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1. Introduction  

Sexual selection can occur as a result of either mate choice or intrasexual 
competition after a deliberate, non-casual, reproductive attempt and/or 
fertilization (Edward & Chapman, 2011). 
In the past attention has been focused on studying female choice assuming 
its more relevant reproductive role. Now, however, male mate choice is 
recognized as a widespread mechanism playing a crucial reproductive role 
that has been offering a new perspective and interest in the study of sexual 
selection.  
The study of male mate choice can therefore play a key role in 
understanding speciation and hybridization mechanisms (Edward & 
Chapman, 2011; Banerjee et al., 2023; Brauer et al., 2023).  

1.1 Male mate choice 

Males have been proven to be selective when mating investment is high or 
female quality varies. This challenges the traditional view of competitive 
males and choosy females (Wong et al., 2005; Schlupp, 2021).  
Male choice can be present alongside female choice either confirming it or 
subverting it; such subversions can, for instance, take the form of forced or 
inconspicuous fertilizations (Wong et al., 2005). 

Similarly to female choice male mate choice can act as either a pre-mating 
or post-mating barrier. Examples of male choice that occurs after mating are 
differential sperm allocation and parental care allocation. The latter 
manifests itself as a greater effort in parental care towards offspring from 
attractive females. After mating decisions usually occur when physical 
contact is required to assess female quality, thus limiting the potential for 
choice before the reproductive attempt. Preferences that precede a 
reproductive attempt can manifest as choosing certain females to court over 
others or either the acceptance or rejection of female courtship (Edward & 
Chapman, 2011).   

Male-Male aggression can institute another type of male choice as males 
choose where to allocate their resources, whether in courtship or 
competition. Increasing the intensity of both courtship and competitive 
behavior requires a considerable amount of time and resources. Investing 
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in courtship and competition therefore greatly limits the ability of males to 
mate with multiple females (Edward & Chapman, 2011). 

The development of selective behavior in males is often due to a relatively 
high cost of mating. Examples of costly activities are the search for females, 
courtship displays and production of nuptial gifts. A further risk is presented 
by the fact that male reproductive attempts can often result in injuries or 
death (Wong & McCarthy, 2009). Finally, variations in female quality that 
potentially limit fitness also pose a risk to indiscriminate mating (Simcox et 
al., 2005). 
The cost of choice itself, however, can also be influenced by a number of 
factors, for instance the presence of predators (Simcox et al., 2005). The 
ability of a male to mate with attractive females decreases as more 
resources are invested in the mating effort. This potentially high cost could 
lead to higher mortality. Selectiveness also poses a risk in cases where 
encountering future mates is unlikely or uncertain. Female availability is 
hence a key factor in male mate choice (Edward & Chapman, 2011; Schlupp 
2021).  
A balance between the costs of mating and the costs of choosing is what 
ultimately determines whether male mate choice will be developed or not. 

1.2 Species recognition and male choice 

Genomic tools have, in the past two decades, brought to light the extent of 
hybridization as a common evolutionary mechanism. The effects of 
hybridization are varied, ranging from the establishment of rapid adaptations 
to limitations on fertility or changes in the tolerance for environmental 
stressors. Understanding hybridization is not only important in the study of 
the evolutionary processes that lead to speciation, but also a tool for 
conservation (Banerjee et al., 2023; Brauer et al., 2023). 

The ability to recognize potential mates plays a key role in speciation acting 
as an important pre-mating reproductive barrier (Wong et al., 2005). 

Although the cost of heterospecific copulation is relatively small for males, 
there should be selection against reproductive efforts that don’t increase 
fitness as they can constitute an unnecessary expenditure of resources. 
This leads to the evolution of processes that allow for males to discriminate 
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and choose between species. The recognition of heterospecific individuals 
as mates therefore hinges on the amount of limitations that hybrids pose to 
reproductive success (Schlupp, 2021). 

