon
estrogen sex reversed females. Duralion of treatment tn relation (o the period of gona-
dal differenitution Jor the particuiur fish spectes The most effeclwe treatment for estro-
gen sex-reversing male Oreochromis aureus appears io be oral admintstration of combi-

nation of 17 a methyl testosterone the source of hormone is Argenta Company.

Selecting broodslock from a hormone-treated population can result in puinng indi-
viduals of same gonadal sex, since the dimorphic urogenic papilion alone may be al-
tered by exygenous hormones, also the number of parings of estrogen-treaied fish that
have resulted in spawns has been low th comparison fo spawns froin unlrealed fish
under the same conditions. However spawning behaviowr of functionally sex-reversed
fish has not been examined. The primary objective of this sindy was to compare Gier-
aclion behaviour and spawning success of normal and estrogen (realed jemales

stocked together and separately with normal male.

Also this siudy was designed lo evaluule the Microsporidian (nfection and their ef-
Jects among the genital organs of Tllapla aurea.
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INTRODUCTION

Tilapias are widely cultured but excessive reproduction in ponds is a prablem in culturing
them for human consumption (Bardack et al. (1972). Varous methods of mono-sex have becn
used to control reproduction. The use of harmones to reverse the phenotypic sex Is one mean ol

producing single sex population (Guerrero, 19786).

Potential use of functionally sex-reversed f{lsh as broodstoek, to be spawned with normal (un-
treated) fish of the opposite phenotypic sex, was discussed by (Shelton et al., 1978). Successful
alteralion of secondary sex characteristics and the gonads of an individual is dependent on the
efflciency and dosage of the treatmcnt in relation to thc period of gonadal differentiation for the

particular fish speeles (Yamamato, 1969).

The most eflective treatment for estrogen sex-reserving male Tilapia aurea appears to be oral
administration of a eombination of 17 a methynylestradiol and methalilbure (Hopkins., 1979).
Methalllbure 1s a chemical hypophyectomizing agent that has enhanced the effect of estrogen
treatment on the spccies.

Several problems exist {n the use of estrogen treated O. aureus as broodstock. Selcclion of
broodstock [rom a hormone-treated population can result in pairing individual of the same gona-
dal sex. Since the dimorphie urogenital papillae alone may be altered by the exogenous hor-
mones (Hopkins, 1877). Also. the number of springs of estrogen-treated flsh that have resulted
In spawns has been low in colnparison to spawns from untreated fish under the saine conditions

(Ltu, 1977). However, spawning Lehaviour of funetionally sex-reversed {ish has not been exam-
ined.

Parasltes play an important role in determine the health status of fish, they may act as a pri-
mary source of diseases or prcdisposing [actors or cven secondary invadors for other inlections
(Amin et al., 1988) or may have a zoounotic importarice (Revenga, 1993). Thc parasitic infesta-
tlon among fishes had Leen studied by several means: prevalence. distribution, species of para-
sites among somie fishes and their pathological alterations (Negm El-Din, 1987 and E)-Gawady
et al., 1992), The ovary was mottled with white spots and streaks; parasitic castration duc to
Microsporidian Infection was very common especlally at spawning season (May-June), Noga
(1996). The primary objective of this study was to compare inleraction behaviour and spawning
success of noram! and estrogen-treated females stocked together and separately with a normal

male.
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MATERIALS AND METHODS

1. The treatment hormone using 35 mg/L 17 « methyl testesterone and untreated fcmale O.
aureus were observed in aquaria when paired with untreated males. Each aquariuin was 60 x 60
x 35cm and held aboutl 100 U of pond waler and stocked with 10 fish. The flsh were collccled
from Idco Lack (Behera Governorate) We used 9 aquarium each aquarium contain 10 fish, the
total number of fish Is 90 in the whole experiment. Only the front panel was glass so that tish
were not alleeted by activity In adjaccnt aquaria. To reduee losses caused by aggressive wiclded
wire with 5 x 7 ¢m opening was positioned inside about 15 em from the front of the aquaria ex-
tending above the water line from side to side. The wire provided a place of partial reluge for le-
males and visually delineated a tcrritory for the male. Fish were fed daily adlibitum with pellets
containing 40% protcin. Water flow lnto each aquarium was ahout 2L/min. Aquaria were
stocked In mid June when daily water temperature averaged 22°C. Neither the photoperiod nor

the water temperature were controlled.

