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Effects of High Rearlng Temperatures on the Sex Ratio of Progeny from Sex Reversed Males of Oreochromls nllotlcus

ln Oreochromis niloticus, hormonal sex reversai of an entlre progeny from crosses between a sex reversed XX male (produced by steroid treatment) and a normal XX female, resulted ln a progeny of sex reversed XX male siblings. The sex ratio of the progenies produced by single pair matings of 22 of these sex reversed males is only rarely all-female, as opposed to predictions of a monofactorial sex determination model. ln order to assess a potential thermosensitive differentiation, progenies from these sex reversed males were submitted to high temperatures for 21 days. Nlne to 13 day-old fry post-fertilization (PF) from 1 7 progenies were reared at high temperatures ranglng from 30 to 36°C and . to an average control temperature of 28°C. respectlvely. No slgnlflcant difference in survlval was observed between the two groups of Fry with 76.2 and 74.2% survival rates at 28 and 30-36°C, respectively. Ail survlvlng fry (an average of about 1 OO per batch) were sexed by histological examination of tissue squashes at 60-90 dPF. High temperatures shifted the contrai sex ratios from 0 to 91 %. As the low mortalities cannot account for these deviations, thermosensitivity is demonstrated in O. ni/of/eus.

Introduction

ln controlled envlronments, the early and prollfic breeding of tilapias [START_REF] Baroiller | Contribution of research in reproductive physiology to the culture of tilapias[END_REF] results in rapid overpopulation with a tendency to stunting. The artiflcial control of tilapia reproduction is therefore essential to make its culture profitable. Since individual males show better growth rates than females (Pruglnln 1967[START_REF] Hickling | fish hybridization[END_REF][START_REF] Hanson | Growth comparisons of monosex tilapia produced by separatlon of sexes, hybridization and sex reversai[END_REF]), three approaches have been suggested to produce all-male populations: ( 1) manual sexing by examination of the urogenital papilla [START_REF] Hickling | The cultlvatlon of tilapia[END_REF][START_REF] Guerrero | Use of androgens for the production of ail-male Tilapia aurea (Stelndachner)[END_REF]):

(2) hybridization (reviews of [START_REF] Lovshin | Tilapia hybrldlzation[END_REF][START_REF] Majumdar | Sex ratios from lnterspecific crosses wlthln the tilapias[END_REF]McAndrew 1983: Wohlfarth andHulata 1983); and (3) hormonal sex reversai (reviews of [START_REF] Guerrero | Control of tilapla reproduction[END_REF]Hunter and Donaldson 1983;[START_REF] Pandian | Techniques to regulate sex ratio and breeding in tllapia[END_REF]. Manual sexing by examination of the urogenital papilla (2.7-10% errors) results in the elimination of half of the population after two to three months (Baroiller and )alabert 1989). Although today, hormonal sex reversai is the most widely used of the three techniques because of its efficiency and reliability, it is often questioned. For example, the effects of the degradation products of synthetic steroids have not been studied sufficiently, especially for their ecological consequences. Hybridization using two parental species of culture interest like Oreochromis niloticus and O. aureus does not systematically produce 100% males [START_REF] Majumdar | Sex ratios from lnterspecific crosses wlthln the tilapias[END_REF]Wohlfarth and Wedekind 1991).

A fourth, intraspecific approach was suggested by Yamamoto (1969) and has been used for the past ten years. This technique consists in producing homogametic male and female broodfish which in turn produce all-male progenies. ln species like O. aureus, where the male is homogametlc (ZZ), feminization followed by an analysis of the sex ratio of the 247 progenies from the females produced by single pair matings are sufficient steps to produce such individuals [START_REF] Hammerman | Sex determination in Sarotherodon (tilapia). Part Il. The sex ratio as a tool for the determlnation of genotype -a model of autosomal and gonosomal influence[END_REF][START_REF] Jensen | Effects of estrogens on Tilapia aurea: Implications for produètion of monosex genetic male tllapia[END_REF]. ln species like O. niloticus, where the male is heterogametic, an additional step is requlred to produce a new, viable and fertile YY genotype (Baroiller 1988b;[START_REF] Baroiller | Contribution of research in reproductive physiology to the culture of tilapias[END_REF]Scott et al. 1989;Varadaraj 1989).

