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ABSTRACT 

Sexual conflict is a mechanism of selection driven by the divergent fitness interests between 

females and males. This disagreement can be great enough to promote antagonistic/defensive 

traits and behaviors. Although the existence of sexual conflict has been identified in many 

species, less research has explored the conditions that initially promote sexual conflict in animal 

mating systems. In previous works on Opiliones, we observed morphological traits associated 

with sexual conflict only occurred in species from northern localities. We hypothesized that, by 

shortening and compartmentalizing time periods optimal for reproduction, seasonality 

represents a geographic condition sufficient to promote sexual conflict. We conducted a 

systematic review of literature on reproductive traits and behaviors. Using standardized criteria, 

we reviewed publications to identify whether subjects occurred in a temperate (high seasonality) 

or tropical (low seasonality) biome. After identifying and adjusting for a publication bias towards 

temperate research, we identified no significant difference in the strength of sexual conflict 

between temperate and tropical study systems. A comparison between the distribution of taxa 

studied in sexual conflict papers and papers focused on general biodiversity indicates species 

with conflict-based mating systems more accurately represent the distribution of terrestrial 

animal species. These findings contribute to ongoing efforts to characterize the origins of sexual 

conflict, as well as life history traits that co-vary with sexual conflict. 
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Introduction 

Sexual conflict was first described in a 1966 book titled “Adaptation and Natural Selection” by 

George C. Williams. Some debate over the exact meaning of the term exists, however, for some 

researchers, sexual conflict describes a mechanism of selection rooted in the conflict between 

the different fitness interests of males and females (Scharer et al. 2012; Michalczyk et al. 2011; 

Kaneshiro 2009; Pizzari & Snook 2007; Parker 2006; Arnqvist & Rowe 2005; Pizzari & Snook 

2003; Parker 1979). Sexual conflict is broadly categorized as inter- or intra-locus depending on 

the specific mechanism through which the conflict is generated (Schenkel et al. 2018). Both 

forms of sexual conflict arise from differences in sex-specific fitness optima: intralocus conflict is 

due to shared genetic architecture  while interlocus sexual conflict involves alleles at different 

loci (Schenkel et al. 2018). In one common example of interlocus sexual conflict, males and 

females “disagree” over the mating rate. The optimal mating rate of males is often higher than 

that of females. Females maximize their fitness by being selective with their gametic 

investments, and males, often unable to assess their paternity, encourage mating and ensure 

fertilization (Kaneshiro 2009). In this case both sexes cannot achieve their maximum fitness 

simultaneously, so a mutual resolution is impossible. One possible outcome of this conflict is 

sexually antagonistic coevolution (Parker 2006; Pizzari & Snook 2003). Within sexually 

antagonistic coevolution, males and females can become locked in an arms race, each evolving 

traits that come at a fitness cost of the other sex (Parker 2006; Arnqvist & Rowe 2005; Arnqvist 

& Rowe 2002; Clutton-Brock & Parker 1995). This can appear in the form of male traits that aid 

in controlling and coercing a female into mating, and female defensive traits meant to avoid 

male coercive interactions (Arnqvist & Rowe 2002; Clutton-Brock & Parker 1995). Despite the 

historically mutualistic and cooperative view of reproduction, sexual conflict and sexual coercion 

are relatively prevalent and occur in a wide variety of species (Arnqvist & Rowe 2005; Chapman 

et al. 2003; Rice 2000; Parker 1979).  
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According to the Web of Science database, prior to 1990, fewer than 5 publications each 

year mentioned the term “sexual conflict” (Supplemental Fig. S1). Despite 2,580 publications 

since 1968 that mention or otherwise utilize this term, interest in sexual conflict did not increase 

until the 1990s (Parker 2006; Pizzari & Snook, 2003). This lack of attention means that many 

important aspects of conflict, such as the effects of different environmental pressures, are poorly 

understood (Plesnar-Bielak & Lukasiewicz 2021; García-Roa et al. 2020; De Lisle et al. 2018; 

