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Basis of the Sexual and Territorial Behavior in Males of Oreochromls nllotlcus and Oreochromls mossamblcus

This study compared the social hlerarchy of three groups of five males of two tilapia species:

Oreochromls nlloticus and Oreochromls mossambicus. Measurements of clrculating steroid (testosterone, 11-KT and 17 .20P) showed hlgh testosterone levels in dominant males of O. niloticus, whereas no slgniflcant dlfference was observed in the levels of testosterone between dominant and domlnated males of O. mossambicus. ln O. niloticus, highly aggress.ive and territorial behaviors are correlated whereas O. mossambicus has low endocrine levels and does not have a highly hierarchlcal social behavior. ln O. niloticus, the color of the dominant male ls testosterone-dependent and has an appeasing function: pre-spawning females adopt this color after a sharp lncrease ln testosterone and are thus able to enter the nest guarded by the male.

The use of dlfferent sterold Implants confirms the rote of testosterone in the aggresslve behavîor of the tilapla. allowing some fish to rise in the social hierarchy. The effec.ts. of t t •KT are more obvious for nest-digging activities than for chasing behavlor.

Introduction

Previous studîes have shown a correlation between gonadal cydes, circulating steroid levels and sexual behavîor in many fish, especially in salmonîds [START_REF] Liley | Hormones. pheromones and reproductive behavlor ln flsh[END_REF].

ln clchlids, [START_REF] Aronson | Influence of the stimuli provided by the male cichlid flsh Tilapiâ milcrocephala on the spawnlng frequency of the female[END_REF][START_REF] Aronson | Factors influencing the spawning frequen<::y in the female cichlid fü;h Tllapla macrocepha/a[END_REF] desc.ribed the role of externat stimuli (visual stimuli, sound emîsslon, contact between the lateral lines and chemîcal communication) produced by other mates on spawning frequency. In Oreochromis mossamblcus, Silverman ( 1978aSilverman ( , 1978b) ) suggested an effect comparable to pheromones as shown by Salomon ( 1977) in other species. ln O. mossam~ bleus, males as well as females can increase spawning frequency.

This study compares the social behavior and the endocrine levels of two species of tilapia: Oreochromis nl/oticus and O. mossambicus.

Materlals and Methods

Flsh

The fish used in the experiments were O. niloticus from a laboratory straln originally coming from Bouake (Côte d'ivoire). Ali animais came from the same culture batch and were one year old. They measured 14.5±1.29 cm and weighed 96.'.h3.5 g (mean body weight). Experiments were performed every year between April and September from 1989 to 1992.

for O. mossamblcus, the animais came from a strain developed in Louvain-la-Neuve (Belgium) by Ursula Falter. ln this experiment, 10 females of O. mossamblcus and eight females of O. nHotlcus were used as well as t 5 males of each species.

Culture Conditions

Outside experlmental periods, males and females were separated and placed in tanks containing 0.5 m' recirculated water kept at 2 7°C. These tanks contained only tilapias. During experimental periods, the animais were placed in 300-1 glass tanks containing adsorbing sand at the bottom and were transferred during tests to an 800-1 tank also containing adsorbing sand at the bottom.

Experlmenta/ Protoco/s and Ethograms

Males were dlvided into groups of five animais. An ethogram was used to establish the social hierarchy for each of these groups and to visualize the social relationships within the group. For easy identification, the animais were tagged by fixing a nylon string with different colored beads formlng a determined pattern on the posterior part of the head. The fish were anesthetlzed and a blood test was done before and after a series of behavioral tests conducted over a five-day period to evaluate their social hierarchy. These tests were triplicated for each groups.

On the ethogram where the five fish are represented in a circle (see fig. f), the dominant male, i.e., that which directs the greatest number of activities towards its conspecifics, is placed at the top. The dominated animal, i.e., that which sustains the greatest number of aggressive actions wîthout reciprocation, is placed at the bottom. lnterac-tions between animais are represented by arrows oriented in the direction of the action. The thicker the line, the hlgher the number of aggressive actions between fish. The number of fish is indicated in drdes.

Social and Sexua/ Behal'/or

The different elements of the social and sexual behavior were recorded during a series of 10-minute tests every hour, eight times a day. This behavlor was characterlzed by pursuits, mouthto-mouth contacts, mouth-to-flank contacts, parallel swlmming, erectlon of the dorsal fin and nest-digging with removal of sand.

E.ach group studied was composed of five males of slmilar size and body weight.

B/ood Tests

The animais were anesthetized individually wlth a solution of phenoxyethanol at 2 ml• l-1 of water poured in a t 0-1 water tank. Blood was taken ( tt.5 ml) between 0900 and t 1 OO hours using a 2-ml heparinized syringe, and preserved in an ice box before centrifugation of ail samples in a refrigerated centrifuge (4°C} for 10 minutes at 2,500 revolutions per minute.

Hormone Assay

Hormone concentrations were determined by radio-immunology. Testosterone and 11-KT were measured using the method developed by fostler et al. (1982). giving a coefficient of variation of 8. t 2% ( 18.4 ng•ml-1 , n= t 5) for testosterone and 6. 3 7% ( t 7 .5 ng•m1• 1 , n= t 5) for 11-KT. The method described by fostler et al. ( t 981} was used to measure 1 7 .2P with a coefficient of variation of S. 74% (9.25 ng, n= 15). 

Statlstlcal Analysls

Paired comparison was done after an analysis of variance and Barlett's test. Data were compared using a t-test. Unless otherwise indkated, the level of significance was P=0.05.