However, in most of these intra-and interspecific studies, some sex ratios are incompatible with a simple monofactorial sex determination, XX/XY or ZZ/ZW depending on the tilapia species (reviews of Mairet al. 1991aMairet al. , 1991b;;Wohlfarth and Wedekind 1991 ). To explain these unexpected sex ratios, two other models were suggested: one suggests combining two alleles from an autosomal locus and two of the three sex chromosomes (Avtalion and Hammerman 1978;Hammerman and Avtalion 1979); the other suggests a polygenic model [START_REF] Majumdar | Sex ratios from lnterspecific crosses wlthln the tilapias[END_REF]Mairet al. 1987). However, these two theories cannot explain all the results found in the literature [START_REF] Avtalion | Sex determining genes in tilapia: a model of genetic recombination emerging from sex ratio results of three generatlons of diploid gynogenetic Oreochromis aureus[END_REF]Don 1990: Wohlfarth andWedekind 1991).

However, in several species of invertebrates (Bacci 1965: Charnov and Bull t 977) and lower vertebrates [START_REF] Conover | Adaptative signlflcance of temperature dependent sex determlnatlon •ln a flsh[END_REF][START_REF] Adkins-Regan | Hormones and sexual dlfferentiation[END_REF][START_REF] Dournon | Temperature sex reversai in amphibians and reptiles. !nt[END_REF], environmental factors can determine the phenotypic sex, independently of the genotypic sex determined durlng fertillzation. Temperature is the major factor in the environmental sex determination of a majority of lower vertebrates [START_REF] Bull | Evolution of sex determining mechanîsms[END_REF]. ln fish, the use of various hormone treatments inducing functional inversions artificially has shown a high level of plasticity in gonadal differentiation (Yamamoto 1969;Hunter and Donaldson 1983). Moreover, environmental factors (social and thermal) are known to influence sex determination in hermaphrodites (Harrington 196 7, 1968(Harrington 196 7, , 1971;;Reinboth 1975;[START_REF] Bruslé | La gonadogenèse des poissons[END_REF][START_REF] Chan | Sex contrai and sex reversai in fish under natural conditions[END_REF]. lt is only in the last ten years that thermodependent sex determination has been identified in a gonochoristic fish [START_REF] Conover | Environmental sex determînatîon: Interaction of temperature and genotype în[END_REF][START_REF] Conover | Adaptative signlflcance of temperature dependent sex determlnatlon •ln a flsh[END_REF][START_REF] Conover | Temperature sensitive period of sex determination in Men/dia menidia[END_REF][START_REF] Conover | Adaptative signlflcance of temperature dependent sex determlnatlon •ln a flsh[END_REF]Heins 1987 a, 1987b). ln species where heterogamety cannot simply account for the varied sex ratios observed, environmental factors could be involved [START_REF] Conover | Adaptative signlflcance of temperature dependent sex determlnatlon •ln a flsh[END_REF]fleisher 1986: Chourrout 1988). Sibling sex reversed males of O. niloticuswith a majority of progenies showing unexpected sex ratios, based on a classic monofactorial mode!, were recently produced (Baroiller, this vol.). Studies on the effect of high rearing temperatures on the sex ratio were consequently conducted on this type of progeny.

Materlals and Methods

Animais

Seven sex reversed males produced by hormone treatment using a family of fry of O. niloticus of the "Bouake strain" (Baroiller et al., in press) were identified by their all-female individual progeny. One of these sex reversed males was bred again and a sex reversai treatment was applied to its entire progeny (Baroiller, this vol.). Nine of the sex reversed males thus produced were selected for breeding and placed individually with normal females at a sex ratio of 4: 1 in 400-1 aquaria. Most of the sex reversed males originating from the same stock produced theoretically unexpected males (Baroiller, this vol.). One of these males (male 03) naturally originating from a sex reversed male was used as a broodfish in the present experiment. The water temperature was kept at 2 7°C using a thermoregulatlng device. Each animal was identified by a tag inserted in its dorsal musculature. Reproduction was detected by the onset of maternai mouthbrooding behavior (eggs then fry) which is characterized by the dilation of the female's mouth. As soon as this particular characteristic was observed, ail other individuals were removed leaving the female to incubate in the aquarium. Five days after hatching, I.e., nine days post-fertilization (dPF), fry were removed from the mother's mouth. Each progeny, identified by its fertilization date and the tags on the parents, was divided into two to five equal batches of at least 100 individuals. Each batch was reared separately in 200-1 aquaria. The water in the aquaria was filtered, aerated and thermoregulated. Batches for exposure to high temperatures were placed in small 0.5-1 plastic containers containing an air stone. These containers were left afloat in the aquaria for a few hours for temperature adjustment before releasing the fry which remained 21 days in the thermoregulated aquarium. This period corresponds to the optimum treatment duration to produce ail-male populations by hormonal sex reversai with a natural androgen, 11 B-hydroxyandrostenedione ( 11 B-OH~4) (Baroiller and Toguyeni, this vol.). Fry were fed ad libitum six times a day and seven days a week using firstfeeding salmonid feed (Aqualim) distributed by an automatic feeder during the 12-hour photoperiod. Seventeen sex reversed male progenies were used in the present study. After treatment, batches of one month-old fry were stocked individually in externat 1 .5-m 3 tanks where they were fed ad libitum six times a day and six days a week until sexing at 60-90 dPF.

