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Introduction  

 A novel anatomical, derived character in different genera in the family Poeciliidae is the 

presence of a placenta (Pollux et. al, 2014). Such a drastic paradigm shift within the family begs 

the question of evolutionary trade-offs between the investment that a mother needs to make in a 

placenta versus the investment she could make in her own survival (Morris et. al, 2005), 

(Reznick et. al, 2002). In the realm of morphology, the reproductive biology of Poecilids is a 

synapomorphy known as the gonopodium, the equivalent of a male reproductive organ. 

Behaviorally, sexual selection becomes prominent as placentas give female fish a choice in their 

mate which then affects male fish. Males adapt by developing elaborate coloration and 

ornamentation and even in many cases develop courtship behavior. The fancy males originate in 

lineages that lack placentas. The idea is that the evolution of a placenta causes a shift from 

precopulatory mate choice to post copulatory mate choice. The latter exists in the form of 

mechanisms like sperm competition or the allocation of resources to multiple developing 

embryos. (Heinen-Kay et. al, 2014).  

Sexual selection has three main facets: male-male aggression, male-female courtship, and 

elaborate male traits. The behavior associated with sexual selection is easy to observe. Goldberg 

et. al's paper on fish in the genus Poecilia shows that the development of male traits is associated 

with both types of behavior but is more elaborate in species with male-female courtship than in 

those with just male-male aggression. This begs the question of what the relationship is between 

the evolution of male traits and the evolution of behavior. The family Poeciliidae is ideal for 

such research due to their extremely varied species that exhibit the aforementioned behaviors, 

and others do not. 
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 Such a relationship is indicative of natural selection. In this context, fitness is defined in 

different ways for males and females. Males are in a constant arms race with other males to 

garner more successful matings and sire more offspring, creating competition between males of 

the same species for the same population of females. Male behavioral interactions with females 

take two different forms: coercion versus courtship. The morphological relationship to the 

aforementioned categories is that organisms that possess more frivolous and complex sexual 

characters tend to be the ones to exhibit courtship behavior (Wang et. al, 2015). Non-sexually 

coercive displays are those that are most resembling of courtship as it requires a level of consent 

from the female if a male makes advances, as well as female choice (Furness et. al, 2019). On the 

other hand, the absence of such elaborate characters owes itself to a mode of sneak copulation in 

which a male attempts to engage a female without its consent or knowledge.  

 Sexual selection would favor the more dominant or ornamented male as it would bypass 

the process of sneak copulation and would resort to the female “allowing” the male to ultimately 

reproduce (Houde, 1997). Natural selection, on the other hand, favors less elaboration as it would 

allow for organisms to be better hidden from predators and survive. This evolutionary trade-off 

between natural and sexual selection sets the premise for studies that infer any relationship 

between behavior and morphology.  

 Within this category is the Poecilia reticulata, the Trinidadian guppy. These fish are 

shown to be the best display of the sexual selection-natural selection trade-off as they are less 

brightly colored in populations that co-occur with predators (Endler, 1980). In populations that 

do not co-occur with predators, the guppy females would then favor the greater coloration 

variant to show the prevalence of sexual selection. Trade-offs as seen in the guppy can be 

extrapolated into other genera within the Poeciliidae family such as Gambusia.  
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 Any species in this genus in which the males lack ornamentation would be expected to 

resort to sexually coercive behaviors, such as sneak copulation. Morphologically, the 

gonopodium, the modified anal fin of males that serves as the intromittent organ, would then be 

expected to be longer in order to facilitate this mode of copulation. In contrast, any species 

within the genus with more elaborate traits would is expected to display non-sexually coercive 

behaviors as they would have a higher chance of gaining female cooperation during mating. 

Again, in contrast, the gonopodia in males that exhibit such behavior are expected to be smaller 

in size.  

 Gambusia is the target genus of study. It is of interest because it is the largest genus of 

the family, yet there has not yet been much research conducted on it. It is also variable in sexual 

dichromatism in the sense that the males are brightly colored and the females are dull. This, 

however, is most evident in G. rhizophorae as males had orange dorsal fins, but the other two 

species considered in this study were limited to a slight glimmer in the male’s fins. As with other 

species in the family, some species are known to display courtship. The relationship between 

male attributes and behavior has not been investigated under the light of sexual selection, lending 

itself to the goal of characterizing associations between morphology (Goldberg et. al, 2018). 