Parker 2006; Pizzari & Snook 2003). Previous work in Opiliones, also known as harvesters or 

“daddy-longlegs”, has indicated a possible role of breeding season in the evolution of conflict 

(Burns et al. 2012). Features and traits specifically associated with coercive mating and 

interlocus sexual conflict (Burns & Shultz 2015), are restricted to temperate species of 

harvesters, while tropical species are almost exclusively cooperative (Burns et al. 2012). The 

absence of coercive mating in tropical regions and its restriction to temperate regions supports 

the idea that a shorter breeding season contributes to conflict. Similarly, it has been proposed 

that cyclical environmental changes may allow sexually antagonistic selection on loci to persist 

(Connallon & Hall 2016). Observations of the multiple, phylogenetically independent, and 

geographically organized transitions to coercive mating in temperate species of harvesters, 

combined with Connallon & Hall’s proposal, drives the hypothesis that length of the breeding 

season plays a significant role in the evolution of sexual conflict in mating systems (Burns et al. 

2012). It is hypothesized that shorter breeding seasons constrain the time available to find and 

court a receptive mate and reproduce. This leads males to evolve coercive mating strategies. 

To date, relatively few studies have evaluated any connections between conflict and climate, 

specifically the effects of differences in the length of the breeding season (García-Roa et al. 

2020). 
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Sexual conflict driven by evolution in phenology 

Certain abiotic factors have important repercussions for the lifespan and activity of terrestrial 

animals. Colder temperatures limit their dispersal and constrain their activity (Machado et al. 

2016; Chown & Nicholson 2004). In these organisms, metabolism decreases as they near the 

lower limit of their temperature tolerance range (Block et al. 1990). This becomes important 

when considering seasonality which, in more northern latitudes, can determine the life cycle, 

specifically the breeding season (Machado et al. 2016; Zerbe et al. 2012). Temperate and more 

northerly locations which encounter high seasonality are likely to experience a shorter effective 

breeding season (Machado et al. 2016; Buzzato et al. 2013; Zerbe et al. 2012). Conversely, 

animals in southern latitudes and habitats with less seasonality are likely to experience a longer 

breeding season. In Opiliones, for example, previous studies which investigated a number of 

genera and species have identified certain factors that control the breeding season. The length 

of the breeding season is determined by an interaction between the number of months with 

appropriate levels of precipitation (humidity) and temperatures above the lower tolerable limit in 

Opiliones (Machado et al. 2016; Buzzato et al. 2013; Buzzato & Machado 2008). The length of 

the breeding season itself has been shown to positively correlate with the frequency of resource 

defense polygyny - a mating system in which males defend territories or resources in an attempt 

to control or secure mating (Machado et al. 2016; Buzzato & Machado 2008). Species of 

harvesters in colder areas which experience shorter breeding seasons are more likely to exhibit 

scramble competition polygyny in which males do not defend females or resources (Machado et 

al. 2016).  

While the breeding season has been shown to have a significant effect on the mating 

system, no studies have yet definitively connected breeding season to sexual conflict (Perry & 

Rowe 2018). However, sexual selection has been broadly connected to different aspects of 

climate and seasonality (García-Roa et al. 2020). Sexual dimorphism, a potential morphological 

indicator of sexual selection, has been linked to the type of mating system in harvesters 
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(Machado et al. 2016). Harvester species with a resource defense polygyny mating system 

exhibited a stronger degree of sexual dimorphism, specifically those structures involved in male-

male antagonistic interactions (Machado et al. 2016). The link between mating system and 

sexual dimorphism, combined with the correlation between mating system and breeding season 

length, suggests a possible connection between sexual selection and the length of the breeding 

season (Machado et al. 2016; Buzzato & Machado 2008). In previous work in Nephila plumipes, 

the strength and direction of selection was noted to fluctuate throughout a breeding season, 

highlighting the impact of seasonality on selection (Kasumovic et al. 2008).  