Jdentlflcatlon oF the Phenotyplc Sex

At a minimal age of two to three months, when the histological characteristics of the male and female differentiation are already established (Baroiller 1988a(Baroiller , 1988b)), ail fry from each batch were dissected and their gonads examined by simple squash, using a t 25X microscope.

The presence of previtellogenic or vitellogenic oocytes and the lobular configuration revealed the ovary and the testis, respectively, and consequently the phenotypic sex.

Results

The mean survival rate (5) at the time of sexing did not differ significantly between the contrai batches reared at temperatures of 26-29°C (S = 76.2% for 1,879 sexed fry) and the batches subjected to hlgher temperatures ranging from 30 to 36°C (S = 74.2% for 2,880 fry). These survivais produced batches of an average of 1 OO individuals at the time of sexing.

For three families offry MXX9 x FXX10, MXX9 x FXX 11 and MXX7 x FXX7, two contrai batches were reared at a mean temperature of 28°C (Tables 1 and2). No significant difference was observed in the sex ratio among batches of the same family.

Seventeen families of fry, each divided into several batches, were reared at two temperatures: 20 batches served as contrais (temperatures of 26-29°C); and 32 batches were exposed to higher rearing temperatures ranging from 30 to 36°C (Table 3). Compared to con trois, 16 of these familles showed different sex ratios in at least one of the experimental batches (Tables 1 and2, Fig. 1). These deviations in sex ratios cannot be attributed to differential mortalities related to high temperatures. The low mortality rate observed in most batches does not sufficiently explain these large deviations. ln the XX17 x XXl 1 cross especially, the seven and six deaths observed in the contrai batch and in the batch exposed to 36°C, respectively, cannot explain the difference of 91% of males between the two populations of 99 and 1 OO fry previously identified. The sex ratios of progenies from sex reversed 249 males of O. niloticuswere therefore directly influenced by the high rearing temperatures.

No slgniflcant difference in sex ratios was observed between the batches exposed to 31 °C and the contrai batch (Table 3). Among the sex ratios of six batches exposed to 32-33°C, l'ive ofthem were significantly biased towards the males compared to the percentages observed in the contrai batches exposed to 2 7°C (Table 3). Between 34 and 36°C, 20 batches out of 23 showed significant changes in the percentage of males as compared to thelr respective contrai batches. For temperatures ;::; 32°C, proportions of males in experimental populations increased from 0 to 91 % as compared to the contrai• sex ratios.

The intensity of response was neither directly proportional to the temperature applied, nor to the percentage of males produced at the contrai temperature. Progenies differed significantly in their sensitivity to temperature, both vis-à-vis an effective minimal temperature and in the extent of deviation in sex ratios in identical culture conditions. ln experiments using the same temperature of 36°C, changing male sex ratios (14.1 to 91 %) were observed depending on the progenies (Tables 1 and2). Strong paternal (XX9 x XX16/XX18 x XX.16) and maternai (XX17 x XX15/XX17 x XX11) influences were observed on the thermosensltivity of the progenies (Table 3). However, the proportion of males increased with the temperature in nearly ail experimental batches.

Out of ail progenies used, only one family showed no deviation in sex ratio regardless of the temperature used. ln contrast to ail other experiments, temperature treatments were applied to fry from the XX4 x XXS cross only after 15 dPF instead of 9-13 dPF. This result probably reflects a critical period of thermosensltivity. Beyond certain stages of differentiation, the gonadal sex may no longer be influenced by external factors such as temperature.

The progeny from the XX t 7 x XX 11 cross, with a sex ratio corresponding to the expected sex ratio following a simple genetic model in a se.x reversed male of O. niloticus, also showed a thetmosensitive differentiation.