These relationships are clear in other species as explained in the Goldberg et. al (2019) and 

Pollux et. al (2014) papers, and it is of interest to determine if the same relationships exist in this 

genus. Due to the limitation of only having three species, this report presents a stepping stone in 

reaching a longer-term goal of a more comprehensive view of the entire genus. In the same 

extent that species within the genus differ from one another in sexual dichromatism, 

ornamentation, behavior, and gonopodium length, it can be predicted that they will have similar 
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associations revealed by work on the genus Poecilia. Inferences made in the aforementioned 

genus can be extrapolated to the Gambusia.  

Methodology 

Gambusia Species and Preparation of Housing Tanks 

We selected three species of Gambusia for study primarily based on availability. These 

three species are Gambusia punctata, Gambusia rhizophorae, and Gambusia sexradiata, 

respectively.  

Table 1: Species used in the study and the demographics of the populations 

Species 
Number of 

Males 

Number of 

Females 
Origin 

Gambusia punctata 6 6 Goliad Farms, Texas 

Gambusia rhizophorae 1 6 Long Key, Florida Keys 

Gambusia sexradiata 4 6 Ingo Schlupp Laboratory, University 

of Oklahoma 

 

Each population was housed in a ten-gallon tank with dimensions of 20” in length by 12” 

in height by 10” of depth. They were all filled with a 1 to 1.5-inch-thick bed of gravel and rooted 

plants. Prepared water was added to the tank until a half-inch of space remained from the top. 

The front half of the tank was designated to be an area where the Gambusia could swim freely 

and to allow for observations to be conducted without obstruction, as such, small plants, as well 

as other miscellaneous items like broken terracotta pots, were placed in the front of the tank. The 

smaller items also acted as potential shelters for any offspring. Tanks had sponge filters fitted 
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with air lines placed in the back-left corner of the tank. The G. rhizophorae required special 

accommodations due to their natural environment being of a high salt content. The water of the 

G. rhizophorae was prepared by mixing two cups of Instant Ocean salt per gallon of water to 

attain a salinity of 30 – 35 parts per thousand (ppt) in the water. Due to the high salt content, live 

plants were not an option and therefore artificial plants became the primary source of vegetation 

and cover. 

 

Figure 1: Layouts of the tank in A) overhead view and B) slightly obscured from the front 

 

Conducting Preliminary Observations 

Each population was allowed to acclimate to its aquarium for seven days before 

observations began. The G. punctata were given three additional days to acclimate to the glass 

tank, as their previous environment was one of opaque drums as opposed to small glass 

enclosures.  

After the acclimation period, a preliminary observation of 20 minutes was conducted by 

taking a 25-minute video and splicing out the first and last 2.5 minutes to act as buffer periods 

A B 
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for the fish to recognize that there are no disturbances to them. In these 20 minutes, three broad 

categories of behavior were investigated: male-male interactions, male-female interactions, and 

female-female interactions.  

The purpose of the preliminary observation is to determine if there were in fact 

exchanges within the population that could potentially represent courtship behavior. At every 

time period, the timestamp of the video at which a specific behavioral pattern occurs was noted 

along with the type of behavior performed. This possibility is denoted in a ternary system with 

the possible options being, “Yes” for clear, reciprocated interactions, “No” for a lack of 

interactions whatsoever, and “Maybe” for ambiguous exchanges that do not tend to have a result 

of some kind.   

Conducting Observations and Recording Videos 

 After acclimation, a series of three videos was recorded for each species over the course 

of seven days:  on days 1, 4, and 7. Each of these videos had a duration of 35 minutes. However, 

the usable data from the observations is the middle 20 minutes of the video. 10 minutes at the 

beginning were deleted to allow for the fish to return to their normal, undisturbed state and the 

last 5 minutes were also removed as to erase any reflections on the glass of the researcher turning 

off the camera. Each of the videos was treated separately when recording behavior and they were 

viewed at a later date on a computer.  

