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Abstract 

Competitive aggression in male and female Japanese medaka (Oryzias latipes) in relation 

to the operational sex ratio 

Lia Clark 

Because of the fundamental asymmetry between the sexes, males typically 

compete for access to females. Hence, most studies on intra-sexual mating aggression 

have focused only on males, and have shown increasing aggression with increasing 

operational sex ratio (OSR). However, one study documented a "dome-shaped" 

relationship between aggression and OSR, presumably because aggression became 

ineffective at high competitor densities as predicted by resource defence theory. The few 

studies that have investigated female intra-sexual aggression have used only a narrow 

range of OSR. The purpose of my study was to investigate the patterns of both male and 

female mating aggression over a broad range of OSR. I also compared how females 

competed for two different resources, food and mates. Male and female aggression 

initially increasing with OSR, peaked and then levelled off. For a given value of OSR, 

however, the rate of male aggression was higher than female aggression. The rate of male 

aggression was consistent with a dome-shaped pattern, whereas the rate of female 

aggression did not decrease at high levels of OSR. In contrast, courtship rates for both 

males and females decreased with increasing OSR in a linear manner. The pattern of 

male and female intra-sexual aggression were broadly consistent with the predictions of 

resource defence theory. 
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Introduction 

Animals compete in two basic ways for resources. Interference competition is 

defined as one individual using aggression to deny others access to the resource, whereas 

exploitation competition involves individuals reducing the available pool of the resource 

via consumption (Keddy, 1989). A resource is economically defendable if it is 

energetically more profitable to compete via inference than via exploitation (Brown, 

1964). Animals often use aggression when competing for mates, territories, nesting sites 

and food (Huntingford & Turner, 1987). By using aggression, dominant individuals have 

the potential to defend and monopolize a larger than average share of the resources 

(Grant & Kramer, 1992; Monaghan & Metcalfe, 1985). However, aggression is also 

costly in terms of energy, time, the risk of injury, and an increased predation risk (Brown, 

1964). Time spent engaging in aggressive behaviour is time that cannot be spent on other 

activities, such as courtship of mates. For example, male eastern bluebirds, Sialia 

mexicana, that defend their nest the most aggressively have the lowest reproductive 

fitness, as they have less time for courting and parental care (Duckworth, 2006). 

In most mating systems, males typically compete for access to females or the 

resources they require. Emlen & Oring (1977) introduced the concept of the operational 

sex ratio (OSR), defined here as the ratio of competitors of one sex to potentially 

receptive individuals of the opposite sex in a population at a given time. OSR can be used 

to predict the intensity of intra-sexual competition for mates, and which sex is non-

limiting and therefore compete for access to the limiting sex. Not all individuals are 

1 



capable of mating at a given time, so the operational sex ratio is rarely equal to one For 

example, the age at sexual maturity often differs between the sexes, leading to an 

imbalance in the OSR (Emlen & Oring, 1977). 

When the male/female OSR is less than 1, males are predicted to court the 

abundant females and engage in little aggression (Jirotkul, 1999). As the OSR increases, 

however, the relative abundance of females decreases, so the rate of male aggression 

should increase (Kvarnemo & Ahnesjo, 1996), while the rate of male courtship should 

decrease (Grant et al., 1995). At extremely high values of OSR, resource defence theory 

predicts that aggression will no longer be effective because of the high costs of chasing 

multiple intruders and males should switch to scramble competition (Grant, 1993). 

Hence, OSR theory predicts an increase in aggression with increasing OSR (Kvarnemo & 

Ahnesjo, 1996), whereas, resource defence theory predicts a dome-shaped relationship 

(Grant et al., 2000). 

Two patterns of aggression in relation to OSR have been described in the 

literature, the linear increase and the "dome-shaped" pattern. The linear increase in 

aggression with increasing OSR has been verified in studies of sand gobies, 

Pomatoschistus minutus (Kvarnemo et al., 1995), lobsters, Homarus gammarus (Debuse 

et al., 1999) and guppies, Poecilia reticulata (Jirotkul, 1999). However, in all these 

studies the range of OSR used was relatively narrow (e.g. 0.4-3.0). In contrast, the only 

study to show a dome-shaped relationship was of male Japanese medaka, Oryzias latipes, 

over a broader range of OSR (from 0.2-8.0) (Grant et al., 2000). Hence, a broad range of 

observed values of OSR may be required to provide a crucial test of these two competing 
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patterns. 

The OSR can also predict which sex should be more aggressive. At male/female 

OSRs greater than one, females will typically be the limiting sex, and males should be the 

more aggressive sex (Clutton-Brock & Parker, 1992). When OSR is much less than one, 

males will normally be the limiting sex, and females will be the more aggressive sex 

(Clutton-Brock & Parker, 1992). However, at OSRs near one, the sex with the higher 

potential rate of reproduction, typically males, should be non-limiting and therefore more 

aggressive (for a review, see Kvarnemo & Ahnesjo, 1996). For example, in "sex-

reversed" species (e.g. Syngnathus typhle, Nerophis ophidian and Julidochromis 

marlieri), males invest more time/energy into the rearing of the young than the females 

and become the limiting sex for which females compete via active courtship (Berglund & 

Rosenqvist, 2003; Barlow & Lee, 2005). 

