Female Metriaclima zebra prefer victorious males.
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Females of a widespread species of the rock-dwelling haplochromine cichlids of Lake Malawi, Metriaclima zebra, show preference for males who successfully evict intruding males from their territory. This behavior, experimentally induced by the investigators in a laboratory setting, was also preferred over males that were not permitted to interact with any other individual. 
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Aggressive male-male contests are a widespread phenomenon amongst vertebrates and are considered one of the common types of interactions involved in sexual selection 


(Darwin, 1871; Andersson, 1994) ADDIN EN.CITE . These intrasexual contests are often studied separately from female mate choice even though there are many reasons why female preference should be influenced by male-male competition (Qvarnstrom & Forsgren, 1998).  For example, male-male contests may be an honest signal of genetic quality or of an ability to provide direct benefits. The intense male-male competition for territories and opportunities for female choice among the rock-dwelling haplochromine cichlids of Lake Malawi present an unusual opportunity to study the interactions between these two processes.  

The haplochromine cichlid fish of Lake Malawi, a model system for studying sexual selection and speciation, represent one of the most diverse and rapidly speciating groups of vertebrates (Danley & Kocher, 2001). The Mbuna, or rock-dwelling haplochromine cichlids, are a particularly speciose group consisting of approximately 250 species that originated within the past million years (Konings, 2001; Genner et al., 2004). The pattern by which male breeding colours are distributed among the Mbuna suggest that sexual selection results in keeping similarly coloured species distinct (Allender et al., 2003). The diversification of Lake Malawi Mbuna has been accelerated by sexual selection in two ways. Some studies have found evidence that intersexual selection by female mate choice for divergent male colour patterns is primarily responsible for the diversity of male colour patterns (Barlow, 2000; Danley & Kocher, 2001). Others have found evidence that intrasexual selection via male-male interactions can account for the observed patterns of diversity (Seehausen & Schluter, 2004; Pauers et al., 2008). 

The Mbuna occur on rocky outcroppings in lek-like assemblages in which conspicuous males establish, maintain and defend territories (Fryer & Iles, 1972; Ribbink, 1991; Barlow, 1993). These territories are not only the primary sites of courtship and mating, but are also used for feeding and are maintained for as long as the male can defend it from other males (Ribbink, 1991; Barlow, 1993). Females inspect males on their territories and following ritualized courtship they may mate with one or multiple males (Kellogg et al., 1995; Parker & Kornfield, 1996). To explain patterns in reproduction, previous research has found support for the role of female choice on male colouration (Couldridge & Alexander, 2002; Jordan et al., 2003). Based on observations from across the cichlids of Africa’s Great Lakes, it is possible that the territories themselves are the objects of female choice 


(e.g., Malawi bower builders, McKaye et al., 1990;  Victoria haplochromines, Dijkstra et al., 2007; and Tanganika co-operative breeders, Kohda et al., 2009) ADDIN EN.CITE . 

Recently, though, it has been suggested that male-male competition could directly affect the diversification of male breeding colour patterns, and thus species richness, of this lineage (Seehausen & Schluter, 2004). New evidence suggests that males behave more aggressively toward similarly coloured males than toward males displaying more divergent colour patterns (Pauers et al., 2008). This phenomenon was demonstrated by comparing aggression between similarly coloured heterogeneric males and between differently coloured congeneric males. 

This study focuses on the effect that male-male contest competition has on female preference. It is predicted that if females use male-male interactions to make mate choice decisions, then females will discriminate between males by differentially associating with winners of male-male interactions. Below, a study is described where male behaviour is manipulated wherein male-male interactions have predetermined outcomes. Males are assigned the role of territorial “winner,” invading “loser,” or “non-interactor” in a territory dispute observed by a female. Female preference for each role is then measured. 

Experimental fish were second-generation descendants of wild-caught Metriaclima zebra Boulenger from the Mazini reef area of Lake Malawi (14( 05’ S, 34( 56’ E). Male breeding colours are all blue with six to eight vertical black bars along the lateral sides. The M. zebra species complex within the Mbuna consists of closely related, diverging populations. Because of their genetic similarity and phenotypic diversity, especially in regard to male breeding colour patterns, this likely represents a complex currently diversifying by sexual selection (Danley & Kocher, 2001). Fish were housed in individual tanks for at least two months prior to use in the experiment on a 12 hour light-dark cycle under broad spectrum lighting and fed once per day. Gravid females (N = 9) were used. Experimentation occurred in the laboratory and fish were returned to stock at the completion of the experiment. 

Six males were used for the stimuli. This number was sufficient to ensure unique combinations of stimuli during trials, thus avoiding pseudoreplication in that each female always saw a unique combination of males. The role (winner, loser, or non-interactor) and therefore the behaviour of the males was artificially manipulated. This controlled for other factors of behavior such as size, previous experience, and inherited traits. Using a small number of males ensured that each male was used for all social ranks, thus ensuring that female preference was measured as a function of behaviour and not of any other trait. 

The experiment was conducted using a multi-partitioned arena as modified from Grosenick (2007) (Fig. 1). A traditional dichotomous choice design was not used because these eliminate the ability to investigate complex social interactions. Test females occupied the central compartment, from which they could observe four treatment types: 1) a losing male, 2) a non-interacting male, 3) a winning male and 4) a female. While the strongest interest was in comparing the attractiveness between 1 and 3, treatments 2 and 4 were used as controls to ensure that females were not interacting with the winning or losing male as a means to simply interact with any other fish. The only transparent barriers were between the central female and the peripheral chambers being used during a given trial. All partitions between peripheral chambers were opaque. The size of the males’ compartments was reduced by 50% from the full length of the tank to the size indicated in figure 1 in order to force males to interact with one another. The size of the female compartment was the full length of the tank, and because the measure of female preference was the time spent interacting with a fish in a given compartment instead of time in proximity to a particular compartment, no correction for compartment size was necessary. Males were allowed to acclimate in their individual territories for two hours prior to introduction of the females. This time was found to be sufficient for males to display territorial behaviour, including manipulation of the rocky substrate. 