To reduce the glare from the lights around the laboratory, a black tarpaulin was placed 

around the camera clipped around different air lines that ran above and below the observation 

tank. The camera was mounted on a tripod where it was exactly perpendicular to the largest pane 

of glass that measured 20 inches long by 12 inches high. Loud sounds were avoided and the 
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room where the recordings were occurring became isolated for the 35 minutes during the 

recording.  

Based on the findings from the preliminary observations and in conjunction with Sex, 

Color, and Mate Choice in Guppies (Houde, 1997) a list of possible behaviors was created. Each 

of the videos, when watched, would follow the entire population but specific males would be 

followed if they displayed any kind of courtship behavior. Observations of courtship behavior 

began with the males as they would be the ones to initiate interactions, however a cascade of 

behavioral events is not ruled out in response to a specific display or action. Two broad 

categories, non-sexually coercive and sexually coercive encompassed multiple categories as seen 

in table 2. It is important to note, however, that there is only one male in the G. rhizophorae 

population, eliminating them from any jockeying displays as well as possibly skewing some of 

the data due to a lack of competition.  

 

Table 2: Descriptive Categories to Classify Various Behavioral Displays 

 Description 

Non-sexually 

Coercive 

Behaviors that was seemingly consensual based on male and female 

behaviors or behaviors that the male displayed which did not infringe on 

the female directly 

Sigmoid 

Display 
Male contorts its body in a vertical or horizontal S-shape 

Change in 

Color 
Darkening or lightening of coloration on a male 
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Miscellaneous 
Behaviors that did not fall into the aforementioned categories and did not 

involve disturbances to the females 

Sexually 

Coercive 

Displays or attempts carried out by males that were instigative in nature 

or copulatory events that occurred exclusive of female choice 

Jockeying 
A subset of male – male chasing where males would chase each other to 

exert dominance in order to court a female 

Male – Female 

Chase 

Instances when a male darts toward a female and the female quickly 

swims away with a male following 

Nibbling 
Male approaching a female and biting the female along its trunk or 

caudal peduncle 

Gonopodium 

Thrust 

The act of a male rotating its gonopodium forward into a copulatory 

position accompanied by a defined push of the gonopodium towards the 

female 

 

Measuring Gonopodium Lengths and Gathering Data 

 Gonopodium lengths across different species will vary especially if species differ in size. 

To create a more standardized form of measuring and comparing such values, the gonopodium 

lengths of the three Gambusia species were measured. Once completed, the standard length and 

the total lengths were also determined. Standard length was determined to be the length from the 

head of the fish by the nose to the end of the caudal peduncle. Total length is similar to standard 

length; however, the measurement is from the head to the end of the caudal fin. The standardized 

measurement of these three variables is the ratio of the gonopodium length to both the standard 

and total length. Due to the nature of the variance in the number of males for each population, 
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the number of gonopodia measured may vary in terms of the males measured. To compare the 

ratios between populations, all gonopodia measurements will be averaged per species. In figure 

3, images from the Benton County Mosquito Control District of male and female Gambusia 

affinis are shown to illustrate how the gonopodium, standard, and total lengths were measured. 

All of the measurements were conducted using digital Vernier calipers.  

To measure the gonopodia of the fish, the live males will be caught and be placed in a 

temporary holding cells to be sedated. Males are individually removed from the holding area and 

are placed in a solution of water, MS-222, and sodium bicarbonate to temporarily immobilize the 

fish. Quickly, they are removed from this solution and placed underneath a microscope where the 

gonopodium length will be measured as indicated in Figure 3C. Once completed, the fish will be 

placed in a small cup filled with water from its original housing tank and the fish will be returned 

to their original tank once they are swimming without labored breathing or any redness around 

their gills. This is done for the G. punctata and G. sexradiata. However, for the G. rhizophorae, 

due to their saltwater environment, the male was not sedated as to avoid any adverse effects of 

freshwater. For the G. rhizophorae, preserved stock will be used by setting up a water dish and 

measuring their gonopodia underneath a microscope as well.  