Competitor-to-resource ratio (CRR), a more general formulation of the concept of 

OSR, is defined as the ratio of the total number of competitors to the total number of 

resources in a population at a given time (Grant et al., 2000). Like OSR, CRR can predict 

the intensity of competition for any resource, including mates. The CRR concept allows 

for the direct comparison of rates of aggression between sexes and between resource 

types (Grant et al. 2000; Grant & Foam, 2002). For example, the rate of intra-sexual 

aggression in Japanese medaka was similar whether males competed for food or for 

mates (Grant et al., 2000). 

Because males are typically the more aggressive sex, female competitive 

aggression during mating has not received a great deal of attention (Clutton-Brock & 
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Parker, 1992). As in males, female intra-sexual aggression is predicted to increase with 

increasing female/male OSR and this has been verified in sand gobies (Kvarnemo et al., 

1995), Japanese medaka (Grant et al., 2000; Grant & Foam, 2002) and lobsters (Debuse 

et al., 1999). To date, these are the only studies to examine simultaneously the aggressive 

and courtship behaviour of both males and females in response to changes in OSR. 

Because they have elaborate courtship rituals and spawn daily, the Japanese 

medaka is an ideal species for testing the effects of OSR and CRR on reproductive and 

competitive behaviour. The medaka breeding system, typical of many fish species, 

involves external fertilization and no parental care. Females are capable of producing 

only one clutch per day and are selective when choosing a male, whereas male medaka 

can potentially spawn with as many as 20 different females in one day (Casey, 1993). 

This difference in the reproductive potential between the sexes is also thought to affect 

the patterns of aggression and courtship, as well as the OSR. I will explore the effect of 

the operational sex ratio on the behaviour of both male and female medaka. 

Previous work on the medaka indicates that (1) males are more aggressive than 

females at similar values of OSR (Grant & Foam, 2002), and (2) the patterns of male 

aggression are similar regardless of whether males are competing for food or mates 

(Grant et al., 2000). Male intrasexual aggression initially increases with increasing OSR, 

peaks at an OSR of 2, and then decreases. While this "dome-shaped" curve had been 

shown for males there has been little work on female aggression. Hence, my thesis will 

focus on female aggression over a broad range of OSR (0.5-16). Specifically, I test the 

predictions that: 1) male-male aggression and 2) female-female aggression will exhibit a 
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dome-shaped relationship with respect to OSR; 3) female courtship will decrease as OSR 

increases; and 4) the pattern of female aggression will be similar when competing for 

food and mates. 

Methods 

Experimental subjects 

Japanese medaka are small freshwater fish native to the streams and rice paddies-

of eastern Asia (Hiramatsu & Shikasho, 2004). They are sexually dimorphic and exhibit 

external fertilization. During the mating season, female medaka can spawn daily 

producing 10-50 eggs. The sticky egg masses remain attached to the female for a few 

hours until they become attached to vegetation as the female swims by. Males can spawn 

with up to 20 females per day (Casey, 1993), but the actual number per day depends on a 

variety of local conditions, such as OSR and population density. There is no parental care 

after the eggs drop off the female; eggs and young fry are often eaten by the adults, at 

least in aquaria (personal observation). 

All 150 fish used in this study were purchased from a biological supply company 

at a 2 male: 3 female sex ratio. They were kept in two mixed stock tanks measuring 91.5 

x 46 x 38 cm (LxWxH) and were fed a mixture of frozen brine shrimp and commercial 

flake food once per day. The fish were kept under a 13:11 (light-dark) regime, with the 
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lights coming on at 9:00am. The fish were held for approximately one month in the stock 

tanks before experimentation, to ensure that the egg laying cycle had commenced in the 

females. I used only sexually mature females for testing and assumed that all fish had 

previous breeding experience by the time experiments began. All experiments were 

conducted from mid-June to mid-September 2007 at Concordia University. 

Experimental Design 

Four experimental tanks, measuring 60 x 30 x 30cm (LxWxH), were covered with 

dark, opaque plastic wrap on three sides to prevent interactions between fish in adjacent 

tanks. The fourth side was left uncovered for filming purposes. Experimental tanks were 

also equipped with a feeding tube, 2.5 x 15 cm (diameter x length), attached to one of the 

back corners of the tanks, an air stone and gravel to a depth of 2cm (see Figure 1). Each 

trial lasted seven days and was divided into two parts: training (days 0-4) and filming 

(days 5-7). Female fish (in groups of 2, 4, 8, & 16) were placed in the experimental tanks 

on day 0. Females were then given four days for acclimatization and training. Training 

consisted of placing males into the experimental tanks each morning at 9:30am. The 

female/male OSR during the training period was always 2 (e.g. 8 females: 4 males), 

except for the group size of 16 which received only four males (to limit the total number 

offish in the experimental tanks). Sixteen males were placed into a holding tank for use 

in the experiments each week. Each day, I removed the required number of males from 

the holding tanks for use in the trials. Males remained in the experimental tanks for one 



hour or until all females had spawned, whichever came first; afterwards the males were 

removed and returned to the holding tank, separate from the stock tanks. Immediately 

following the removal of the males, females were fed five brine shrimp via the feeding 

tube and then 2 minutes later 20 brine shrimp. Fish in the experimental tanks were fed to 

satiation with brine shrimp and flake food, at least one hour after the introduction of the 

20 shrimp. 

