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ABSTRACT 

Gerwtyptc male Oroochrom13 aureu..<; previously treated for sex reversal to Jemalf' 

state to prevent serca! reprodlJCtwn and prevent production of d!Uerr?llt sizes so 10 pro

duce a uniform size in the same season and rheir sex reversed female (F 1) parCH! were 

stocked Into aquaria with unlrea/ed Jcmafes at varioUs ratios. The reproduction oj fhe 

two types oj females with normal males was compared, Non oj f rented .flSh spmvned: 

r1l()St were found to have 0i1e(eSleS, The F 1 sex reversed female spawned repcrJ.tedly 

qfler she was paired willI nonnal m(.de In a large tank indicating that the presell('e oj 

nonnaljemales under oolif/ned aquarium cond!1io/ts may hUl-£!' a repressive elfL'ct UpOIl 

estrogen sex reversedJemaJes. DltmHQfl uJ treatment In relation 10 the perioo oj gona

dal dWerenUationJor lhe paracular fish species The most ~lJecli.ve ireatmenljor f!slro· 

yen sex'reversing male Oreochrotnis au;cu,S appears to be orol adminIstration q{combi

nalion oj 17 (X methyl. les(os(erorte Ow source oJ hormorte L., Arge,tfa COmpaH!J 

Selecting broodstock from a tlOlTIlotte"lreated populatioH am resuil (n paiHHg !'tv . ./i· 

viduals oJ swne gonadal sex. since the dfmorphic urogenic papilion alone l11a~J be al· 

tered b!J exygenous hornwnes, also the number oj parings oj (!'slrogen·trealrojtsh lltaf 

have resuttcd in spawns fws been low in compari..'ion to spawns ji'mn ul1fre(1.tcd ji."h 

wlder the same condiIiorts. However spawning behr:wiottr oJIuHcliotlafty sex-revcrsL"fI. 

.rtsh has not beell examined. The primary objective oj this study was to compare fnler· 

action behaviour and spawnIng SHCcess oj lIormal alld estrogen treakd jcmuies 

sLacked togeLher and separately with nqrmal male, 

Also this sWd!J wc::tS designed (0 elJaiuaJe lhe Ml.crosporidlun WccHo/1 and their ef

Jects among the genUal organs ojTilapln au~a. 
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INTRODUCTION 

Tllapias are widely cultured but excesslve reproduction in ponds is a problC'n1 in culmring 

them fOT human consumption (Bardack et d. (1972). Various methods of mono-sex have been 

used to control reproduction. The use of hormones to reverse the phenotypic sex Is one mean of 

producIng single sex populatlon (Guerrero. 1975). 

PotenUal use of functionaJly sex-reversed fish as broodstoek. to he spawned with normal (un" 

treated) fish of the opposite phenotypic sex, was discussed by {Shelton et aI •• 1978}. Successful 

alteration of secondary sex charactertstics and the gonads of an individual is dependent on the 

efficiency and dosage of the treatment :In rdaUon to the pertod of gonadal differentiation for the 

partIcular fish species (yamamato, 1969). 

The mosl effective treatment fOT estrogen sex-reserving male TilapLa. aurea appears to be oral 

administration of a combination of 17 (l methynylestradlo! and methalilburc (Hopkins .• 1979}. 

McthaUlbure Is a chemtcal hypophyectomiztng agent that has enhanced the elIect of estrogen 

treatment on the species. 

Several problems exist in the use of estrogen treated O. aureus as broodstock. Scit:ciloll of 

broodstock from a hormone-treated population can result 1n pairing lndivldual of the same gona

dal sel(, SInce the dimorphle urogenital papillae alone may be altered by the exogenous hor

mones (Hopld.Bs, 1977). Also, the number of spri.ngs of estrogell"tre,ated flsh that have resulted 

tn spawns has been low in comparison to spa.v.ns from untreated fish under the same conditions 

(Llu. 1977). However. spawning uehavlour of functionally se>aeversed fish has not been exam

ined. 