 

 

A B 
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Figure 3: Examples on the parameters for measuring A) standard length, B) total length, and C) 
gonopodium length 

 

Results 

Preliminary Observations 

 The preliminary observations were used to determine the range of behaviors exhibited by 

each species and hence create the categories of behavior that would be quantified in the 

subsequent videos. Each of the Gambusia species exhibited a degree of copulatory behavior, 

non-sexually coercive and sexually coercive. The most common of the aggressive behaviors was 

male-male chasing as well as male-female chasing. Nibbling, while uncommon, did occur only 

after males had attempted to gain the female’s attention using some non-sexually coercive 

mechanism. These methods included gonopodium swings into a forward-facing orientation, 

gonopodium wagging or shaking, as well as sigmoid displays.  

 A rare occurrence was with female-female aggression in the G. punctata and G. 

rhizophorae. In the case of the G. punctata, a female would chase away another female if they 

were too close. The aggressor would typically be swimming in an isolated corner of the tank, and 

as another female approached it, the original female would chase it away. On the other hand, G. 

rhizophorae had one occurrence when the largest female with the largest gravid spot chased 

C 
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another female around the tank; the latter was a female that the male had just attempted to 

engage in copulation.  

 Another rare occurrence was the indication of color changes. During the observation of 

the G. rhizophorae, there was a single instance when the single male slowly approached a female 

that was freely swimming in the tank. Before the approach, the male was a light-grey color, its 

natural hue. Immediately before chasing the female, the male is seen swimming behind the 

artificial plants in the tank and once it swims towards the female, has a dark grey color and a 

dark stripe along the length of its trunk and caudal peduncle. As a result of the male-female 

chase, the female would seemingly attempt to disengage the male by quickly swimming away. 

However, the male would then swim in front of the female and be perpendicular to its head. In 

response, the female would nip at the body of the male and the male would reciprocate the 

behavior.  

Non-Sexually Coercive Behavior 

 The most common form of this form of courtship was the sigmoid display and under the 

miscellaneous category fell gonopodia wagging and males tilting their bodies to one side. During 

every single trial, there would be a sigmoid display, the minimum of which would be one from 

the G. rhizophorae and the maximum being ten from the G. punctata. Gonopodium wagging and 

the tilting of the male body almost came synonymously, with gonopodium wagging and male 

tilting occurring six times in conjunction with each other as opposed to a total of seven 

occurrences of gonopodium wags without the body tilt. The least frequent of the behaviors was 

color changes, only occurring in G. rhizophorae and G. punctata twice out of the three 

replicates. In terms of total occurrences of non-sexually coercive behavior, the G. rhizophorae 
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had the highest total of 50 displays over the course of three replicates. The G. sexradiata on the 

other hand had the least number of non-sexually coercive displays with 21.  

Table 3: Total Frequency of Non-Sexually Coercive Behavior per Species 

Behavior G. punctata G. rhizophorae G. sexradiata 

Sigmoid Displays 25 11 11 

Color Changes 2 2 0 

Miscellaneous 4 37 10 

Total 31 50 21 

Sexually Coercive Behavior and Jockeying Events 

 To create a more comprehensive understanding of coercive behaviors, aggressive 

displays were included in the overall recording of the data. These aggressive behaviors included 

territory-induced male-male chasing, male-female chasing, and female-male chasing. However, a 

subset of male-male chasing is considered to be a sexually coercive display as it involves males 

vying for a female’s attention. Jockeying is when two males compete for the same female mate. 

Upon conducting all trials and recording videos, it was determined that female-male chases will 

be omitted from the final calculations as they were insignificant in showing aggressive behavior. 

Male-male chases are considered if they fall under the category of jockeying. Male-female 

chases were only considered when it was preceded by another courtship display so as to not be 

confused with any aggressive behaviors displayed by the males to the females.  

 Sexually coercive displays were more sparse than non-sexually coercive displays, 

especially once territorial behaviors were excluded. However, when looking for the most 

aggressive species out of the pool it would be the G. punctata with a total of 205 occurrences of 
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aggressive and sexually coercive behavior, the least would be G. sexradiata with 61 displays. 