Experimental work :

One normal (unireated) male and three phenotypic females ol approximately cqual length (16-
18 cr) were cach marked with dorsal spine marking and plaecd in each aquarium cither 0. 1, 2
or 3 by putting a mark on the dorsal spine. hormone-trecated fish [genotypic males) presurnably
[cmales were stoeked with 3. 2, 1 or O normal untreatcd (genotypic] (emales, respectively. Each
treatmenl was rcplicated three timies. Each was examined upon introduction into (he aquaria,
untreat~d females had normal appearing papillae with an obvious transverse genital slit. Papillae
were nornmal appearing in 46% of (he estrogen-treated [ish {genotypic males), slightly a typical in
24% and moderately to highly apparent in 30%. The number of fish in the experiment of treated

[emales with moderalely to highly apparcnt papillac were used in this experiiment.

Two females (F)) had been estrogen treated and previously identified by progeny testing to be
functionally sex reversed (genotypic males); both had produced 100% male offspring when
spawned with normal males. The other two females were stocked In aquarium 6 {Table 1) with
two normal femates and one normal male. The remaining treated fish used weve offspring (Fy) of

this surviving progeny tested female and had becn cstrogen Ireated for reversal of their polential
male phenotype.

Surgical removal of the premaxiliae (Lee, 1979) from each normial male redueed agonistically
induced mortality of the females (Rothbard, 1979). Femnales that dicd during the study were re-
placed with femalcs from the appropriate progeny group. Two days after spawning occurred.

eggs wcere removed from the month of incuhating females and artifially incubated on a shaker ta-
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ble (ollowing the recommendations ol Lee (1979).

Parasitological examination:

Fishes were collected alife and transported immediately to the laboratory for parasitological
examinations. The genital organs ol eollected fish were carelully examlned graossly (with naked
eyes and by using hand lens). lollowed by mieroscopleal examination ol smears (mucus, blood.
tissues and any suspeeted cysts). Pieces ol tissues were compressed and examined. The deteeted
parasites were eallected and processed according to Wessner (1968) and Lucky (1877). ldentili-
catlon of parasites were done aeeording to Woo (1985).

RESULTS AND DISCUSSION

Since none of the presumably sex-reversed F, [emales had previously spawned. (he experi-
ment was a progeny test [or these fish. Thus, the trealed Fy group could eontain sone individu-
als incompletely allected by the estrogen treatment l.e., have a [emale-ltke papllla but retain

testes or perhaps ovetestes.

Little prespawning aggessive behavtour was observed in the first 2 weeks of experiment when
the water temperature was about 22°+3

Spawning coloration and aggression intensified during the 3rd week when the water tempera-
ture increased lo about 25°C. The typieal spawning coloratlon of a O. aureus male includes a
bright red margin on the {ringes of the dorsal and caudal fins. a bluish coloration frequently
showed charaeteristically male-like behaviour and spawning coloration on the opercull in the
baseness ol another males which fnterfercd with establishment ol a more ordered female hierar-
chy. On the opercull, but (in the absence of other males) no apparent vertical barring of the body
after two more weeks the water temperature rose to 27 -28°C the male {n each aquarium soon
becomes assertive and aggressively chased the females throughout the aquarium, Later only the
central area behind the partial barrier was actively defended by the male. However the malc after
chased a female that was in front of the barrler and occasionally allowed females to wondcr be-
hind the barrier.