The few studies that have investigated the specific effects of seasonality on sexual 

selection concluded that male-biased sexual size dimorphism was correlated with the 

seasonality of reproduction (Heldstab 2021; Zerbe et al. 2012). Species with a stronger 

seasonal component to reproductive cycles had a greater degree of male-biased sexual size 

dimorphism (Heldstab 2021; Zerbe et al. 2012). The proposed explanation for this trend aligns 

with our hypothesis, in that female monopolization, and male-male interactions, are more likely 

to evolve in species with a shorter breeding season (Heldstab 2021). Female monopolization 

occurs in polygamous mating systems when females or resources are aggregated in such a 

way that defending or monopolizing them is possible (Emlen & Oring 1977). Additionally, the 

degree of breeding synchrony, and number of reproductive events may play a significant role in 

sexual dimorphism (Emlen & Oring 1977). It appears that a reduced mating season may 

constrain multiple animal mating systems in a similar way.   

We chose to evaluate the contribution of seasonality to the strength of sexual conflict by 

performing a systematic review of existing reproductive research studies. A recent investigation 

of biodiversity publications served as inspiration for this project and the choice in methods 

(Titley et al. 2017).  In order to investigate any biases in biodiversity studies between temperate 

and tropical regions, Titley et al. 2017 performed a meta-analysis and identified both the region 

that the study occurred in as well as the taxa studied. Taking that paper as inspiration we chose 
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to investigate studies of sexual conflict between temperate and tropical regions. While the types 

of data used to establish conflict vary widely, making a true meta-analysis difficult, our aim was 

to provide a synthesis of the current state of sexual conflict publications and evaluate our 

hypothesis: If the length of the breeding season plays a significant role in the evolution of sexual 

conflict, then we expect sexual conflict to be more common in regions which experience high 

seasonality and a shorter breeding season. This would include regions experiencing a 

temperate climate, and we would expect that species experiencing sexual conflict in temperate 

regions should be more affected than those occurring in tropical regions.  

 

Biases in temperate publications 

In order to properly evaluate any differences in the effects of conflict between biomes, it is 

important to first evaluate any publication biases that may be present (Côté & Jennions 2013). 

Publication bias in ecology has received increasing research interest. An earlier ecological 

meta-analysis (Titley et al. 2017) suggests there is a current research bias towards vertebrate 

species and temperate countries in animal biodiversity papers compared to the described 

proportion in taxonomic groups in animals and their geographic distribution (Mora et al. 2011). 

The reasoning behind this temperate bias could be attributed to the economic or political state 

of the countries in which these studies were performed. The number of papers on biodiversity in 

a country shared a positive relationship with its nominal Gross Domestic Product (Titley et al. 

2017), suggesting that the wealth of a nation heavily influences where research is done. 

Temperate regions may be more accessible to researchers in the Global North, and these 

regions are likely more familiar (Zuk 2016). In contrast, tropical countries often had few to no 

lead authors and averaged lower GDPs than temperate countries (Titley et al. 2017). These 

temperate biases, if present in studies of reproduction, could produce results that spuriously 

identify correlations between conflict and temperate biomes. In order to ensure that our results 

are meaningful, any bias towards temperate biomes must be accounted for in our results.  
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In this paper, we detail the process and results of a systematic review of reproductive 

biology literature spanning over a half century of research in temperate and tropical animal 

systems. We use the results of this review to sub search papers that indicate sexual conflict to 

be a significant mechanism in the evolution, reproductive behavior, and/or mating systems of 

study species. We similarly evaluate the general effect of lifespan and/or motility on the author-

defined strength of conflict by categorically rating the lifespan and motility of each study species 

and then comparing the importance of conflict across those categories, as these variables may 

be important in the evolution of sexual conflict (Connallon 2015; Adler & Bonduriansky 2014; 

Bonduriansky 2014). While we quickly identified that the publication bias towards temperate 

studies swamped out any evidence of a correlation between temperate biomes and great 

incidence of sexual conflict, we did discover the distribution of taxa affected by sexual conflict 

mirrors the distribution of terrestrial animals. We complete the paper by discussing potential 

experimental methods to examine the origins of sexual conflict within species or populations. 