Results

Ethogr11ms oF the Male Graups

The study of the three groups of flve males clearly showed the presence of a dominant male in two groups, whereas social relationships in the third group were much more homogeneous although a dominant male could be recognized. Interactions between the fish also showed a second dominant animal. This was confirmed by the withdrawal of the dominant animal. Fig. t shows three diagrams summarizing ail activities directed to the other fish within the groups: pursuits, mouth-to-flank and mouth-tomouth contacts, and erection of the dorsal fin when approaching another fish. mossambicus, no significant difference was observed. The same differences were observed, although somewhat reduced,

Hormone levels and
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., in the levels of the two other steroids (11-KT and 17.20P).

Hormone LeJ'e/s and Sound Emission ln Males

ln a collaborative study with U. Falter and Olivier Dufayt from the University of Louvain-la-Neuve (Belgium). we have for the first time established a correlation between sound emissions in males of these two species and other behavior patterns.

The male defending its territory chases the other fish (other males or females that are not ready to spawn) and emits a brief sound for less than half a sec-ond. The frequency of this sound emission is high: 400-700 Hz in O. niloticus and approximately 250 Hz in O. mossamblcus.

These emissions which are charactetistics in dominant males are, like in the defense of the territory, dependent on plasma testosterone. Only the dominant males can emit these sounds.

Hormone Lel'els and Acceptance oF the Female by Territorial Males

ln O. nllot/cus, the color taken by the pre-spawning females (which is identical to that of the dominant male) is related to the high level of aggressive behavior in this species. This color pattern inhibits the aggressive behavior of the male that accepts the female of the same col or. We have observed that some males with strong color patterns are sometimes accepted in the nest of the territorial male. The analysis of the female hormone levels (Fig. 3) showed that the change in color is correlated to an important testosterone level, particularly when the female is ready to spawn. ln O. mossambicus, although the same high testosterone level has been observed in the pre-spawning females, changes in the color pattern cannot be perceived by the human eye. The other steroids, circulating at relatively low levels, involve very few changes regardless of the species.

EFFect of Sterold Implants on the Social Behavlor of O. nllotlcus

In order to complete our study and to confirm the action of steroids on the social behavior of fish, we used implants with various quantities of several steroids in the flsh and studied their effect by observing the corresponding ethogram. Three animais out of a group of five received steroid implants while the two others were used as control.

First, we studied the dynamics of release of pure testosterone from the implants at O. 5 mg• t OO mg-1 implant 50 m1-1 saline solution. Between 6 and 36 hours, the quantity of hormone released was relatively stable for 1. 75± 0.25 ng•ml-1 • The animais receiving testosterone implants showed increased aggressiveness, thereby rising in the social hierarchy (Fig. 4), the number of pursuits increasing four hours after the implantation of steroids. The nest-digging behavior did not vary significantly in the three days following the implantation (Fig. 5).
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The controls' aggressive behavior decreased signlficantly in terms of pursuits and nest-digging activities. This reduced activity can be explained by increased activity and aggresslveness of the animais with implants living with them (Fig. 6).

There was also a significant increase in nest-digging activities in the animais with implants of t 1-KT after implantation (Fig. 7). ln contrast, the implantation of 17.ZOP did not cause any significant change in behavior aside from a general reduced level of activity (Fig. 8).

Conclusion

These results show the significant role of testosterone in the territorial behavior of males and in the species' level of aggressiveness. The sounds emitted by dominant males during pursuits against conspeciflcs, or to accompany and guide the female ready to spawn to the nest, are testosterone-dependent. This hormone is also responsible for the change in color pattern ln the dominant male. This phenomenon is also observed in pre-spawning females which can thus enter the nest. The adoption of this malespecific color by the female has an lnhlbitory effect on the aggressive behavlor of the territorial male. ln O. mossambicus, the aggressive behavior is practically nonexistent and endocrine levels are also much lower. The female does not need to take on the male-specific color pattern to be accepted by the male.

Ketotestosterone has a more obvious effect on nest-digging actlvlty. Hence, the various hormones have each a specific action on social and reproductive behaviors. However, the steroid t 7 .ZOP does not seem to have any direct action on male behavior when implanted. Yet, studies by [START_REF] Stacey | Function and evolution of fish hormonal pheromones[END_REF] have shown that this steroid may act as a pheromone in goldfish ( Carassius auratus). The different steroids thus appear to have a specific raie in the different sequences of behavior involved in the defense of the territory and in the development of the reproductive behavior.
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 t Fig. t. Ethograms for three groups of five males of Oreochromls niloticus. The numbers ln clrcles indicate individuai flsh. Numbers along arrows lndlcate the numbers of aggresslve actions (see text).
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 2 Fig. 2. Sterold hormone levels and social hierarchy in Oreochromis ni/oticus and Q_ mossamb/cus. On the ethograms, * ~dominant. N and M refer to the species used, and D ~ dominated (see text for discussion of comparisons and slgnlflcance of differences).
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 34 Fig. 3. Comparative study of sterold levels ln female of Oreochromis nlloticus and O. mossamblcus.
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 5 Fig. 5. Hfect of implants (testosterone 0.25 mg) on the social behavlor of Oreochromis nl/otkus.

Fig. 6 .Fig. 7 .

 67 Fig. 6. Effect of implants (control) on the social.behavlor of Oreochromis ni/otlcus.
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 8 Fig. 8. Effect of implants ( 1 7 .ZOP 0.25 mg) on the social behavlor of Oreochromls nllotlcus.