When looking at behaviors that were exclusively sexually coercive in the sense of copulation, the 

G. rhizophorae had the greatest frequency of nibbling and gonopodia thrusts with 19 and the 

least from G. sexradiata with 3. With that being said, G. punctata had a recorded 18 instances of 

sexually coercive courtship displays.  

 

Table 4: Total Frequency of Aggressive Behaviors and Sexually Coercive Displays per Species 

Behavior G. punctata G. rhizophorae G. sexradiata 

Male-male chasing 112 0** 46 

Male-female 

chasing 

13 27 8 

Female-male 

chasing 

62 21 4 

*Nibbling 9 14 2 

*Gonopodium 

Thrust 

9 5 1 

Total 205 67 61 

*Behaviors used when analyzing “Sexually Coercive Displays Only” 

**Only one male 

 Jockeying attempts are also extrapolated from male-male chasing. G. punctata had the 

greatest frequency of the total number of attempts at 13 while the least was with G. rhizophorae. 

However, G. rhizophorae in the laboratory setting had only a singular male which would 



16 
 

disqualify it from having any potential instances of jockeying. In that case, G. sexradiata had the 

fewest attempts with only a total of two attempts over the course of three trials. This data is seen 

in Table 6. 

 

Table 5: Jockeying Attempts per Trial per Species 

Species Trial 1 Trial 2 Trial 3 Total 

G. punctata 2 6 5 13 

G. rhizophorae* 0 0 0 0 

G. sexradiata 2 0 0 2 

*only one male present 

 

Non-sexually Coercive and Sexually Coercive Display Relationships 

 To create a meaningful way to view the data from the Gambusia observations, the 

frequency of each behavior was tallied per trial and per species. In order to generate a more 

uniform measurement of the data, multiple ratios were generated, each with the baseline of 

comparing the number of non-sexually coercive displays to the number of sexually coercive 

displays. The latter can then be manipulated to include all of the observed values or simply the 

ones that are limited to courtship alone. As seen in Tables 5 and 6, the ratios of non-sexually 

coercive displays to the two respective sexually coercive display subcategories are organized per 

trial and by species.  
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Table 6: Ratios of Non-Sexually Coercive to All Aggressive and Coercive Displays 

Species Trial 1 Trial 2 Trial 3 

G. punctata 0.0986 0.2472 0.1349 

G. rhizophorae 1.221 1.25 0.8234 

G. sexradiata 0.6625 0.3417 0.2813 

 

 The G. rhizophorae have the highest ratio when it comes to the number of non-coercive 

to aggressive and coercive displays, even reaching above a value of 1 twice. This is perhaps a 

consequence of there being only one male present. G. punctata and G. sexradiata remain less 

than 1 at all times and the average of G. punctata would indicate that it has the smallest ratio 

between the two factors.  

 

Table 7: Ratios of Non-Sexually Coercive to Sexually Coercive Displays Only 

Species Trial 1 Trial 2 Trial 3 

G. punctata 2.25 0.2478 0.1349 

G. rhizophorae 2.175 0.75 1.5833 

G. sexradiata 1 0 0 

 

 As with Table 6, the G. rhizophorae have the highest average of non-coercive displays to 

sexually coercive-exclusive behaviors when comparing each species across the three different 

trials. In a change of events, G. punctata has the second highest ratio of non-sexually coercive 
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behaviors to sexually coercive behaviors while G. sexradiata had a surprising two trials where 

they did not display any non-sexually coercive behavior.  

Gonopodia Lengths 

 Gonopodia measurements were somewhat inconsistent as the number of males varied 

from species to species as seen in Table 1. However, these values are insignificant when not 

standardized with the standard and total lengths. The average of the standard, total, and 

gonopodium lengths are seen in Table 6 below. Based on previous studies, the lengths of the 

gonopodia fall within the average range of 0.15 to 0.5 millimeters long.  