Similarly, the progeny of an unexpected male (male 03) from a cross between a sex reversed male and a normal female also showed a thermosensitive differentiation.
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Discussion

Very few studies have analyzed the environmental factors possibly involved in the sex determination of fish. Most studies have focused exdusively on hermaphrodite species. ln these species, the influence of environmental fac.tors on natural sex reversai has been demonstrated (reviews of Reinboth 1975; [START_REF] Chan | Sex contrai and sex reversai in fish under natural conditions[END_REF]. ln RJvulus marmorâtusespecially, low temperatures produced primary males (Harrington 196 7, 1968) and variations in the photoperiod resulted in the production of secondary males [START_REF] Harrington | How ecologlcal and genetlc factors lnteract to determlne when self-fertillzlng hermaphrodites of Rlvulus marmoratus change into functlonal secondary males. with a reappraisal of the modes of intersexuallty among fishes[END_REF]. ln gonochoristic species, only the studies on Menidia menidia. [START_REF] Conover | Adaptative signlflcance of temperature dependent sex determlnatlon •ln a flsh[END_REF]Kynard 1981 : Conover 1984;[START_REF] Conover | Temperature sensitive period of sex determination in Men/dia menidia[END_REF][START_REF] Conover | Adaptative signlflcance of temperature dependent sex determlnatlon •ln a flsh[END_REF]Heins 1987 a, 1987b) clearly demonstrated the effect of externat factors. Based on samples taken from the wild. a species of the same genus.

M. peninsulae, may also . show thermosensitivity [START_REF] Middaugh | Influence of envlronmental temperature on sex ratios ln the tldewater silverslde, Menidia peninsu/ae (Plsces: Atherinidae)[END_REF]. Studies on viviparous species such as Poeciliopsis /udda suggest an envi ronmental influence on sex determination. However, the deviations observed could be due to the effects of temperature (Sullivan and Schultz 1986), or of pH (Rubin 1985) on the physiology of the maternai parent, and might not reflect a direct effect on the embryo .. ln the rainbow trout ( Oncorhynchus mykiss), heat shocks of zs or Z9°C or longer exposures to 23°C do not significantly modify the sex ratio (Van den Hurk and Lambert 1982). ln tilapias, potential thermosensitivity has been studied in three species. ln O. aureus, O. nlloticus and their hybrids, low survivais (:::;; 26%) and the smalt average quantity of fry (23-28) produced in batches exposed to extreme temperatures ( 19.5 and 3Z 0 C) prevented differential mortality from being exduded as causal factor (Mair et al. 1990). In the same study, the sex ratios of two batches of O. mossa.mblcus exposed to 19-Z0°C differed signifîcantly from the sex ratios of their contrais, with a bias towards the male sex. However, the survivais (10.6 and 35.3%) and the number of fry ( 18 and 41, respectively) from batches exposed to low temperature did not lead to obvious conclusions. ln view of the re\atively high survivais and numbers of fry used in the present study, the hypothesis of a differential mortality cannot explain the deviations observed in the sex ratio of progenies from sex reversed males of O. niloticus.

Temperature may therefore have an effect on sex determination in O. niloticus. the proportions of males within a single family are, independent of the rearing temperature (26~36"C), under high paternal and maternai influences. At 34"C and above, a clear environmental effect on the sex ratio shows thermosensitive differentiation in progenies from sex reversed males of O. niloticus. ln M. menidia, the effect of temperature on the sex ratio is also under strong paternal influence: some progenies do not seem to be affected by the rearing temperatures; significant male and female percentages are observed at extreme temperatures (Conover and Heins 1987b). Sex determination in M. menidia.

is considered to be an intermediate step between an entirely genetic determina~ tian and an excfusively environmental determination (Conover and Heins 1987b). ln reptiles showing environmental sex de~ termination, an insignificant genetic base is found only in narrow ranges (sometimes only z °C) around the temperature thresholds and only one sex is produced at extreme temperatures [START_REF] Bull | Heritability of sex ratios in turtles wfth environmental sex determination[END_REF]; sex determination in such situations thus depends entirely on the environment. ln O. niloticus, the environmental intluence on sex determination can operate during a specific critical period of thermosensitivity: between 9 and 13 dPF. Beyond this range, sex dlfferentiation is probably irreversible, at least vis-à-vis externat factors, and would then correspond to the genotype. A Z 1-day thermal treatment yields 91 % maximum devlations if initiated before the 1 Sth dPF. Additional experiments are, however, necessary to determine accurately the duration of the critical period. Histologically, two basic events in oogenesis occur between 20 and 35 dPF at 27°C: oogonia proliferate between 20 and 28, dPF followed by the first prophase between ZS to 35 dPF, or 756 to 945 degrees x days (Baroiller 1988a and b). During the same period, the highly progressive multiplication of the somatic and spermatogonla occurs in the testis (Baroiller 1988a and b). The chronology of these events depends on the rearing temperature and seems to be more accurately determined by a number of degrees x days than by an absolute age (this study). During a Z 1-day treatment beginning 10 dPF, high temperatures are applied before and at the onset of these events. ln M. menidia, sensîtivity totemper ature also occurs du ring a predse crltlcal period at the end of which gonadal sex differentiation takes place. The time of occurrence and the duration of this perlod depend upon the temperature [START_REF] Conover | Environmental sex determînatîon: Interaction of temperature and genotype în[END_REF] ; Conover and Heins t 987b). The same occurs ln turtles (Yntema 1979;Pi eau and Dorizzi 1981) and in alligators [START_REF] Ferguson | Temperature of egg Incubation determlnes sex ln Alligator mississlplensls[END_REF].