Species recognition occurs with a wide range of sensory modalities such as 
through visual cues and auditory cues, the most widespread type of 
communication being olfactory cues. The latter are especially relevant to 
male choice since females usually lack visual ornamentation. 
Anthropogenic disruption of the environment can impact the sensory inputs 
that inform mate choice leading to alteration in reproductive patterns and 
hybridization rates. It is therefore useful to have knowledge of species 
recognition mechanisms prior to said disruptions (Fisher et al., 2006; 
Delclos et al., 2020; Banerjee et al., 2023). 

1.3 Xiphophorus as a model 

Xiphophorus birchmanni and X. malinche are two species of live bearing, 
sexually dimorphic poecilid fishes.  

Females of both species display similar morphologies, characterized by a 
single horizontal stripe (Banerjee et al., 2023). Male X. malinche bare a 
caudal fin extension, known as a sword, while X. birchmanni lack this 
characteristic. X. birchmanni however, present enlarged and colorful dorsal 
fins and are deeper bodied. Males of both species, on the other hand, 
present vertical barring, in contrast to the female horizontal stripe, and a 
reproductive organ utilized for internal fertilization and derived from the 
modification of anal fins, the gonopodium (Wong & Rosenthal, 2006; 
Johnson et al., 2014). 

Naturally occurring hybridization of these two closely related swordtails has 
been extensively documented. Hybrid zones have been documented as 
distributed along elevation gradients in the Rio Panuco basin of the Sierra 
Madre Oriental, in northeastern Mexico. Notably, in the Río Calnali pure-
species individuals are rarely present and hybridization seems to be 
ubiquitous (Fisher et al., 2006; Culumber et al., 2011; Banerjee et al., 2023). 
This allows for the study of environmental effects on speciation since closely 
related species occupying similar but distinct environments may exhibit 
different adaptive traits and behaviors (Culumber et al., 2011). 
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In Xiphophorus, studies have shown females generally prefer heterospecific 
visual signals and conspecific male odor cues (Wong et al., 2005; Fisher et 
al., 2006). These preferences however can be influenced by a variety of 
conditions, such as environmental alterations of the chemical composition 
of the water (Fisher et al., 2006); the presence of either conspecific or 
heterospecific adults during development seems to influence preference 
(Delclos et al., 2020) or proportions of heterospecific males present in a 
population (Fisher & Rosenthal, 2009).  

As seen in Wong et al. (2005), however, X. birchmanni males have been 
shown to prefer odor cues from allopatric X. malinche in dichotomous choice 
tests whilst not showing a preference for visual cues.  

2. Objectives 

This work investigates the influence that the presence of females of different 
hybridizing species has on male reproductive behavior. This assessment is 
focused on the observation of male X. birchmanni behavior in social 
groupings that include either X. birchmanni or X. malinche females. The 
goal is to determine whether males in different social environments exhibit 
different amounts of reproductive behavior and different proportions of 
competitive and courtship behaviors. 

2.1 Male preference for heterospecific odor cues 

Premating isolation can lead to speciation through different sensory 
recognition systems. This isolation is derived either by the sensory system's 
ability to perceive stimuli or by the behaviors and choices that those stimuli 
elicit from an individual. Studies involving isolated stimuli are therefore 
necessary to understand which sensory systems inform an individual’s 
reproductive decision (Wong et al., 2005; Delcols et al., 2020). 

Xiphophorus females display a strong preference for conspecific odor cues 
and heterospecific visual traits. These preferences, however, have been 
shown to be influenced by both social development and disruptions to the 
chemical environment (Fisher et al., 2006; Verzijden & Rosenthal, 2011). As 
for male X. brichmanni Wong et al. (2005) conducted both visual and 
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chemical preference tests. Although no preference was found for visual 
cues, males seemed to show a preference for heterospecific odor cues. 