 

Table 8: Average of Total Length, Standard Length, and Gonopodium Length in millimeters 

Species Sample 

Size 

Standard 

Length (SL)  

Total Length 

(TL) 

Gonopodium 

Length (GL) 

 GL:SL GL:TL 

G. punctata 6 30.0383 35.2233 7.9883 0.2661 0.2271 

G. rhizophorae* 10 18.4225 23.82 6.0225 0.3261 0.2519 

G. sexradiata 4 23.567 28.044 7.305 0.3119 0.2612 

*Preserved males, not the one used for observations 

 

Morphological and Behavioral Data Relationships 

 In order to investigate the evolutionary relationship between morphology, specifically 

gonopodia, and courtship behavior, each has to be compared to one another while looking at 

each of the species respectively. Each of the relationships was taken as a species instead of 
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comparing the individual trials. To get the data for the entire species, the average of each trial 

was taken per species and then compared to the average ratios of gonopodium and standard 

length. Since there is data only from three Gambusia species, there is not an adequate amount to 

perform a formal statistical analysis. Instead, the data is presented as scatterplots to illustrate a 

possibly emerging statistical relationship.  

 Visualizing the data in this form facilitates a qualitative comparison of varying degrees of 

change as well as varying meanings of the axes and variables that are explored. As such, the data 

has been organized into two figures, Figure 4 compares the ratios of the gonopodia to the ratios 

between non-sexually coercive and sexually coercive behavior. Figure 5 will compare the 

gonopodia ratios to the individual variables instead of ratios.  

 

 

A B 

C D 
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Figure 4: Scatter Plots of A) Gonopodium length to standard length ratio (GL:SL) compared to 

the non-sexually coercive courtship display to aggressive behavior and sexually coercive display 

ratio (NSC CD:AB/SC) for G. punctata (blue), G. rhizophorae (orange), and G. sexradiata 

(grey) B) Gonopodium length to total length ratio (GL:TL) compared to the non-sexually 

coercive courtship display to aggressive behavior and sexually coercive display ratio for G. 

punctata, G. rhizophorae, and G. sexradiata C) Gonopodium length to standard length ratio 

compared to the non-sexually coercive courtship display to nibbling and gonopodia thrust ratio 

(NSC CD:NB + GPT) for G. punctata, G. rhizophorae, and G. sexradiata D) Gonopodium 

length to total length ratio compared to the non-sexually coercive courtship display to nibbling 

and gonopodia thrust ratio 

 

 

 In the case of the axes on the graphs in Figure 4, it is important to note that along the X 

axis that a large value entails a larger gonopodium, while along the Y axis a value larger than 1 

entails more non-sexually coercive displays when compared to either variable under the sexually 

coercive display category, and a value smaller than 1 shows more sexually coercive displays than 

non-sexually coercive displays. Figure 4A indicates a strong positive association between 

gonopodium length and non-sexually coercive behaviors. Figures 4B, 4C, and 4D each showed 

weaker positive associations with one species’ data being an outlier. Figure 4B has a weak 

correlation in the same direction as figure 4A as it deals with very similar variables. Figures 4C 

and 4D have contrasting correlations, with one being positive and the other being negative 

respectively. Figure 4C has a positive correlation in the same way as figures 4A and 4B, while 

4D has a negative correlation, which suggests that a longer gonopodium is associated with more 

sexually coercive displays than non-sexually coercive displays.  
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Figure 5: Scatter Plots of A) Gonopodium length to standard length ratio (GL:SL) 

compared to the total non-sexually coercive courtship displays (NSC CD) for G. punctata (blue), 

A B 

C D
 

E F 
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G. rhizophorae (orange), and G. sexradiata (grey) B) Gonopodium length to total length ratio 

(GL:TL) compared to the total non-sexually coercive courtship displays for G. punctata, G. 

rhizophorae, and G. sexradiata C) Gonopodium length to standard length ratio compared to the 

total aggressive behavior and sexually coercive displays (AB/SC) for G. punctata, G. 

rhizophorae, and G. sexradiata D) Gonopodium length to total length ratio compared to the total 

aggressive behavior and sexually coercive displays E) Gonopodium length to standard length 

ratio compared to the total of nibbling and gonopodia thrust displays (NB + GPT) for G. 

punctata, G. rhizophorae, and G. sexradiata F) Gonopodium length to total length ratio 

compared to the total of nibbling and gonopodia thrust displays for G. punctata, G. rhizophorae, 

and G. sexradiata 

 

 In contrast to Figure 4, these axes illustrate the relative proportions of different types of 

behavior.   Figures 5A and 5B have contrasting correlations, the former being weakly positive 

and the latter being weakly negative. Figures 5C and 5D have the strongest correlations and they 

are both negative. This indicates that species with larger gonopodia will tend to also exhibit less 

aggressive and sexually coercive behavior. Figures 5E and 5F again have contrasting correlations 

with one being weakly positive and the other being weakly negative, respectively.  