Experimentation and videotaping took place on days 5-7. Females were exposed 

to three resource densities, in a repeated measures design, either 1, 2 or 4 males and 1, 2 

or 4 brine shrimp/30 sec, on each of the three days of filming (randomly assigned). At 

9:30am, approximately 30 minutes after the lights came on, the males were placed in the 

experimental tanks and fish behaviour was filmed for 30 minutes. After the videotaping 

of the mating trials in all tanks for the day, the males were removed. These treatments 

created a range of male/female OSRs (0.0625 to 2), female/male OSRs (0.5-16) and 

female/shrimp CRRs (0.5-16). 

The tops of the experimental tanks were then covered with a piece of dark/opaque 

plastic, so the fish were not disturbed by the presence of the researcher standing behind 

the tanks. Brine shrimp were introduced into the tanks via the feeding tube every 30 

seconds and videotaping lasted for 10 minutes. The total number of brine shrimp 

introduced into the experimental tanks varied and was determined by both the density of 

the resource being tested and the number of females in the experimental tank (see Table 

1). The total shrimp introduced varied across treatments so that no tanks received more 

then 10 shrimp/fish during the feeding trials. After filming on day 7, all fish were 
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removed from the experimental tanks, weighed and returned to the stock tanks. Individual 

fish were re-used, but never in consecutive replicates. Males and females could 

potentially have been used up to five times over the course of my trials. 

For each trial, all aggressive interactions in the first 5 minutes were scored; 

scoring began 1 minute after the males were introduced into the tank or when the first 

shrimp was introduced into the feeding tube. Courtship behaviour was also scored in the 

mating trials. The mating trials were more complex as interactions between males, 

between females, and between males and females were scored. I also noted whether 

males or females initiated the between-sex interactions. Mutual interactions, when neither 

sex initiated the interaction first (e.g. crossing and spawning), were also recorded. The 

types of behaviour that were scored are listed in Table 2. In the feeding trials, I only 

scored female intrasexual aggression. 

All data were analysed using the statistical package SPSS version 12. All data 

were loglO-transformed to reduce heteroscedasticity and to ensure that the data were 

normally distributed. Male aggression and courtship data were analysed using 2-way 

ANOVAs (male group size x female group size). Female data (mating aggression, 

feeding aggression & courtship) were analysed using a 2-way repeated measures 

ANOVA (female group size x resource number x resource type). The Huynh-Feldt 

correction was used for all tests of within-subject effects, because the data were not 

completely spherical (Potvin et al., 1990). Rates of aggression and courtship with respect 

to OSR were compared using polynomial regressions, beginning first with the linear 

term, followed by the quadratic and cubic terms, although cubic terms were never 

8 



significant. Higher order terms were only included in the model if the partial r2 value for 

that term was significant. 

For the feeding trials, the total number of females engaged in competing for food 

under the feeding tube was recorded every 30 seconds. Females were considered to be 

actively feeding, and under the feeding tube, if they were in the water column within 5 

body lengths directly under the tube. Females under the tube, but foraging in the gravel at 

the bottom of the tanks were not counted. The counts were done 15 seconds before/after 

shrimp were introduced into the feeding tube. The 10 counts per trial were averaged to 

give the average effective number of females feeding per trial, which was used to 

calculate the effective CRR for the trial. 

Results 

Description of Intra-Sexual Aggressive Behaviour 

Both male and female medaka exhibited intra-sexual aggression when competing 

for mates (Table 2). When competing for females, males primarily butted and chased 

encroaching males in an attempt to keep intruders away (Figure 2a). Occasionally, two 

males would engage in extended bouts of chasing and butting near the top of the tank that 

lasted for more than a minute. During these bouts, the males did not engage in courtship. 

Females also competed for mates primarily by butting and chasing (Figure 2c). In 
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contrast to males, females did not attempt to defend a mate, but rather chased females 

who were being courted or disrupted a spawning pair. When females did chase other 

females, they chased for only a few body lengths and then resumed whatever behaviour 

they had been engaged in prior to the interruption. Mutual butting was common when 

neither female withdrew from the approaching competitor. Females often butted other 

females who were being courted or followed by a male. One or several females would 

also butt a spawning pair in an apparent attempt to disrupt the spawning process. Females 

would also attempt to eat any eggs that where released by a spawning female. 

When competing for food, females also engaged primarily in butting and chasing 

(Figure 2c). However, females used these two behaviour patterns differently when 

competing for mates vs. food. Feeding aggression was concentrated below the feeding 

tube and was directed at other females who approached the tube. Females vied for 

position below the tube prior to the arrival of a food item. Chases were short and fast, as 

the aggressor did not leave the vicinity of the feeding tube for long. Butting was more 

common when the females vied for the optimal position to capture the shrimp as it 

descended from the tube. 