Males favoring unfamiliar females has been observed in a number of 
diverse groups including other poecilid species such as Poecilia reticulata. 
This tendency, called Coolidge effect, can be explained by concluding that 
if male fitness increases with the number of partners, then selecting newer, 
unfamiliar, females should be beneficial (Simcox et al., 2005). 

2.2 Role of social environment in mate choice 

Although understanding how singular stimuli influence choice is important, 
the role of observers cannot be excluded (Fisher & Rosenthal, 2007). 

Firstly, composition of the social environment at the time of development 
can shape an individual’s preferences. Exposure to heterospecific or 
conspecific signals helps the formation of social memories and the 
integration of multimodal signals. Development shapes the expression of 
determined signaling pathways to make socially informed decisions. 
In female X. birchmanni this translates to a preference for either X. 
birchmanni or X. malinche depending on which they were exposed to during 
development. This includes both visual and olfactory cues (Verzijden & 
Rosenthal, 2011; Delclos et al., 2020). A disinclination to interact with a 
particular species following a negative interaction with its members has also 
been documented. Learned experience can therefore shape future decision 
making by both favoring or discouraging preference (Verzijden et al., 2012). 

Moreover, social interaction usually occurs in the presence of a variety of 
individuals, both potential mates and rivals, conspecifics or heterospecifics, 
such presence could therefore influence behavior (Fisher & Rosenthal, 
2007; Makowicz et al., 2010).  
A first example of how an audience could influence choice is the case of 
mate copying where individuals shift their preferences based on observed 
behavior in their social environment. This has been observed for a variety 
of species and in both males and females (Schlupp, 2021). 
Another case has been, for example, observed in studies involving other 
poecilids such as Poecilia latipinna where males increased their 
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reproductive behavior when in the presence of another male (Makowicz et 
al., 2010). 
Such behavior has also been documented in Xiphophorus where males 
display their dorsal fin more frequently in the presence of other males. In 
turn, aggression seems to be lower towards rivals with larger dorsal fins. 
This, along with female preference for less prominent dorsal fins and swords 
(in X. malinche), might point to the evolution of dorsal fin raising behavior 
not as to attract female attention but rather as a signal towards male 
competitors (Fisher & Rosenthal, 2007).  
Aggression between males can also be influenced by competition for 
resources, body ornamentation, body size and prior experience. Social 
environment can also influence aggression as it can be encouraged or 
discouraged by the size of the opponent. Increases in competition may also 
develop as a signal towards individuals witnessing the aggressive act 
(Wilson et al., 2013; Earley & Dugatkin 2002). 

In general, individuals can obtain information by observing other individuals’ 
interactions in a social setting. This highlights the importance of both 
analyzing reactions from individuals exposed to different isolated stimuli and 
observing behavior in complex social environments (Schlupp, 2021). 

This work will therefore observe how the presence of conspecific or 
heterospecific might affect male X. birchmanni behavior.  

3. Materials and methods 

Observations were conducted on experimental groups in a controlled 
environment through the filming and subsequent analysis of video footage. 

Recording took place at the CICHAZ research center (Centro de 
Investigaciones Científicas de las Huastecas “Aguazarca”, A.C.), within the 
municipality of Calnali, Hidalgo, Mexico. 

3.1 Experimental groups 

The observations were conducted on two different experimental groups 
divided into tanks, by species of female, as follows: 
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 BB Tank: containing 16 X. birchmanni males and 20 X. birchmanni 
females. 

 BM Tank: containing 16 X. birchmanni males and 20 X. malinche 
females. 

Both tanks were kept under the same standardized conditions: of 27-28 °C 
and 70% humidity. The fish were fed regularly. External stressors were 
avoided. Tanks were provided with shelters mimicking natural environment.  

The fish had been located in these tanks for more than a week at the time 
of recording. 