Parasites play an important rol.e in determine the h('~l.th status of flsh, they may ~ct as a pri

mary sOurce of diseases or predisposing factoD:\ or (:Vcn secondary invadors for ottwr mtediolls 

(Amln et aI •• 1985) or may have a zoonotic importance (R,evenga. 1993), The parasitiC infesta

tion among Hshes had ueen studied by several means; prevalence, dlstrll)\'llkm, species oj para

sites among some fishes and their pathological alterations t~egm ltl-Dbl. 1987 and El-Gawady 

et aI •• 1992). The ovary was mottled with white spots and streaks; parasitic castration du(> to 

MicrospoIidian Infection was very common especially at spawning season (May~June;, Noga 

(1996l The primary objective of this study was to compare interaction behaviour and spawnIng 

success of noraml and estrogen-treated females stocked together and separately wlth a nonnal 

male, 
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MATERlALS AND METHODS 

L The treatment hormone us1ng 35 mg/L 17 u methyl testesterone and untreated fernale O. 

aureU$ were observed in aquarta when paired with untreated males, Each aquarium Was 60 x; 60 

x 35cm and held about 100 L of pond water and stocked With 10 fish. 'l11e tlsh were collc(~ted 

from Ideo Lack (Behel'a Governorate) We used 9 aquarium each aquanum contain 10 fish. jhe 

total number of fish is 90 in the whole experiment, Only the front panel wa..,,> glass. so that fish 

were not affected by activity in adjacent aquarta. To reduee losses caused by aggressive wielded 

"-ire With 5 x 7 em opening was positioned inside about ]5 em from the front or the aquaria ex~ 

tending above the water Hne from side to side. The wire provided a place of partial refuge for h~· 

males and visually delineated a territory for the male. Fish were fed daily adlibilum with pellds 

containing 40% protein. Water now into each aquatium was ahout 2L/min. Aqudrla. were 

stocked in mid June when daily water temperature averaged 22,°C. ;\icIlher tht" photopt'riod nor 

the water temperature were controlled. 

Experimental work: 

One normal (untreated) 'lilale and three phenotypic females of approximately equal length {16-

18 eml were each marked wHh dorsal spine marking and plae-cd in eat::h aquarium dther O. I, 2. 

or 3 by putting a mark on the dorsal splne, hormone·treated fish Igenolypie males} presumably 

females were stoeked with 3, 2, 1 or 0 normal unlrcat<-'<1 {genotypic! females. respedivdy. r::adl 
treatment was replicated three lima:>. f<:aeh was examined upon introduction hUn the aquariil. 

untreated females had nonna.! apPf'aring papillae wit.h an obViflU-'" transverse genua I slie PaplHae 

were nonnal appearing in 46% of the estrogen~treated fish {genotypic males). slightly a typieul in 

24% and moderately to highly apparent in 30%. The number of fish in til(' experiment of treated 

females with moderately to highly apparent papillae WCfe used in this experiment. 

Two females W I) had been estrogen treated and previously identified by progeny testing to be 

funcUonally st"x reversed (genotypic males); both had produced 100% male oo-spring when 

spawned with normal males. The other two females were stocked In aquarium 6 lTault' I) with 

two normal females and one nonnal male. TIle remaining treated fish used wcre olTsprlng {F21 of 

this surviving progeny t.ested female' and had been cStiogen treated for reversal of their polenUal 

male phenotype, 

Surgical removal of the premaxillae (Lee, 1979) from each normal male reduced agonisikally 

indueed mortality of the females (Rothb8l'd. 1979). r~etnales that died dming the study were fe'

placed With remaks from the appropriate progeny group. Two days after spawning occurred, 

eggs were removed from the month of incuhating females and artiHaHy incubated on a shaker la-
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ble following the recommendations of Lee (1979). 

Parasitological examination; 

Fishes were collected aliCe and transported Immediately to the laboratory for parasitological 

examinaUons. The genital organs of collected fish were carefully examIned grossly {with naked 

eyes and by using hand lens). followed by microscopIcal examinaUon of smears {mucus, blood. 

tissues and any suspected cysts). Pieces of tissues were compressed and examined. The detected 

parasites were eoJ1ected and processed according to W'c88ne:r (1968) and Lucky (1977). Identlfi· 

cation of parasttes were done aeeordlng to Woo (1995), 

RESVLTS AND DISCUSSION 

Since none of the pTf"-sumably sex-reversed 1"2 females had previously spawned, the expen

ment was a progeny test for these fish. Thus, the treated 1"2 group eouid contain some individu

als Jncompletely affected by the estrogen treatment I.e., have a femate~llke papma but retain 

testes or perhaps ovctestes, 

Utile prespawnlng aggesstve behaviour was observed In the first 2 weeks of experiment when 

the water temperature was about 22<>t:±3 

Spawning coloration and aggression Intensified during the 3rd week when the water tempera~ 

ture increased to about 25°C. The typical spawning coloration of a O. aureus male includes a 