Rates of Intra-Sexual Aggression During Mating 

The per capita rate of male-male aggression increased with increasing competitor 

number (Figure 3a; 2-Way ANOVA, F]>72 = 21.28, P < 0.001) and differed among female 

group sizes (2-Way ANOVA, F3j72 = 25.78, P < 0.001). Female aggression was lowest in 



groups of two. Although there was a significant interaction between female group size 

and the number of males on the rate of male-male mating aggression (2-Way ANOVA, 

F3>72 = 3.25, P = 0.027), the magnitude of the interaction, as indicated by the F-ratio, was 

small in comparison to the size of the main effects. When plotted against OSR, male-

male aggression initially increased with OSR and then levelled off (Figure 4), as 

indicated by the quadratic term in the equation, which was significant (t = -3.995, df = 1, 

P < 0.001) after the linear term was first entered into the model. According to the 

quadratic equation, male aggression was highest at a OSR of 1.17 (r2 = 0.510, P < 0.001; 

Quadratic Equation: Log]0Agg = -0.81 Log10OSR2 + 0.1 lLogioOSR + 0.90). 

As expected, the per capita rates of female-female aggression decreased with 

increasing male number (see Figure 3b; 2-Way Repeated Measures ANOVA, ¥2,10 = 4.69, 

P = 0.012). Group sizes also differed significantly in aggression (2-Way Repeated 

Measures ANOVA, F3>35= 5.597, P = 0.003). However, the rate of female aggression was 

lowest in group size two and increased with group size. While the effect of male number 

appeared greatest in group size two, there was no significant interaction between the 

effects of male number and female group size (2-Way Repeated Measures ANOVA, F6,7o 

= 1.295, P = 0.271). When plotted against OSR, female aggression initially increased 

with increasing OSR and then levelled off (Figure 4). The quadratic term in the equation 

was significant (t = -2.20, df = 1, P = 0.030) after the linear term was first entered in the 

model. According to the quadratic curve, female aggression peeked at a OSR of 10 (r2 = 

0.208, n = 120; Quadratic Equation: LogioAgg = -0.39 Logi0OSR2+ 0.78Log]0OSR + 

0.47). 
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Rates of both male and female behaviour followed similar patterns: aggression 

initially increased with OSR and then levelled off (Figure 4). However, males were more 

aggressive than females and the peak in the female curve was shifted to the right 

compared to the male curve. Over the range of OSR in which the male and female data 

overlapped (i.e. 0.5-2.0), males were more aggressive than females (2-Way ANOVA, 

Fi,74= 17.83, P < 0.001). 

Courtship 

Both males and females displayed courtship behaviour, but there was a marked 

difference in the types of behaviour used (Figure 2b&d). Males actively courted females, 

often beginning by following a female until she ceased swimming. Males would then 

engage in circle dancing until attempting to spawn with the female (i.e. crossing; see 

Table 2). Circle dancing is an overt courtship display (Ona & Uematsu, 1957), which is 

used exclusively by males. Female courtship was much simpler. Females gently nudged 

or followed a male in what appeared to be an attempt to attract the attention of the male. 

As expected, male courtship rate decreased as the number of competitors 

increased (Figure 5a; 2-Way ANOVA, F2,io7= 41.74, P < 0.001), and increased with 

female group size (2-Way ANOVA, F3jio7= 12.67, P < 0.001). There was no significant 

interaction between the number of males and the female group size on male courtship rate 

(2-Way ANOVA, F6,i07 = 0.171, P = 0.984). When plotted against OSR, courtship rate 
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decreased with increasing OSR (Figure 6; linear regression: r2 = 0.437, n = 120, P < 

0.001). 

Female courtship increased with increasing male number (Figure 5b; 2-Way 

Repeated Measures ANOVA, F2j7o= 20.73, P < 0.001), but decreased with competitor 

number (2-Way Repeated Measures ANOVA, F3>35 = 28.85, P < 0.001). There was no 

significant interaction between the number of males and the number of females on female 

courtship rate (2-Way Repeated Measures ANOVA, F6 i 7 0
= 1-29, P = 0.276). Female 

courtship rate also decreased with increasing OSR (Figure 6; linear regression: r2 = 0.550, 

n = 1 2 0 , P < 0.001). 

The rate of female courtship decreased at a faster rate with increasing OSR than 

did male courtship rate, as indicated by the significant interaction between gender and 

OSR (Figure 6; ANCOVA, Fij234 = 24.64, P < 0.001). Over the narrow range of OSR in 

which the male and female data overlapped (i.e. 0.5-2) males courted at a higher rate than 

females (2-Way ANOVA, FI;74=21.73, P < 0.001). 

Female-Female Aggression During Feeding Trials 

Contrary to my expectation, the average per capita rate of female-female 

aggression did not differ significantly as the number of shrimp per 30 s increased (Figure 

7; 2-Way Repeated Measures ANOVA, F2,72 = 1.11, P = 0.328). However, the rate of 

female aggression differed between group sizes (2-Way Repeated Measures ANOVA, 
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F3,36= 5.04, P = 0.005), primarily because of the low rate of aggression in groups of two 

females. There was also no significant interaction between female group size and the 

number of shrimp (2-Way Repeated Measures ANOVA, F6;72= 0.81, P = 0.547). Female-

female aggression during feeding increased with increasing CRR (Figure 8a; r2 = 0.049, n 

= 120, P = 0.015), but CRR explained relatively little of the variation in the rate of 

aggression. On average, only about half the total number of females in the tanks were 

actively feeding at one time (Figure 9). When plotted against the effective CRR, using the 

actual number of females feeding, the proportion of the variation in aggressive rate 

explained by CRR increased to 13.5% (Figure 8b; r2= 0.135, n-= 116, P < 0.001). 