3.2 Types of social interactions 
Observations were focused on male sexual behavior.  
Male swordtails court by swimming in proximity of females (Figure 1 and 
Figure 2), raising and briefly quivering their dorsal fin and flexing the 
gonopodium (Figure 3) (Wong et al., 2005; Fisher & Rosenthal, 2007). Aside 
from mating displays male courtship behavior is associated with the release 
of pheromones by the male through strategic body positioning and urination 
(Rosenthal et al., 2011). 

  
Figure 1: Example of male courting a X. birchmanni female.  

 



9 
 

 
Figure 2: Example of male courting a X. malinche female. 

 

 
Figure 3: Example of male display with visible gonopodium. 

 
One type of aggressive behavior consists in attacks, intended as sudden 
acceleration towards a male target. Dorsal fin displays can also constitute 
competitive behavior as it has been shown that males avoid attacking rivals 
possessing larger fins (Wilson et al., 2013). 

Reproductive behavior was divided into either courtship or aggressive 
behavior. For the purposes of video analysis, raising of the dorsal fin was 
used as the main indicator that a social interaction was occurring.  
The type of social interaction, whether aggressive or courtship, was 
determined by the sex of the fish that was either in direct line of sight or in 
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close proximity to the male raising its dorsal fin. Any display or chase that 
involved another male was counted as aggressive, conversely a display or 
chase that was directed towards a female was counted as courtship 
behavior. 
Attacks and chases, even when prolonged in time, were counted as singular 
instances.  
Attacks that resulted in the attacked male fighting back were counted as 
aggressive behavior for each of the males. In contrast, when an attack 
attempt resulted in the attacked male fleeing aggressive behavior was only 
counted once (Figure 4). 
 

 
Figure 4: Example of a male attack resulting in attacked male fleeing. 

Displays with no discernable target or displays where the target’s sex 
couldn’t be identified were not counted. Instances where two fishes were 
next to each other, each looking at their own reflection while raising their 
fins, were also excluded, unless followed by a more evident interaction 
(Figure 5). 
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Figure 5: Example of display at own reflection. 

Instances where three or more males and one or two females interacted 
were notably hard to log. In these cases, one aggressive interaction was 
added for each of the present males. Courting interactions were added in a 
number equivalent to the number of males multiplied by the number of 
females (Figure 6).  

 
Figure 6: Complicated interaction between three males, a, b and c, and 

two X. birchmanni females, d and e. 

 

3.3 Video analysis 
The videos were recorded by inserting a camera within a waterproof casing 
directly into the short end of the tank with the camera slightly tilted 
downwards. Recording was activated remotely a few minutes after the 
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cameras were positioned and only after the fish were left alone in the room. 
After 33 minutes recording was stopped, also remotely, and the cameras 
were collected. 

The videos were analyzed using the event logging software BORIS 
(Behavioral Observation Research Interactive Software) (Friard & Gamba, 
2016).  
Footage was played at 0.5x speed logging each type of interaction within 
the limitations described above. Recordings of both groups were analyzed 
with a total of three viewings. The first two viewings involved focusing on 
either the left or right side of the screen. The third viewing focused instead 
on checking previously logged behaviors and ensuring that chases that 
started on one side and ended on the other were not counted twice.  

Sexual identification was established by observing secondary sexual 
characteristics: males were identified by the presence of colorful fins and, 
more importantly, vertical barring. These initial identifiers were, when 
possible, followed by tracking the fish until camera focus allowed to confirm 
whether the gonopodium was present or absent (Figure 3). This was, 
however, rarely possible as camera focus and video resolution posed a 
great limit to the identification of the fish’s sex.  

4. Results 
The observations resulted in two lists, one for each of the analyzed tanks, 
logging each visible instance of reproductive behavior in the time frame of 
the recording.  

Table 1: Instances of each behavior per test group and total number of 

interactions. 

