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Sex Determination in African Cichlids: Genetic or Environmental 

(socially regulated)?
My thesis project seeks to elucidate the mechanism of sex-determination in the African Cichlid Fish Astatotilapia burtoni. It is my goal to understand the role of social interaction in the process of sex-determination by studying early juvenile development in controlled social environments through the following specific aims.

Specific Aim 1: To establish the sex ratio of fish raised individually as compared to those raised in a group. 
Specific Aim 2: To correlate growthrate and sex differentiation by accurately recording body mass prior to and during sex differentiation.
Background and Significance


There are two broad categories of sex determination: genotypic and environmental. Genotypic sex determination occurs via sex chromosomes (or sex determining genes on undifferentiated autosomes) passed on to the embryo at the time of fertilization (Crews, 1993). Environmental sex determination exists in two forms: temperature-dependent and behavior-dependent. Temperature-dependent sex determination is common in oviparous reptiles where the egg incubation temperature determines the sex of the offspring (Crews 1993, 2003). The final mode of sex determination, behavior-dependent, characterizes many reef fishes in which social interaction influences gonadal sex (Crews 1993).


African cichlid fish are an ideal model system to study behavior-dependent sex determination because 


The importance of social interaction in the sexual maturation of one species of cichlid fish is well documented. Francis and Barlow showed that sex differentiation in the Midas cichlid is mediated by relative body size during the juvenile stage of development (1993). Removal of large fish from a tank of juveniles dramatically increases the growth rate of the largest remaining fish, indicating social determination of maturation rate (Francis, 1993). It is hypothesized that such a system would evolve where there is intense competition for mates and only a few males are able to breed successfully (Fraley, 1982). Francis and Barlow were unable, however, to ascertain the point at which gonadal differentiation occurs which is a goal of this project.


In addition to social factors, hormones are key in sex determination. Generally, estrogen feminizes embryos while aromatase converts testosterone to estradiol and makes males (Crews, 2003). According to David Crews, males evolved after evolution of self-replicating (female) organisms and therefore maleness is often imposed on a female phenotype (Crews, 1993). This is accomplished via hormones such as progesterone. Progesterone works with estrogen to make females receptive to males but in males small amounts of progesterone work with testosterone increase male sexual behavior as well (Crews, 1993). 


While it is clear that hormones and social interaction (behavior) are both important in sex determination it is unclear how the two are related. What can be said is that growth pattern, hormone secretion, behavior are expressions of brain activity and which could be the key to connecting the three (Crew, 2003). Scientist have observed that electrical stimulation of appropriate areas of the brain changes gonadal steroid secretion and gonadotropin-releasing hormone containing cells in the brain are sensitive to changes in social status (Crews, 1993, White et al., 2002.). 

The Hofmann lab studies the molecular mechanisms for socially regulated sex-role behaviors in the cichlid fish, Astatotilapia burtoni from the Lake Tanganyika, Africa.  To date these studies have focused mainly on adult fish. However study of neural changes during development will necessary to understand the mechanism of sex determination in African cichlids. 

Methods and Materials:

Focal Species: This study will use juvenile A. burtoni. This species is sexually dimorphic, polygynous, and maternal mouth brooders. Male A. Burtoni tend to be larger than females and can exist as territorial or non-territorial. Territorial males are large, aggressive, brightly colored, with eye bars and orange anal fin spots (Fraley, 1982). Non-territorial males do not defend territories and are more like females in appearance. A. burtoni have a 1:1 sex ratio when communally reared. A. Burtoni do not show sex change as adults (Rhodes, 1996).
Aim 1 – Experimental Design: I will compare group sex ratio to the sex ratio of produces when juveniles are reared individually.  This study will reveal the importance of social interaction in sex-determination. 

Juvenile fish will be stripped from the mother at ~10 days after fertilization ( ~3 days prior to natural expulsion). Fifteen juveniles will be raised in physical isolation and 25 of which will be group housed. The isolated fish will be raised in numbered opaque plastic beakers with pores to allow water flow. Due to the pores, olfactory cues will be available to the isolated fish however experiments by Fraley suggest that olfactory cues play little to no role in sex-determination in A. burtoni (Fraley, 1982). However, her work does indicate that visual cues are important and these will be limited by the translucent containers in which they are raised. The beakers containing isolated fish will be floated in the same 10-gallon tank in which the group-housed fish are raised in order to ensure uniform water conditions.  This tank will be supported on an independent filtration system in order to avoid olfactory cues from adult fish.


Sex determination will be possible when eggs spots are visible on the male anal
fin at about 3 months.  Additionally the animals will be killed to confirm sex by inspection of the gonads. 
Expected outcome and interpretation: 


A 1:1 sex ratio is expected in the group housed control fish, because this is standard in the Hofmann lab. A deviation from this ratio would indicate environmental sex determination but it would confound the experiment and I would be unable to determine if social environment also plays a role in sex determination.

A 1:1 sex ratio in the individually housed fish will support the hypothesis that sex is determined genetically in this species, however it cannot rule out the possibility that social interactions such as olfactory cues may play a role. 

The result of a single sex cohort in the individually housed fish would suggest that there is one default sex and that social interaction is necessary to produce the 1:1 sex ratio that is normally observed for this species.
Aim 2 - Experimental Design: My second aim is to compile growth rate data from birth to maturation to determining if it varies with sex. The animals and housing situation described above will also be used to accomplish this goal. The fish are weighed on a {TYPE OF SCALE}. A weigh boat is placed on the scale and then the scale is stabilized. Fish are transferred individually into the weigh boat, their weight recorded in mg, and then the fish are replaced in their containment beakers or group tank. The average preliminary weight I have recorded over the last month is {WEIGHT AVERAGE}. I will produce growth curves for the two populations and compare the growth rate of individual vs. group housed fish.  

The individual growth rates will be analyzed with regard to sex. 
Expected outcome and interpretation: 


If the individuals show a 1:1 sex ratio the growth rate for the two sexes can be directly compared in order to determine if males grow more rapidly than females. The weekly time measurements will allow us to determine the period during development at which this difference occurs.

If the individuals show single sex phenotype, their growth rate will be compared to that of the group housed fish.  The difference between these two populations may be due to the factor of sex.
Timeline

The duration of maturation will be concluded within a single semester allowing for completion of the proposed experiments, and analysis of the data. This data will reveal whether the growth rates of individuals are different between the sexes.  With this information we will be able to identify the sex of an individual prior to gonad maturation.  
Summary and Future Directions

This will be a useful and important step toward a more thorough understanding of the social, genetic, environmental and molecular mechanisms of sex determination.  This information will be necessary for future gene expression analysis of juvenile brains prior to gonad formation. These future assays for gene expression will help link behavior and growth rate with the associated neural changes that go along with sex determination. It is important to know how social interaction controls sex determination on both physiological and neural levels
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