To facilitate a comparison of the rates of female-female aggression when 

competing for mates versus food, I assumed a linear relationship between aggression and 

CRR. There was no significant interaction between the type of resource and CRR (Figure 

10; ANCOVA, Fij235= 0.879, P = 0.349). However, female-female aggression was higher 

when competing for food than for mates (ANCOVA, F1235 - 5.23, P = 0.023). 

Comparisons with Previous Work 

Rates of aggression and courtship found in this study were compared to those of 

previous studies to see if consistent patterns emerged. In order to compare the data from 

this study to the previous ones, per capita rates of behaviour per 5 minutes were 

reformatted to per minute and then logio transformed. 
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Like previous studies, the data in this study were consistent with the prediction 

of a "dome-shaped" pattern (see Figure 11a). The peak in the dome occurred at an 

OSR of 1.17 in this study compared to 2 in Grant et al. (2000). The rates of aggression 

in my data were higher than those observed in Grant et al. (2000), perhaps because I 

considered and scored a wider range of interactions when observing mating 

aggression. When I considered only the subset of aggressive behaviours scored by 

Grant et al. (2000) (i.e. Chasing & Butting), the rates were more similar (Figure 11a). 

However, the rates of aggression in my study were considerably higher than the 

previous studies at OSRs less than 1. 

As in previous studies, male courtship rate declined linearly with increasing 

OSR (Figure 1 lb). As with the rate of aggression, the rate of courtship in this study 

was higher than that of Grant et al. (2000), perhaps because I scored a greater variety 

of interactions. The rates of Circle Dancing only were lower than the rates from both 

previous studies, but again had the same pattern. 

The dome-shaped pattern was not as clear in the female data as in the male data 

(Figure 12a). Similar to Grant & Foam (2002), rates of aggression initially increased 

with increasing OSR, but began to level off. Courtship rates in this study were higher 

than in Grant & Foam (2002), but showed a similar pattern of decreasing linearly with 

increasing OSR (see Figure 12b). 
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Discussion 

When plotted against OSR, male behaviour in my study was broadly consistent 

with resource defence theory and the dome-shaped relationship described by Grant et 

al. (2000). Moreover the peak in aggression in my study was similar to their value of 2. 

Unfortunately my data are also consistent with the linear increase predicted by 

Kvarnemo & Ahnesjo (1996), because my highest level of OSR was only two. 

However, aggression in this study was consistent with the left-hand side of the 

expected dome-shape pattern, although the rates of aggression were higher in my data 

than in Grant et. al, (2000). This difference might be partially explained by differences 

in the total number of interactions scored as aggression; I included chasing, butting and 

interrupting, whereas Grant et al. (2000) included only chasing and butting. 

As predicted, male courtship rate decreased as the OSR increased and in a 

manner consistent with previous studies in terms of rate per minute. When the OSR 

was well below 1, there was little to no aggression as males spent most of their time 

courting and attempting to spawn with abundant females. As the OSR approached 1, 

male-male competition increased as males increasingly encountered one another as 

they courted females. At an OSR of 2, animal contest theory provides a general insight 

into the nature of competition (Maynard Smith, 1982). The "hawk-dove" model 

predicts that "hawk"(i.e. aggressive behaviour) is an evolutionary stable strategy when 
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two individuals compete for a valuable resource (i.e. OSR = 2) (Maynard Smith, 

1982). Hence, it was not surprising that aggression was highest at a OSR close to 2. 

At OSRs greater than 2, male competition is predicted to decrease, as 

aggression becomes uneconomical. Males switch to scramble competition to maximize 

their reproductive fitness. Scramble competition in male medaka includes sneaking 

behaviour, when a male spawns with a female who is already in the process of 

spawning with another male. Sneaking requires minimal energetic costs, as courtship 

and aggression are virtually absent, and males can spawn up to 20 times in a day 

(Casey, 1993). Courtship rate also decreased with high values of OSR, as most males 

will sneak rather then court. The dome-shaped pattern in aggression reflects a trade-off 

between aggression and courtship behaviour. 

Contrary to my expectation, the patterns of female behaviour found in my study 

did not conform to the dome-shaped pattern. Instead, the rate of female aggression 

increased, levelled out, but did not decrease at high values of OSR. As expected, males 

had higher rates of aggression than females at a given value of OSR. This finding is 

consistent with other studies on medaka (Grant & Foam, 2002) and sand gobies 

(Kvarnemo et. at., 1995). Unlike aggression, the rate of female courtship was as 

expected. Female courtship rate decreased with increasing OSR and was lower than 

male courtship rate at a similar value of OSR. 

While OSR is a good predictor of the rate of male and female behaviour, OSR 

per se was not responsible for the observed patterns, as indicated by the lack of a 

significant interaction between male number and female group size. All patterns 
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observed could be explained by the number of males and the number of females. 

Nevertheless, OSR was a good predictor of the trends and rates of both male and 

female aggression and courtship. 