bright red margin on the fringes of Ute dorsal and caudal fins, a blUish coloration frequently 

showed charaetertstlcally male-like behaviour and spawning coloration on the opercuU in tht" 

baseness of another mates whlch lnterff'rcd wiUt establishment of a more ordered female hierar

chy. On Ute opercul1, 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 In each aquarium soon 

becomes assertive and aggrt"ssively chased the females throughout the aquarium. Later only the 

central area behind the partJal banier was actively defended by the male, However the malc after 

chased a female that was in front of Ute bamer and occas1onally allowed females to wondcr be

hlnd the bartier, 

FemaleAemale interacUons usually resulted in a recogntzable hierarchy within 48 hours after 

stockJng. The confrontation between two norma) females usually Involved frontal displays with 

opercuH sllghUy flared, extension of the dorsal. pelvic, and pectoral flns. and prolonged and re~ 

peated open-mouth contact; body coloratlon was subdued, The domInant female usually occu· 

pled the lowC"r level of the aquarium in front of the Wire bani,..r. she pursued the other remales 
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only for short distances" Subdominant females (("fide<! to oceupy positions ncar thc water sm

face, assuming a posture with the body angled upward, The dominance order was reinfon.:ed by 

penodlt: charges that usually include a feigned rlip on the antenor portion of the body of a suu· 

dominant female. Ocrasional1y, the aggre:ssive ff'lIlale was least dominant of the three and was 

charged or nl.pped by other two femates, The f,ccond female tn the hIerarchy was charged only by 

the dominant female. Suhdmninant lemales displayed a variety of (·olor patterns Iha! usually in

elude v('rtieklJ barrtng on the sides, the dominant females was generally lighter In f'oloL 

A complieatlon in these Interaetions was caused by some of the estrogerHrt'ated fish that 

were apparently incompletely Sf'..x revenied. Although they were considered temales on the basis 

of the appearance of the papUlae. their behaviour after stock.lng was often a more accuni!e indl

eator of their primary sex. Incompletely Sf'x~re\'ersed fish were rarely aggressive enough to dts

place the male, bul frcquently showed ehara.f'icTistjcaUy male lIke behavIour coloration whl-ch tn~ 

terfered with the estabhshmcnt of mort' ordervj, 

Other incompletely sex reversed fish did !J(l! .sllmv male behaviour or eoloration. and did not 

partIcipate In the ordered feruale: hierarchy P;"('\ iO'lsly desCribed. most treated fish participakd 

1n the hierarchy establishment and eventually as<ll1l0ed subdominarH female roles. Several fe· 

males dies as a result of aggression from rhl' nonnal male and/or treated fish: the treated fish 

were more cap<lhle of Infhcting physlcal damaf~e _ Slflce their premaxillae wert' intacL A lreated 

fjsh showtng lhis behaviour was removed and (~xaJ\\jned for milt; If the fish was a male if was re

placed wah another treated female. nle sex tre."1teJ f'SIi first stocked into aquona 7 and B (Talile 

1) were all rcplaced. One of the three fish origllwlly sli,cked In aquarium 5 was, and the replace

ment fish was also exchanged when it produ('t,r! ntHt 

During eourtship the male displayed a continuollsly ered dorsal nn Hnd the: gcnital papilla 

ix'come increasingly extruded. The purY>uH 01 female Oy ilw courting male was more aggressive 

than the ehasing observed between remah:~ tlipping and nudging wert dlredrd towards tIlt' ["e

male's vent. Spawning oc('uIT('d mOrC frequently with the dominant fCTU31e than with subdoml

nant females. 

Pres pawning reproducti' .. e behaviour cf the f( male' including scrveral attempts t.o (":!ther pi('k 

(imaginary) eggs up Into her mouth or "dean out" a nest .sile on lhe bottom of aquarium behind 

the \I.1re barrier. The male's agnostk lwhuvio1tl would change rapidly to courtship behaviour 

dUring this period as the bro.x1er pair would next stimulate egg depOSition and fertilization Aftn 

the termInation of felgned spawning bf'haviollr, the (t'male would bCing egg dcposiUon which was 

followed by fertJl!Latlon . 