Females were added to their assigned compartments and acclimated for10 minutes, as has been used in similar studies measuring female preference (Couldridge & Alexander, 2001). One male was then removed from its compartment, suspended in a net out of the water for 30 seconds, and placed in the compartment of one of the other males. The combined stresses from being removed from the water and placed in an unfamiliar territory was a reliable method of assuring that the territory-holding male directed more aggression towards the invader than the other way around. The invading male was returned to its compartment after five minutes, although sooner if there was risk of serious harm because of intense aggression. Females were able to observe the interactions through the transparent acrylic partitions. The arena was then recorded for 10 minutes by a video camera suspended above the arena. All fish were returned to their original tank outside of the testing area following a trial. The procedure was repeated three times for each female using unique combinations of males. Trials for any female were separated by at least 24 hours.

Female association with each treatment was scored from the video recording as the time the female was within 80mm of a treatment fish and oriented towards that fish. Time spent in proximity to a male is a reliable proxy for eventual mate choice decisions (Couldridge & Alexander, 2001) and the authors believe that including the requirement for females to be oriented towards a fish adds to the reliability of this score. Two raters independently scored 30% of the videos and discussed results until complete agreement was achieved. One rater subsequently scored the remaining videos. Proportion of time spent interacting was calculated by dividing the time spent associating with a particular fish by the total amount of time the female was oriented towards any of the four fish (Ta ( Tt-1). Note that this measure includes only time that females spent associating with a treatment. Statistical analysis was completed using a Friedman test to compare the median female preference for each of the four treatments (winner, loser, non-interactor, and extra female) and a second Friedman test to compare the median attractiveness of the males when they were assigned to each of the three roles (winner, loser, and non-interactor). Wilcoxon signed rank tests were used for post hoc comparisons. These nonparametric tests were chosen because of the lack of independence and of normality in the measures of association time.

Females spent on average 91% of their total time associating with one of the treatments (S.D. = 9%). Overall, females spent significantly more time associating with territorial males versus other treatments (Friedman, N = 9, P < 0.01) (Fig. 2). Post-hoc, pair wise analysis suggests that female preference was identical for each treatment except for territorial males (Territorial versus non-interacting: Wilcoxon, N = 9, P < 0.05; Territorial versus invader: Wilcoxon, N = 9, P < 0.05; Territorial versus extra female: Wilcoxon, N = 9, P < 0.01; Non-interacting versus invader: Wilcoxon, N = 9, P > 0.05; Extra female versus non-interacting, Wilcoxon: N = 9, P > 0.05; Extra female versus invader: Wilcoxon, N = 9, P > 0.05). Likewise, male attractiveness was significantly different between each status treatments (Friedman, N = 6, P < 0.05) (Fig. 3).  Post-hoc, pair wise analysis suggests males were more attractive when successfully holding territories than in either of the other two treatments, which were not significantly different form each other (Territorial versus non-interacting: Wilcoxon, N = 6, P < 0.05; Territorial versus invader: Wilcoxon, N = 6, P < 0.05; Invader versus non-interactor: Wilcoxon, N = 6, P > 0.05). 

Smaller sample sizes can raise concerns about statistical power. In the Freidman test, the average difference in median proportion of time spent associating with invading males versus the other treatments was 21%, whereas median differences of either 1% or 7% were found between treatments not found to be statistically significant. The 7% difference found between non-interacting males and invading males could be biologically meaningful and may warrant future study if there is reason to investigate the benefits of unsuccessful contests versus avoiding all contests, though this was not the focus of this investigation. Given these limitations, sample size was sufficient to detect a statistical significance between invading males and all other treatments.

To the authors’ knowledge, these are the first data to support the notion that male-male contest competition can be used by females to make mate choice decisions in this diverse system. Indeed, despite significant efforts, there is very little evidence that females discriminate to any degree between conspecific males during courtship (Pauers et al., 2004). The fact that contests between males can themselves be the object of female choice suggests that these interactions can have a more substantial role in male reproductive success than previously reported (see Barlow 2000, for examples). Furthermore, these results lend support to the idea that male-male interactions could act as a diversifying force in these cichlid fish as posed by Seehausen and Schluter (2004) and supported by Pauers et al. (2008). Though there are many possible reasons why females prefer winners of territorial disputes (Qvarnstrom & Forsgren, 1998), the most likely is that females gain indirect benefits, such as so called “good genes,” rather than any direct benefits. 

These data are not sufficient to fully understand the role of sexual selection in the Mbuna model system. In order to fully explain their recent diversification, there must be evidence of disruptive selection occurring at the population level in directions that predict the observed diversity. This ephemeral stage in speciation is difficult to observe, as it can quickly lead to direction selection in two new populations (Pauers et al., 2004). It is theoretically possible that sexual selection can act as a diversifying force in sympatric speciation (Turner & Burrows, 1995), but the idea is controversial (Arnegard & Kondrashov, 2004). Finally, it must be demonstrated that males show more aggression towards similarly coloured male rivals that are within the amount of colour variation that occurs within a population if one is to assert that diversification in this lineage can be caused by sexual selection. 
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