When competing for mates, the peak of the female curve was at a higher value 

of OSR than the male curve. This difference is likely related to differences in how 

males and females compete for mates. Females primarily competed by interfering with 

a spawning pair. Because they do not attempt to defend a male, female interference 

behaviour may be effective even at high levels of OSR. In contrast, males attempted to 

defend access to a female, which became impossible at higher levels of OSR. 

The difference in the patterns and rates of female aggression for the two 

resource types might be explained by the distribution of the resources in space and 

time. The food patch did not move, whereas mates are mobile. Hence, the food patch 

was smaller than the "mate patch" and was predictable in space. Both attributes likely 

made the food more economically defendable than the mates (Grant, 1993). 

In the rich literature on male mating aggression, the dome-shape pattern of 

aggression has not been detected in many studies, whereas the linear increase is well 

documented (Kvarnemo & Ahnesjo, 1996). These results may be due to testing over a 

narrow range of OSR, which did not include values of OSR much greater than 2. 

Interestingly, the dome-shaped relationship was not apparent in my data on female 

intra-sexual aggression despite the broad range of OSR used. My results suggest that 

the rate of female intra-sexual aggression continues to increase at OSRs much greater 
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than 2. Further research is required to determine whether or not this is a general 

pattern. 

My results suggest that the aggressive, competitive, and reproductive behaviour 

of females are just as interesting as in males. Just as the mate choice literature has 

evolved to include male choice behaviour, the mating competition literature needs to 

evolve to include the behaviour of females. Because comparisons between the sexes 

enriche our understanding of mating systems, further studies of the behaviour of both 

sexes are needed. 
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females. 
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Male Number 

Figure 3. Mean (± SE, n=l 0) per capita rates of intra-sexual mating aggression by (a) 
males and (b) females in relation to the number of males in the tank and female group 
size: 2 ( • ) , 4 ( • ) , 8 ( • ) and 16(A). 
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Figure 4. Mean (±SE, n=10) per capita rates of intra-sexual mating aggression by 
females (O) and males ( • ) in relation to the competitor-to-resource ratio (CRR) defined 
as the number of competitors / the number of the opposite sex. Note: both are on log 
scales. 
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Figure 5. Mean (±SE, n=10) per capita rates of (a) male courtship and (b) female 
courtship in relation to the number of males in the tank and female group size: : 2 ( • ) , 
( • ) , 8 ( > ) a n d l 6 ( A ) . 
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Figure 6. Mean (± SE, n=10) per capita rates of female courtship (O) and male courtship 
( • ) in relation to the competitor-to-resource ratio (CRR) defined as 
competitors/resources. 
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Figure 7. Mean (± SE, n=10) per capita rates of female feeding aggression in relation to 
the number of shrimp / 30 sec and female group size: 2 ( • ) , 4 ( • ) , 8 ( • ) and 16 (A). 
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Figure 8. (a) Mean (±SE, n=120) per capita rates of female feeding aggression in relation 
to competitor-to-resource ratio (CRR) defined as competitors/resources, (b) Per capita 
rates of aggression (n=l 16) in relation to the effective CRR. 
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Figure 9. Mean (± SE, n= 10) number of females that were actively feeding in each trial, 
defined as the average of the number feeding directly under the feeding tube in relation to 
the number of shrimp entering the tank every 30seconds and female group size: 2 ( • ) , 4 
( • ) , 8 ( ^ ) a n d l 6 ( A ) . 
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Table 1. The number of males per trial, the number of shrimp per 30 sec, the total shrimp 

per trial and the duration of the feeding trial for each group size. Replicates were 

compared for each combination in a repeated measures design. 

Female Group Total Shrimp / Total Time 
Mates / Trial Shrimp / 30 sec 

Size Trial (mins)' 

1 

2 

4 

1 

2 

4 

1 

2 

4 

1 

2 

4 

1 

2 

4 

1 

2 

4 

1 

2 

4 

1 

2 

4 

20 

20 

20 

20 

40 

40 

20 

40 

80 

20 

40 

80 

9.5 

4.5 

2.5 

9.5 

9.5 

4.5 

9.5 

9.5 

9.5 

9.5 

9.5 

9.5 

Total time shrimp were added to the experimental tank. 

32 



2 

13 
S 

13 

o 
S - l 

c2 

1 ) 
s-c 
O 
O 
oo 

GO 

40 
O 
s-> 

o 
> 

<u 
42 
• i-H 

43 
GO 

O o 

> 
1/1 
GO 
<D 

00 
00 
KS 

<H 

o 
c o 

(-1 o 
CO 

Q 

a 

a 
o 
V 

a 
© 

a 

s 
o 
> 
cs 

-a 

« 

c 
o 

» r—i 
xn 
oo 
<D 
S-c 

IX 
IX 

00 

a 
• i-H 

00 

45 

u 

[in 

(N 

Ctf 

s o 
r*-1 

on (D 

> 
<L> 
o 
c3 

4 - * 
GO 

Q 
43 

0 0 

I S 

he
r 

an
ot

 
fo

llo
w

s 
an

d 

oo 

w
ar

d 

o 
-!-> 
4 ^ 
T3 

•§• 
CJ 

im
s 

oo 

fi
sh

 

<L> 
c 

O 

GO 

tim
e 

m
ul

ti
pl

e 

1 
-*-> 

s 
th

e 

0 0 

O 
s-i o 
ctf 
O 

GO 

43 
00 
S3 
<D 

bo
dy

 

£ 
<a 

GO 

g 
'c3 00 
c3 

- 0 
BJ 
<D 

43 
G O 

- t — • 

"—' 
•B 
% 

ta
ct

 

c o 

es
c 

•a 
s 

th
er

 a
nd

 
an

o 

GO 

w
ar

d 

o •+-» 

>* 
T3 

'1 
S-< SU

IT
 

GO 

GO 

u 
S3 

O 

it
he

r.
 

w 
2 
5 

^^A. 