SpawnIng by untreated (normal) female oecHrrcd in every aquarium except one (iable 1). 0.1-
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though not every normal female In eaeh aquatium spawned. In contrast, none uf the treated flsh 

spawned. The mean number of spawns/untreated female was 0.44jweek lor the female stocking 

ratlu {treated; untreated) of I: 2 and 0,26 / week for those stocked at 0;3. The mean number of 

spawns/week was SlguiOcantly higher In aquatia ",1th a 0:3 and 1;2 female ratio (a = 0,051 than 

in those with ollier raUos, The mean number of spawns/untreated femaie/week was significant" 

ly higher (a "'" 0.05) In aquaria with a 1: 2 (treated/untreated) female ratio [but not in those with 

a 0:3 female raUo) than in aquaria with a 2: 1 female ratio. 

No spawning by treated fish had occurred In the aquaria by the end of ,July. including the F 1 

female that had spawned successfully duting llie previous year; consequently, all fish were 

transferred outdoors to 4.200 L circular plastIc pools, Each treated Ilsh was indIvidually stocked 

with an untreated male (premaxtllae removed), Tbose untreated females that had not spawned In 

aquaria, each spawned at least once in the plasUc pools. Pool spawns by untreated females are 

not inducted in the tabular data three spawns within a () week period occurred In the pool con

taining the progeny tested (Fl} sex-reversed female, AU three spawns were fertilized by the same 

male and resulted 1n large numbers of vtable and presumably 100% male offspring, One hun

dred fish sampled from the first spawn \\'ere all males. No spawning in the plastic pools contain

ing otber treated fish (FZ) was observed by 1 October, when the experimental was terminated" 

Gonadal examination of treated fish (F'2) showed that only two tlsh had ovaries of normal appear· 

ance, 'the remaining J4 tlsh had gonads that were apparent ovotestes. 

Concerning to Ule parasitological examination, It was revealed a protozoan Infested tht' OV<lr~ 

les, It was appeared as whitish pin-headed nodules embedded in ovary of Oreochromls <lurcus. 

ItS spores were oval tiny {3x7 ;.tm) and eontalned posterIor vacuole Wig. I), 

Progeny testing of estrogen-treated 0, aureus has been previously aecomplished and func

tionally sex-reversed females (Guenero. 1975) wen~ identifted, bul from pairings or one malr 

with a single test females under less confined conditions than those pt'ovided by the aquaria In 

the present study (Llu, 1977). Hormone treated females may iJe less aggreSSive than untreated 

females and therefore, may not be as competitive In spawning (Hopkins. 1977 and 1979). Tht" 

FZ sex-reversed female that had previously been proven (erUle spawned repeatedly when re

moved [rom confinement and the presence of hvo competing females, Each of these two untreat· 

ed fema\es spawned twice during the period of conftnement. Also, normal (untreated f('males) 

that did not spawn in the aquoria spawned when moved to larger plastic pools. 11 appears that 

the stress of the additional crowdlng and the presence of competing females adverse1y afft"-C{s in

dividual spawning success. 

Estrogen-treated fish of the Fz generation that had been Incompietely sex~reversed directed 
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their aggressIon towards the l1orn'ldi females or otlwr treated fish (Shelton et 81 .• 1978), d!.s~ 

rupUng normal spawning interactIon. F1Sh having ovotestes were usuaHy co-dominant With lUl~ 

treated females, but were incapable (If culminating any response to male courtship because ovu

lated. ooeyles would be unable to pass througll It-sticular dements (yamamoto, 1969). 

The numher of spawns/untreated female wa.'i s{.lJucwhat higher when one hent{'d fish W.1.S 

stocked Wlth two untreakd female than when compared with other lernait' mllos. However. the 

presenee of two treated fish in an aquaium sigwlkanlly rt'{]ul'f"d the spawning activity or the un· 

treated fcrnak. Undcl' these circumstances theH' may becn too much agnostit' hehaviollr from 

lnrompleteJy sex-tt"VCfsed rrmale."L The low sp"H'ming SUG~("ss In progeny ksls of e&tmgE':Il-' 

treated 0, aureus has been previously reported (lJu, 1977 and Hopklns, 1979). Thr presence of 

ovotestes in these cstrogr'tl-tr<:atcd O. aureus not displaying obviOUS mak charaetf"ris!irs im1i~ 

cates that the aberrant gonadal morphology a"<sod.att"d wllh meomplf'te f;(,X r('v("(sal may partial

ly explaIn the low spawnmg ralt;s. 

In the present study. Microsporldian infection Wt'l t" notic(>d jn O. aUH"U1'> Th(' samt" protozoa 

were reported prev:lously in rresh water fishes (Woo. 1995). 

Fig. 1 : Wet mounl or Mkrospmidium spp. spores. 
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