The c:hronological characteristics of this period as determined in the present study correspond, as in reptiles [START_REF] Gutzke | Sensitive perlods durlng embryogeny for hormonally lnduced sex determination in turtles[END_REF] to the period of sensitivity to hormonal treatment in the same speci es (Barolller and Toguyeni, this vol.). ln O. nllotlcus, hormonal sex reversai treatments using an androgen identifled in vitro and testis-speciftc at the early stages of its ontogenesis (Baroiller 1988a and b) can be used to determine a period of hormonal sensltlvlty: to be efficient, the treatment with 1 t B-OH.::i4 should begin before t 5 dPF (Baroiller and Toguyeni, this vol.) and should last 21 days. However, 253 in thermosensitive turtle species such as Emys orbicularis, production of some steroids (estrogens), normally regulated via the genotype, would become thermodependent beyond certain critical temperature thresholds (Oorizzi et al. 1991). A thermosensitive factor may be involved in the regulation of the synthesis of enzymes that are specific to the estrogen production [START_REF] Pieau | Une hypothèse sur l'implication des hormones oestrogènes dans la différenciation sexuelle des gonades chei. les amphibiens, les reptiles et les oiseaux. ln •Association des physiologistes[END_REF]. The level of these steroids would then determine the phenotypk sex. Such pattern may exist in most species with thermodependent sex determination (Zarborskl et al. 1988).

Recent studies of O. nlloticus show that this type of environmental sex determination is found in progenles from normal males and females (Baroiller et al .. unpublished data). ln O. niloticus, sensitivity to temperature similar to that observed in M. men/dia is described in the present study. The 34°C thermal threshold for thermosensitivity can be experienced by tilaplas in the wild as well as in culture conditions (Denzer 1968: Philippart and Ruwet t 982). This characteristic in sex determlnation could explain part of the unexpected results described in the literature. Environmental sex determination could be far more common than initially believed [START_REF] Conover | Adaptative signlflcance of temperature dependent sex determlnatlon •ln a flsh[END_REF]Zaborski et al. t 988). ln the platyflsh (Xlphophorus maculatus) in which genetic determination is well-establlshed, unexpected sex ratios have also been observed, induding some within a population. Long and complex studies have shown autosomal interactions in species possessing several sex-specifîc markers [START_REF] Kallman | A new look at sex determination in poeclllld flshes[END_REF]. ln view ofthese experimental difficulties, these analyses calinot be reasonably conducted on ail species presenting unexplained sex ratios. The present study suggests that a potential thermosensitivity in the species studied should first be investigated before undertakîng further studies.

Table 1_ Characterlstlcs of Oreochromls nJJotlcus fry reare:d at dlfferent te-mperatures: for detalls of parental crosses, see text. Pare-rital cross

 1_ Effects of temperature {Z7-36°C) on the percentages of males in the progeny of Oreodlromis nllotlcus from various parental crosses: for details on parental crosses, see Table1and text; scale bars represent standard errors and asterisks represent levels of slgnlflcant dlfferences of the hlgh temperature from lower temperatures ln that group (•p<0.05: .. p<0.01; ... p<0.001).