£ 
o 
13 45 
<D 

on
 (

so
 

•~i 
+-» sod 

GO 
GO 

n 
th

e 
cr

o 

'3 
a-

m
at

in
g 

c3 
+-> 
«1 
(L) 
00 

nu
d 

o 

bu
tt 

43 
GO 

. £ 

00 
S3 

1 • i -H 

O 

u 

IX 

<3 
P-H 

(I) 

IX, 

<̂  
PL, 

IX 

S3 

t3 

an
d 

-a 
<L) 

GO 

<D 

1 
GO 

43 
- 4 - * 

13 
X 
GO 

'GO 
O 

a, 
o 

J3 
4—) 

<4-H 

o s-i 

43 

o 
S3 
<s 

T3 
S3 
13 
43 

w
im

s 

GO 

J3 
GO 

O
ne

 

00 
S3 

O ' 
^3 
o 

aj 

is
ta

nc
 

Td 

ta
nt

 
co

ns
 

43 
-•-» 

00 
S3 

x
u

s 

GO 

'Lo O 
S^. 

O 

43 

« 4 - l 

O 

be
r 

B 
KJ 

J3 
+-» 

o 
03 -*-* S3 o 

le
e 

+-» 
S3 
00 
CO 

4 ^ 
K) 

lu
al

m
 

T 3 

S3 

S3 
< 

00 
S3 

dg
i 

^ 
Z 

id
ua

l 

> * i—t 

-a 
S3 

J3 
- t -» 

o 
u 

J3 
+3 
O 

io
n>

 

g 

ar
t 

J3 

g 
'3 
00 
o 
ft 

s D 

t3 

u 45 
O 
-*-* GO 

a (U 

ha
t 

se
 

£ 
S3 

he
ad

 

<u 

cl
e 

d 

o 44 
o • i-H 

3! 
cr 
cfl-

#g 
0 0 

, s
w

im
 

al
e 

S 
«a 
(U 

J3 

d
et

 

GO 

00 
S3 
o 

13 
S3 
o 
-*-» 'GO 
O 

a 

fr
om

 

Hi 
1 3 

a 

ng
 

T
he

 
nc

i 

Q 
0) 

JC
l 

o 

33 



CD a o 
CD 

4 0 

o j 

B 
«a 
(L) 

X 
H—» 

t« - l 
O 

• « - ; 

C 
O 

* 
.s 

c 
o • 1—4 

co 
co 
CD 
O 
O 
3 
CO 

3 

CO 

O H 
CO 

73 

J-H 
CD 

43 
CO 

- a 
S3 
o 

aJ 

co 
CD 

> 

o 
CD~ 

13 
a 
CD 

CD 

' c o 

a 
_o 

% 
CO 

O 
q=i 

CD 

73 
6 
CD 

43 

H 

CO 

O 

co 
s-> 
O 

T3 

43 
43 

CD 

.a 
' c o 

CO 

2 

aS 
CD 

a 
O 

H-> 
H~» 
O 

CD 

CO 

CO 

CO 

X5 

CD > 
'3 
cr 

43 
CO 

O 

d o 
CO 

O 
OH 

T3 
CD 
co 
co 
O 
S-H 
CD 

CD 
43 

UH 

X) 
CD 
CO 

ctf 

C53 

43 

2 
o 
CO 

0 

a 

'3 
• « 

<D 
TJ 
73 
c 

.2 
*H—» 

2 
CD 

.. OH 

o 
CD 

H—» 

3 

s 
O 

H - * 

o 
CD 
co 

O 

en 
a 
& 

CO 

1-1 

I 

o 
CD 
CO 

O 

e 

^ 

.9* 
LS rts

 

3 
O 

O 
_a> 
CtJ 

S 
u 

tL , 

|| 
2 
H H 

"* a. 
45 

CO 
ur

t 
o 

O 

£5 
03 
S-, 

a 
i o 

—̂̂  
ON 
t~-
Ox 

~̂ u 
•o 
CO 

>-. CD 

C 
<U 
4) 

^ 
?? 

„ 

ON 

u 
T 3 

CO 

>> JD 

CD 

M 
<% 
2 
* i— 

< 

ccj 

2 

U H 

2 
„ 

c 
_o 
'co 

re
s 

&o 60 

< 
JU 
CO 

s 
H H 

le
-

cd 
S 
<u 

U H 

II 
H H 

u-
c" 

_o 
CO 
CO 
0) 

00 

o 
t o 
Cs 
i — i 

e 
o 
o 

c 
ctf 

> i CO 
•a 

re
n 

u 
CO 

«S 
CO 

T 3 

i -

efl 

pa 
c? 

