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Introduction 

 Trinidadian guppies, Poecilia reticulata, live in two environments high (HP) and low 

(LP) predation.1 These environments are separated by barrier waterfalls that limit the movement 

of predators from downstream HP environments into upstream LP environments. As a result, the 

guppies have adapted to different selective pressures.1 The HP guppies have adapted to 

environments with a high density of predators that eat them indiscriminately, while LP guppies 

have adapted to environments with low mortality risk, which leads to a high population densities 

of guppies.2 This high density has had many effects, but most notably increased competition for 

food.2  

 Some of the adaptations caused by the selective pressures of predators and high guppy 

density, have been well studied. These include life histories and coloration in males.3 HP guppies 

have adapted to be smaller and younger at reproductive maturity.4 They also are less brightly 

colored than LP males.4 However, the behaviors caused by these selective pressures have not 

been as well studied. Prior research shows, that HP guppies are more likely to school and 

cooperate with each other as a means of survival, but they may also be less aggressive due to the 

need for cooperation.5 LP guppies on the other hand are thought to be less likely to school or 

cooperate as they do not need to survive predator attacks, but are more aggressive as they need to 

compete for food.5 

 Behavior is notoriously difficult to study as it is difficult to be able to see high 

repeatability at the level of individuals. If the behavior has a genetic basis then it may be more 

repeatable and is easier to study. We believe that the guppies have genes associated with these 

behaviors because of the convergence in observed behavior across many different rivers.5 We 

chose rivers that were genetically distinct to test our results.6 We chose the Yarra and 
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Quare/Oropouche rivers because 

earlier investigators found that 

guppies from these rivers are 

genetically distinct as they are 

derived from rivers that have not 

inter mingled for millions of years 

(Figure 1).6 The presence of guppies 

adapted to life with and without 

predators in both rivers is a built-in assessment of repeatability. This will confirm that our results 

are conserved across populations and rivers of guppies rather than a phenomenon of a single 

river.  

 

Methods 

Schooling 

 The schooling trials assessed amount of time the focal fish spent with the school at a 

distance of approximately two body lengths not preforming aggressive acts including rapid 

approach and tail beating. The focal fish could only 

see, and not smell, the school as the compartments are 

water tight. The school, however, could see both the 

predator, a cichlid, and the focal fish. The predator was 

used to keep the school together. Each compartment of 

the tank had gravel at the back third of the tank with 

moss to provide cover for the fish (Figure 2). 

Figure 1: Map of rivers in Trinidad with guppy 
populations and their respective drainages. 

Figure 2: twenty-gallon tank 
partitioned for the schooling assay  
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There were 20-minute trials in which the focal fish was observed by an individual with a 

stopwatch. The focal fish was paired against five other fish from a stock tank of the same sex. 

This was done to avoid any fish from courting each other. The movements of the focal fish were 

recorded, and the time spent schooling was used for analysis. The focal fish repeated the same 

trials four times with one day between each trial. The first trial was considered an acclimation 

trial and was not used in any statistical analyses. The last three trials were averaged and then run 

through a two-way ANOVA to determine the effect of sex and predation level on time spent 

schooling. 

Aggression 

 Aggression trials are currently in progress. The focal fish in this 

case is in contact with the aggressors. The aggressors are five same sex fish 

that have a marking under the dorsal fin on both sides of the fish to enable 

the observer to identify the experimental subject (Figure 3). The focal fish 

and aggressors are starved for one day prior to trails. The aggressors and 

focal fish are added simultaneously to a two-gallon tank. The two-gallon 

tank consisted of a layer of gravel with a petri dish in the 

center of the tank holding a cube of community crave 

fish food. The fish are recorded for five minutes as they 

fight over the food in the center of the tank. The focal fish is watched for how many aggressive 

acts it preforms toward the other fish. The acts include nudges, nips, rapid approach, circling, 

patch monopoly, and tail beating. This behavior assay is repeated after two days, for a total of 4 

trials. The first trial, serves as an acclimation to the procedure and was not included in analysis. 

Figure 3: two-gallon tank top 
view of aggression assay with 
marked aggressors and unmarked 
focal fish  
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The total number of aggressive acts was averaged, and a two-way ANOVA was performed to 

determine the effect of sex and predation level on the average number of aggressive acts.  

 

Results 

Schooling 

 Schooling time was significantly 

affected by both predation regime and sex 

(predation regime: F3,40 = 9.309, p < 0.0001; 

sex: F1,40 = 8.123, p = 0.0069; predation 

regime*sex F3,40 = 5.827, p = 0.0021). In 

particular, HP males schooled more than LP 

males and all females (Figure 4). There was no 

difference among females from HP versus LP 

environments.  

 To determine repeatability and assess 

individual variation, HP and LP populations 

were combined by sex (Table 1). All 

repeatability values are relatively high for a 

behavioral assay.7  

 

Aggression 

  We hope to find that the number of aggressive acts performed was significantly impacted 

by predation regime only unlike the schooling assay. The aggression assay will not have a sex 

 High Predation Low Predation 

Male 0.225791 0.296861 

Female 0.137777 0.654774 

Figure 4: Graph of Sex and Predation vs. Time 
spent schooling in minutes. The HP males (black 
circles and squares) are significantly higher than 
LP males and females (p-value < 0.0001). Females 
are not significantly different.   

Table 1: Listed values of repeatability using an 
intra-class correlation. This combines individuals 
across the rivers.  
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difference because preliminary trials have indicated that LP females are as aggressive as LP 

males.  

 To assess repeatability and determine individual variation, we will also pool the data 

across rivers. This should have similar results to the schooling assay because aggression seems to 

be the complement of schooling or cooperative behavior.  

 

Conclusion 

Schooling 

 The schooling trials revealed a sex difference between males and females; HP males 

school more than HP females. We had hypothesized that all HP males and females would school 

more than their LP counterparts, however we did not see this. We believe that the sex difference 

is due to the sexual dimorphism in male and female guppies. Female guppies are much larger 

than male guppies and have enhanced swimming performance as a result.8 They are also not 

brightly colored. Due to these sexual dimorphisms, females do not need to cooperate in the form 

of schools to survive as they are able to hide and swim better than the males to escape predators. 

We were also able to confirm these results by looking at the pooled repeatability data that 

represents the variation within both predation populations by sex.  

Aggression 

 For the aggression study, I suspect that this sex bias may be absent. This is due to 

preliminary trials that have indicated that HP females are more timid than LP females. I 

hypothesize that all HP fish are not as aggressive as LP fish due to the abundance of food in the 

environment, but also perhaps as a byproduct of their need to aggregate as a defense against 
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predators. LP fish must be more aggressive in their natural populations as they are constrained by 

their density, which limits food availability.  

Discussion 

 In the future, we will finish the aggression study and quantify the differences in predation 

regime. I believe that due to the repeatability values found in the males and females, we can use 

this schooling behavioral assay to look for genes associated with that behavior. One genetic 

method would be a quantitative trait locus analysis. With this method, we would hybridize fish 

that differ among the two distinct behaviors and test the second generation that has a completely 

recombined genome for the behaviors. Then we can analyze the genomes for loci that are 

significantly correlated with these behaviors to determine genes associated with schooling 

behavior. 
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