Female-female Interactions usually resulted in a recognizable hierarchy within 48 hours after
stocking. The confrontation between two normal females usually involved frontal displays with
opercull slightly flared, extension ol the dorsal, pelvic, and pectoral fins, and prolonged and re-
peated open-mouth contact; body coloratlon was subdued. The dominant female usually occu-

pled the lower level of the aquarum in front of the wire barrier. she pursued the other lemales
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only for short distances. Subdorminanl females tenided to nceupy positions yicar (he water suar-
face, assuming a posture with the body angled upward. The dominance order was reinlorced by
periodic charges that usually include a feigned nip on the anterlor portion of the body of a sub-
dominant female. Occasionally, the aggressive female was least dominant of the three and was
charged or nipped by other two females. The second female in the hierarchy was charged only by
the dominant [emale. Suhdominant lemales displayed a variely of color patterns that usually i1-

elude vertieal barring on the sides, the dominant females was generally lighter in color.

A complieatlon in these Interaetions was caused by some of the estrogen-treated fish that
were apparently incompletely sex reversed. Although they were considered females on the basis
of the appearance ol the papiilae, their behuviour after stocking was ofter a more accurate indi-
eator of thelr primary sex. Incompletely sex-reversed fish were rarely aggressive enongh to dis-
place the male. bul frcquently showed eharac!cristically male llke behaviour eoloration which in-
terfered with the establishment of more orderel,

Other incompletely sex reversed fish did jiot show male behaviour or eoloration. and did not
parttcipate in the ordered female hierarchy previonsly described. most treated fish participated
in the hierarchy cstablishment and eventually assuined subdominant female roles. Several fe-
males dies as a result of aggression from the nonmnal male and/or treated fish: the treated fish
were more capahle of inflicing physical damage. since their premaxillae were Intact. A treated
fish showing this behaviour was removed and examined for milt; if the ish was a male it was re-
placed wlith another trealed female. The sex treated [ish first stocked inlo agquona 7 and 8 {Table
1) were all replaced. One of the threc fish originally stiicked In aquarium 5 was, and the replace-

ment fish was also exchanged when it produced niili.

During eourtship the malc displayed a continuously erect dorsal lin and the genital papilla
become increasingly extruded. The pursuit ol female by the conrting male was more aggressive
than the chasing observed between females Nipping and nundping were directed towards the fle-
male's vent. Spawning occurred more frequently with the domlinant female than with subdomi-

nant lemales.

Prespawning reproductive behaviour «f the female including serveral attempts lo etther pick
(imaginaryl eggs up tnto her mouth or "clean oul” a ne'st site on the botlon of aquarium Lelind
the wire barrier. The male's agnostic behavious would change rapidly ta courtship behaviour
during this periad as the brooder pair would next stimulate egg deposition and fertilization After

the termination of fetgned spawning behaviour, the female would being egg deposition which was
followed by fertilization .

Spawning by untreatled [normal] female occurred in every aguadum except onc (Table 1). al-
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though not every normal female In each aquarium spawned. In contrast. none of the treated fish
spawned. The mean number of spawns/untreated lemale was 0.44 /week for the lemalc stocking
ratfo (treated : untreated} of 1: 2 and 0.26 / week for those stoeked at 0:3. Thc mean number of
spawns/week Was slguificantly higher in aquaria with a 0:3 and 1:2 lematle ratio (a = 0.05) than
in those with other ratios. The mean number of spawns/untreated female /week was signifieant-
ly higher (a = 0.05) In aquaria with a 1: 2 (treated/untreated) female ratio {but not in those with
a 0:3 female ratio) than in aquaria with a 2:1 lemale ratio,

No spawning by treated (ish had occurred in the aquaria by the end of July. including the F,
female that had spawned successlully during the previous year; consequently, all lish were
transferred outdoors to 4.200 L clrcular plastic pools. Each treated fish was individually stocked
with an untreated male (premaxillae removed). Thase untreated females that had not spawned (n
aquaria, each spawncd at least once in the plastic pools. Pool spawns by untreated lemales arc
not included in the tabular data three spawns within a 6 week period occurred in the pool con-
laining the progeny tested (F{) sex-reversed lemale. All three spéwns werc lertillzed by the samc
male and resulted in large numbers ol vialile and presumably 100% male offspring. One hun-
dred fish sampled Irom the first spawn were all males. No spawning in the plastic pools contain-
ing otber treated fish (F,) was abserved by 1 October, when the experimental was terminated.
Gonadal examination of treated fish (y) showed that only two fish had ovares of normal appear-

ance. The remaining 14 fish had gonads that were apparent ovotestes.