Behavior as a Sequence of Events 

 Behavior, sexually coercive and non-sexually coercive, can be examined as individual 

entities as done previously. Most behavioral events or courtship displays will not be unprompted 

nor will they be isolated in nature. As such, it is important to view the courtship and copulatory 

events as an unordered series of events. The following figures follow the progression of 
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behaviors that unfold as a whole for each of the three Gambusia species. The thickness of the 

lines represents the relative proportion of that transition of courtship display to the total number 

of displays as shown in the species. It is important to note that in these figures the unprompted 

showings of specific keystone behaviors. A blue fill indicates non-sexually coercive behavior 

while a red fill indicates sexually coercive behavior. figures the unprompted showings of specific 

keystone behaviors.   

 

 

 

 

 

 

 

 

 

 

 

 

A 

B 

C 
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Figure 6: Behavior progression flowcharts for A) G. punctata B) G. rhizophorae C) G. 

sexradiata 

 

Discussion 

 It is important to note that while there are correlations that exist and they are mostly 

extremely weak, it is hard to generalize this information to the entire species as the size of the 

populations that were used for each of the species cannot be indicative of species as a whole. 

Instead, these results can be used to make inferences about smaller community tanks where the 

fish can establish a limited degree of community and relationships. Another immediate limitation 

to the study is the presence of a lone male of G. rhizophorae. This prevented any male-male 

aggression data from inclusion in final calculations, as well as likely changing in-tank dynamics 

within the fish.  

 Within the three species it is clear that there is some level of courtship behavior, however 

to varying degrees. Non-sexually coercive courtship displays fall into the classic definition. In 

table 3, G. rhizophorae have the highest frequency of such displays with a total of 50. The 

majority of these displays fell into the “Miscellaneous” category, but such displays were all done 

by a single male, completely outnumbering the frequency of these courtship displays from a 

single male from either G. punctata or G. sexradiata. The latter two species, however, do also 

show courtship but to a much lesser extent with 31 and 21 displays respectively.  

 Courtship goes hand in hand with ornamentation and sexual dichromatism. Both are 

present in a limited extent in the three Gambusia species to varying degrees. Ornamentation was 

not formally measured, but it is seen in the fish that there are no secondary sexual characteristics 
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like sailfin mollies or swordtails. Dichromatism, however, is most evident is with G. rhizophorae 

as the males have an orange dorsal fin and females are dull in coloration. Same can be said for 

the G. punctata males which have a slight iridescence in their fins and dull-colored females. G. 

sexradiata is the exception where both the males and females are similar in grey coloration. 

Based on this, it can be said that G. punctata and G. rhizophorae, which have the most 

ornamentation and dichromatism, have also exhibited the highest frequency of courtship 

behavior. This is to be expected as both these qualities lend themselves to convincing a female to 

cooperate with the male so that a successful copulatory act can happen. In this sense, there is a 

relationship between sexual dichromatism and ornamentation is present with each species, but to 

a greater extent in G. punctata and G. rhizophorae.  

 The data shows the inverse of what was expected: a longer gonopodium length would 

showed a negative effect on the number of aggressive and sexually coercive displays by male 

Gambusia. G. rhizophorae, which had the highest frequency of non-sexually coercive behaviors, 

had the longest gonopodium to standard length ratio. Admittedly, this relationship is one that is 

unexpected. Based on previous work, it is expected that longer gonopodia would mean that a 

male would increase the rate of sexually coercive courtship displays. Longer gonopodia would 

give the male an advantage for sneak copulatory attempts, as a male would be able to approach a 

female and quickly attempt to thrust its gonopodium. Shorter gonopodia would entail that male 