^ t-~ 
t o 
ON 

3 
CO 

£ 
cu 
D 
=3 
esJ 
C 

O 

H ™ 

o 
o 
CN 

s 
cS 
O 

t±H 

34 



References 

Baerends, G. P. & Baerends-Van Roon, J. M. 1950. An Introduction to the Study of the 

Ethology of Cichlid Fishes. Leiden, Netherlands: E. J. Brill. 

Barlow, G. W. & Lee, J. S. F. 2005. Sex-Reversal dominance and aggression in the 

cichlid fish Julidochromis marlieri. Ann, Zool. Fennici 42: 477-483. 

Berglund, A. & Rosenqvist, G. 2003. Sex role reversal in pipefish. Advances in the Study 

of Behaviour 32: 131-167. 

Brown, J. L. 1964. The evolution of diversity in avian territorial systems. The Wilson 

Bulletin 76:160-169. 

Bryant, M. J. & Grant, J. W. A. 1995. Resource defence, monopolization and variation of 

fitness in groups of female Japanese medaka depend on the synchrony of food 

arrival. Animal Behaviour 49: 1469-1479 

Casey, P. 1993. Is sperm limiting & are males choosey? Tests with Japanese medaka 

(Oryzias latipes). Unpublished 490 thesis, Department of Biology, Concordia 

University 

Clutton-Brock, T. H. & Parker, G. A. 1992. Potential reproductive rates and the operation 

of sexual selection. Quarterly Review of Biology 67: 437-456. 

Debuse, V.J., Addison, J.T., Reynolds, J.D. 1999. The effects of sex ratio on sexual 

competition in the European lobster. Animal Behaviour 58: 973-981. 

Duckworth, R. A. 2006. Behavioural correlations across breeding contexts provide a 

mechanism for a cost of aggression. Behavioural Ecology 17: 1011-1019 

Emlen, S. T. & Oring, L. W. 1977. Ecology, sexual selection, and the evolution of mating 

35 



systems. Science 197: 215-223. 

Fitzgerld, G. J. & Keenleyside, M. H. A. 1978. The Effects of Numerical Density of 

Adult Fish on Reproduction and Parental Behavior in the Convict Cichlid Fish 

Cichlasoma nigrofasciatum (Gunther). Canadian Journal of Zoology 56: 1367-

1371 

Grant, J. W. A 1993. Whether or not to defend? The influence of resource distribution. 

Marine & Freshwater Behaviour & Physiology 23: 137-153. 

Grant, J.W.A., Bryant, M. J., & Soos, C. E. 1995. Operational sex ratio, mediated by 

synchrony of female arrival, alters the variance of male mating success in 

Japanese medaka. Animal Behaviour 49: 367-375 

Grant, J.W.A., & Foam, P.E. 2002. Effect of operational sex ratio on female-female 

versus male-male competitive aggression. Canadian Journal of Zoology 80: 2242-

2246. 

Grant, J.W.A., Gaboury, C.L., Levitt. H.L. 2000. Competitor-to-resource ratio, a general 

formulation of operational sex ratio, as a predictor of competitive aggression in 

Japanese medaka (Pisces: Oryziidae). Behavioural Ecology 11: 670-675. . 

Grant, J. W. A. & Kramer, D. L. 1992. Temporal clumping of food arrival reduces its 

monopolization and defence by zebrafish, Brachydanio rerio. Animal Behaviour 

44:101-110 

Hiramatsu, K. & Shikasho, S. 2004. GA-based model optimization for preference 

intensity of Japanese Medaka Fish (Oryzias latipes) to streamflow environments. 

Patty Water Environment 2: 135-143 



Huntingford, F. A. & Turner, A. K. 1987. Animal conflict. London ; New York : 

Chapman and Hall 

Jirotkul, M. 1999. Operational sex ratio influences female preference and male-male 

competition in guppies. Animal Behaviour 58: 287-294. 

Keddy, P. A. 1989. Competition. London: Chapman & Hall. 

Keenleyside, M. H. A. 1979. Diversity & Adaptation in Fish Behaviour. Berlin, 

Heidelberg: Springer-Verlag. 

Kvarnemo, C. & Ahnesjo, I. 1996. The Dynamics of Operational Sex Ratios and 

Competition for Mates. Trends in Ecology & Evolution 11: 404-408. 

Kvarnemo, C , ForsgrenTE., Magnhagen, C. 1995. Effects of sex ratio on intra- and inter-

sexual behaviour in sand gobies. Animal Behaviour 50: 1455-1461. 

Maynard Smith, J. 1982. Evolution and the Theory of Games. Cambridge University 

Press, Cambridge, UK. 

Monaghan, P. & Metcalfe, N. B. 1985. Group foraging in wild brown hares: effects of 

resource distribution and social status, Animal Behaviour 33: 993-999 

Ona, Y. & Uematsu, T. 1957. Mating Ethogram in Oryzias latipes. Journal of the faculty 

of science, Hokkaido University Series VI Zoology. 13: 197-202 

Potvin, C , Lechowicz, M. J., Tardif, S. 1990. The statistical analysis of ecophysiological 

response curves obtained from experiments involving repeated measures. Ecology 

71: 1389-1400 

37 