Concerning to the parasitological examination, it was revealed a protozoan infested the ovar-
les, It was appeared as whitish pin-headed nodules embedded in ovary ol Oreochromils aurcus.

its spores were oval tiny (3x7 pm) and eontained posterlor vacuole (Fig. 1).

Progeny testing of estrogen-treated O. aureus has been previously aecomplished and func-
tionally sex-reversed females (Guerrero, 1975) were identified. bul {rom pairings ol one male
with a single test females under less confined conditions than those provided by the aguaria in
the present study (Llu, 1977). Hormone treated females may be less aggressive than untreated
fenmales and therefore, may not be as competitive in spawning (Hopkins, 1977 and 1979). The
Fo sex-reversed lemale that had previously been proven lertile spawned repeatedly when re-
moved (rom confinement and the presence of two competing femalcs. Each of these two untreat-
ed females spawned twice dunng thc period ol confincment. Also, normal {untreated [cinales)
that did not spawn in the aquoria spawned when moved to larger plastic pools. 1t appears that
the stress ol thc additional crowding and the presence ol competing females advcrsely aflects in-

dividual spawning success.

Estrogen-treated fish of the Fy generation that had been incompletely sex-reversed direcied
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their aggression towards the normal females or other Lrealed fish (Shelton et al., 1978). dis-
rupting normal spawning interaction. Fish having ovotesies were usually co-dominant with un-
treated females, but were Incapable of culmimatung any responsc (o male courtship because avu-

lated ooeytes wonld be unable to pass through testicular elements (Yamamoto, 1969).

The number of spawns/untreated fernale was soinewhat higher when one treated fish was
stocked with two untreated female than when conipared with other female ratios, However, the
presenee of two treated fish in an aquaium signilicantly reduced the spawning activity of (e un-
treated fermale. Under these eircurnstances there may been too much agnostic behaviour from
Incompletely sex-reversed femnales. The low spawmmg success in progeny lests ol estrogen-
treated O. aureus has hecen previously reported (Liu, 1977 and Hopkina, 1979). The presence of
ovotestes In these estrogen-treated O. aureus not displaying obvious male characicristics indi-
cates that the aberrant gonadal morphology assaciated with incomplete sex reversal may partial-

ly cxplatn the low spawning rales.

In the present study, Microsporidian infectionr were noticed in O. aurcus The samie protozoa

were reported previously in resh water fishes (Woo, 1995).

Fig. 1 : Wet mount of Microsporidium spp. spores.
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Table (1): Spawning and mortalitv in aquaria stocked with untreated and estrogen-treated (/ionciiman curcis females at

various ratios.

Fesual ratio” \ i Spawns Mortality ‘ [
b (Treated: untreated) [ Duration ‘ Total” ! Weekly mean | Weekly mean {Untreated Treated ( No. of treated {
and aguarium ! {(weeks) | ! peraguarium ‘! per unireated ! females Ash } fish yielding milt !
0:3 |
9 7 4 0.57 0.19 2 - -
10 8 8 i.0 0.33 ] - -
1:2
1 7 6 0.86 0.43 I 0 0
p) 4 3 0.75 0.38 0 0 1
6 4 4 .00 0.5 0 0 0
2:1
3 5 0 0 0 0 1 0
3 4 1 0.25 0.25 0 ! 1
3:0
5 6 0 0 - - 1 2
7 5 0 0 - - 0 3
8 4 0 g - - L 3

a: Each aquarium contained one unireated male.

b: Spawns only by untreated females
c: Aquarium 6 contained the F1 progeny-tested female and two uncreated females] 4
d: Females; others bad female papillae but wilb tesies,

201
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