		r•c	lnl!lal age Survlval	Survlval	Male-s		
	(MX F)	(± range)	(dPF)		(no_)	(%)	(no.)		(%)
												M
	XX X XX	Z7±2 35±2		13 13		141 67	47 22		36 56		25.5 83.6	62.05 T T
	XXO xXXO	26;,2.5 eo		10		152	76		34		22.4
	XX1 xXXl XX4xXX7 XX4xXX5 XX4x XX5	34: l.5 36:1.5 27:2 31:1.5 36±2 Z9=l 31±1 35., l.5 36: l.5 28±1 34±1 35±1 E 60 • • "S 0 8 .e c 40 • ~ l. 28±1.5 20		10 10 9 9 9 10 10 10 10 15 15 15 9		125 23 96 78 80 103 109 105 54 101 110 98 104	62.5 11.5 90.6 73.6 25 94.5 100 96.3 49_5 84.2 91.7 81.7 36 95_4	ll4 î 29 28	107 20 1 0 2.0 l 2 13 15 4 9 5 3	'" î	85.6 86.9 l 0 25 1 1.8 12.4 27.8 4 8.2 5.1 ~ 2.9 34T	'O T	109.74 39.1 0.011 21.61 0.002 9.04 24.96 0.97 0.002
		33.,1		9		101	92.7		14		13_9	6.73
		36±1.5		9		67	61.5		38		56.7	61.86
	XX7 X XX7	Z8=l.5		Il		90	90		34		37.8
		28±1.5 35"'2	XXI	ll 11	XK4	89 88 XXII	89 88 XXl7	XX9	29 54	XX7	32.6 61.4 XXII	16.4 xxo
	XX9xXXl0	28±1.5		11		78	69.6 Sel< reverse<! males 27	34.6
		28±1.5		ll		68	60.7		23		33.8
	Fig. 1.	34±2,		ll		79	70.5	'41		51.9	6.63
	XX9xXX11	:Z8±1.5		10		104	97.2		10		9.6
		28±1		10		107	100		10		9_3
		34± 1.5		10		98	94.2		30		30.6	20.5
		35±1.5		10		93	89.4		47		50.5	63.3
	XX9xXX12	27±2		10		97	94.2		2		Z-1
		33± 1.5		10		80	77.7		10		12.5	5.99
		36±1.5		10		94	91.3		zo		21.3	15.46
	XX9 X XX16	28±1.5		10		21			3		14.3
		36±1.5		10		44			29		65.9	13.6
	XX1lxXXS	27±2-5		11		119	94_4		5		4.2
		34±2		11		119	94.4		4		3.4	0.000
		36± l.5		11		104	82.S		19		18.3	10.02
	XX17xXX15	27±2		10		54	51.9		2		3.7
		32= 1.5		10		92	88.5		IB		19.6	5.06
		36±2		10		81	77_9		39		48.1	28.2
	XXl7xXXl1	28±1.5		10		99	93.4		0		0
		3L±L5		10		106	100		8		7.5	5.89
		36±1.5		10		100	94.3		91		91	162.35
	XXl7xXXl6	28±1.5		10		53			21		39.6
		32±1.S		10		99			66		66.7	9_24
	XX18xXX16	28± l.5		12		101	95_3		4		4
		31 ±1.5		1Z		101	95.3		0		0	2.29
		3Z±1.5		12		93	87.7		1		1.2	0.66
		35±1		12		105	99.1		l		1.9	0.214
		36±2		lZ		67	63.2		zz		32.8	23.5
	XXD3 x XXl 7	:Z8±l.5		10		102	86.4		8		7.84
		34±1.5		10		118	100		71		60.2	62.83
		34± l.5		10		102	86.4		66		64.7	68.89
	'"p<0.05: .. p<0.01: ... p<0.001.								

Control

x' (level of slgnlflcance)'

Table Z .

 Z Sex ratio responses in batches of

	Oreochromis niloticus fry reared at different
	temperatures.		
	Temperatures	No. batches	No. significant
	{oC)	tested	responses
	31	3	0
	3Z 33	4 z	3 z
	34	7	6
	35	6	4
	36	10	10

Table 3 .

 3 Parental effect on the sex ratios of

	Oreochromls n/lotlcus fry reared at different
	temperatures: for details on parental crosses, see
	text.			
			%Males	
	Parental	Control at 36°C Dlfference•
	cross Mx f			{%)
	XX4xXX5	2.9	56.7	53.8
	XX4xXX7	1	27.8	26.8**
	XX9 xXX12	2.1	21.3	19.2
	XX9xXX16	14.3	65.9	51.6 ...
	XX17xXX15	3.7	48.1	44.4
	XX17xXX11	0	91	91* ..
	XX9 xXX16	14.3	65.9	51.6
	XX18xXX16	4	32.8	28.s••
	... p<0.01; ... p<0.001.		
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