Gambusia are unable to perform such an act, and would require cooperation from the female to 

be successful. G. sexradiata is the exception to this where they had the largest gonopodium to 

standard and total length. They also had the least number of displays total. While the expected 

relationship is one where a longer gonopodium means more sexually coercive behavior, it is 

difficult to rule out whether less displays is a result of a longer gonopodium. Female cooperation 
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is a crucial aspect to understand the relationship between gonopodium length and courtship 

behavior. As such, a greater frequency of non-sexually coercive behavior is related to an increase 

in female cooperativity. The ratios between non-sexually coercive displays and coercive displays 

are more indicative of such data in order for normalization. It is important to note, however, that 

due to the single G. rhizophorae male, there was a need to selectively eliminate male-male 

aggression, possibly skewing the data in one direction or another.  

 With regards to an evolutionary relationship, there are phylogenetic trees exclusively on 

the genus that include each of the three Gambusia species in question. This relationship is seen 

in Figure 6. Each of the three species is highlighted with G. punctata and G. rhizophorae having 

a common ancestor in the form of a polytomy while G. sexradiata is far removed from the other 

species.  

 

     

 

 

Figure 7: Gambusia phylogenetic tree 

(Langerhans, 2011) 

 

 

Based on the data, there is no relationship when dealing with gonopodia lengths or non-

sexually coercive or sexually coercive courtship displays. This, however, could be due to the 



27 
 

small number of species studied thus far and the small number of individuals per species plus, 

perhaps, the nature of the individuals in the study. The G. punctata were exceptionally large with 

an average total length of 35.223 millimeters while the G. sexradiata were comparatively smaller 

with an average total length of 23.82 millimeters. These size differences could account for the 

varying values of data. However, the proportions were more important in this interpretation and 

even then, the G. rhizophorae and G. sexradiata were closer together in ratios of gonopodia 

length to standard and total length yet they are less related than G. rhizophorae and G. punctata.  

With the same evolutionary relationships in mind, attention can be turned to the 

behavioral relationships that exist with each of the species. G. punctata and G. rhizophorae are 

the most closely related species with G. sexradiata a distant relative. This relationship is made 

more distinct in comparisons of behavior, as G. punctata and G. rhizophorae exhibit specific 

behavioral patterns that are not seen in G. sexradiata. A sigmoid display followed by a 

gonopodium thrust after a male approaches a female is present in these two species but not in G. 

sexradiata, as gonopodium thrusts occur after jockeying or male – male chasing events 

exclusively. Another is the presence of a color change in relation to a male-female approach. As 

a non-sexually coercive courtship display and the most complex, the change in color could 

indicate a chromatic signal for the female that indicates its readiness to mate. Both of these novel 

behaviors could be some kind of behavioral event that the two species inherited from a common 

ancestor, possibly even the node of the tree at the polytomy that connects G. punctata and G. 

rhizophorae. 

As the gonopodium length ratio of the sampled G. punctata is the shortest of the three 

species, it would be expected that they have the most elaborate courtship behavior to ensure the 

highest chance of a successful copulatory attempt. Behavior that is present throughout each of 
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the species is the act of gliding after the male approaches the female. Gliding is a mechanism that 

males can use to gauge a female’s interest or to draw the female away from a larger group 

(Houde, 1997). Because gliding is the sole complex behavior that is displayed by all three 

species, it reflects the same results that were seen where a longer gonopodium showed a higher 

frequency of non-sexually coercive behavior.  

As a whole, gonopodium length and courtship displays are related only in a limited 

extent. Based on the data gathered, there tend to only be very weak correlations between the 

variables that were investigated, fueling the possibility to explore these relationships further on a 

much larger scale in terms of population and categories. More Gambusia species would paint a 

more complete picture on how their morphology relates to behavior as well as examining female 

responsiveness. Many more replicates of such a study where multiple populations of the same 

species could be investigated to then get a better idea of the frequency of the behaviors. 

Statistical methods can then be employed to make more important to see if these relationships 

are meaningful or if they happen by chance. However, the behavioral sequence data extrapolated 

from the observational data lends itself to the evolutionary relationships that exist between the 

three Gambusia species.  
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