  Aggressive Courting Total 

BB 90 118 208 

BM 81 122 203 

Total 171 240 411 
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The collected data can be viewed as a 2x2 contingency table (Table 1, 
Figure 7) that allows for the Pearson's Chi-Squared Test for independent 
variables. These results show no significant difference in preference for type 
of behavior in the two groups (X-squared = 0.479, df = 1, p-value = 0.489). 

Figure 7: Comparison between aggressive and courting behaviors.
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Figure 8: Visualization of the proportions of counted behaviors. 

Additionally, the total number of activities of both groups make up similar 
proportions (Figure 7) of the 411 activities recorded overall, BB consisting 
of 50.608% and BM of 49.392%. There seems to be no significant difference 
between overall activity, when tested for equality of proportions (X-squared 
= 0.078, df = 1, p-value = 0.780). 

Although there seems to be no preference between the groups, there seems 
to be a significant overall preference, regardless of group, for courtship 
behavior (58.394% of total behaviors) over aggressive behavior (41.606% 
of total behaviors) in both groups (X-squared = 22.501, df = 1, p-value = 
2.1e-06) (Figure 8). 

5. Discussion 

These results fail to prove a connection between the presence of 
conspecific or heterospecific females and male behavior. Mating efforts of 
male X. birchmanni, under these conditions, seem to be similar regardless 
of species. The two groups do not show differential preference for a certain 
type of behavior nor exhibit differences in the amount of overall reproductive 
activity. It can’t be therefore excluded that X. birchmanni do not differentiate 



15 
 

between X. birchmanni and X. malinche females as possible mates in the 
presence of conspecific males.  

It is important to remember, however, that in Xiphophorus emission of 
sexual pheromones by males is an important part of reproductive behavior 
and social communication, alongside visible displays (Rosenthal et al., 
2011).  
This means that an exclusively visual observation of male behavior does 
not account for all types of resource allocation. Therefore, males that do not 
show preference through visual display might still express different 
reproductive investment through the strategic release of chemical signals. 
It could be useful, then, to analyze the chemical content of the water at time 
of recording and compare it to visual observations. 

Furthermore, the observed groups had been living in the same tank for more 
than a week thus limiting the possible effects that unfamiliarity could have 
had on the male’s behavior. Whether or not time spent within a certain group 
could influence the number of reproductive attempts could be assessed by 
comparing behavior in different groups that have been living together for 
different amounts of time. 

Finally, both groups exhibited a small but significant preference for courtship 
behavior. This could potentially mean that allocating resources towards 
reproductive attempts instead of Male-Male competition might be beneficial 
to males under these conditions. 

5.1 Limitations 

These observations suffer from a series of issues, most notably the lack of 
replications and the qualitative nature of the variables. More statistically 
relevant information could be obtained by analyzing more recordings and 
more groups. Furthermore, a quantitative alternative to counting the number 
of behaviors could be to measure the time each male spent performing each 
behavior. This was, however, not feasible in this case due to time constraints 
and the limitations imposed by the footage described below. 

There were several difficulties in analyzing the footage mainly related to 
camera positioning and limited focus.  
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The first problem was posed by the effects of depth of field and perspective 
that made fish appear both smaller and less detailed when at the far end of 
the tank.  
This posed a great problem in sex identification as the presence of the 
gonopodium was rarely visible and the sexually dimorphic markings had to 
be employed for identification. However vertical bars and horizontal lines 
became indistinguishable when the fish were faraway thus not allowing for 
logging of several interactions. Bigger sized or particularly colorful females 
posed the biggest complications. 
This was due to the fact that the camera was positioned on the short side 
of the tank facing its longer axis. This choice was necessary due to space 
limitations. Better methods of recording could include positioning the 
camera outside of the tank facing its longer side or employing multiple 
camera angles.  
Another problem with the recording was that, since the camera was 
positioned inside of the tank, fish coming close to the lens completely 
obscured the view of the rest of the tank. This, alongside the presence of 
shelters in the tank made tracking individual fish difficult.  
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