 

Methods 

Publication search 

To evaluate any bias between temperate and tropical publications, we performed a systematic 

review (Fig. 1). The databases Web of Science, Academic Search Ultimate, and Agricultural 

and Environmental Science Collection were utilized to identify academic publications. These 

databases were selected because they allowed the use of a single search string, and they 

contained the highest numbers of applicable publications. Identifying suitable publications 

required the creation of a specific search string which targeted studies that focused on 

reproductive and mating behavior in natural or wild populations. This search string eliminated 

unwanted topics and organisms, such as papers that dealt with maternal behavior. Maternal 

behavior publications were categorically eliminated because of the high proportion of papers 

that focused on humans. While parental investment is a source of sexual conflict, our focus is 
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on mating system evolution, and precopulatory traits may prove to be more significant to the 

evolution of mating systems (Wensing et al. 2017). Furthermore, many aspects of maternal 

behavior are a product of, but not definitely related to, the act of mating. The search string was 

created through an iterative process, during which we identified key words and phrases from 

“model” publications across the three databases. Our search string was deemed “complete” 

once further revisions did not result in any appreciable decrease in the number of results across 

all databases.   

The completed search string (“reproduct* behavior” and “mat*” and “population*” not 

“maternal”) was then used in each of our databases. Only experimental and observational 

academic studies published between 1966 and 15 January 2021 were considered. The year 

1966 was used because it was the year that the term “sexual conflict” was first published in an 

evolutionary context (Fig. S1; Williams 1966). This date was selected to ensure that our sample 

papers were all from a time period when sexual conflict publications were also possible. The 

end date of 15 January 2021 represents the date at which the paper search was completed, and 

the sample papers were collected. This serves as the last possible publication date included 

within our study, although we cite more recent papers in this publication. Papers from our 

search of the three selected databases were transferred to the citation management software 

Endnote Online (Clarivate) for the primary and secondary reviews.  

 

Publication review 

The papers that were analyzed were evaluated on five criteria. (1) Is the paper an originally 

published observational or experimental study? If the paper was not observational or 

experimental (i.e., a review document), it was eliminated from the set. (2) Is the paper 

reproduction focused? This included, but was not limited to, papers discussing sexual conflict, 

breeding behavior, mating calls and signals, sexual selection, and reproductive morphology. If 

these topics were not discussed, papers were removed from analysis. (3) Does this study focus 
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on or use wild organisms? If the organisms of study were human or entirely farm or laboratory-

raised for greater than 3 generations, the paper was removed from analysis. (4) Was the study 

performed in a biome of interest? Due to the complexities of assessing seasonality for arctic, 

desert, and marine biomes, we removed papers that focused on organisms endemic to these 

regions.  

Lastly, (5) does the study take place in a temperate or tropical biome (as assessed using 

Google Earth and a biome map from figure 49.11 in Freeman et al. 2017). Papers that qualified 

as “Temperate” featured research in temperate forests, temperate grasslands, Mediterranean 

forests, temperate coniferous forests, or montane grasslands. Papers characterized as 

“Tropical” included systems located in tropical wet forests, tropical dry forests, tropical 

coniferous forests, or tropical grasslands. Using geographic data from each paper, we sorted 

publications into temperate and tropical subsets. Studies that focused partially in either biome of 

interest were retained for analysis if the other qualifying criteria were also met. In addition, 

studies focusing on qualifying migratory organisms were retained based on where their 

reproduction occurred. All papers were double screened by separate reviewers to decrease bias 

towards our initial evaluation decisions. Each paper from the “Temperate” and “Tropical” sets 

was sorted into a spreadsheet (see Table S1) based on their biome, to check and confirm their 

suitability and record their study locations, lead author institution or affiliation, and lead author 

location. Papers that raised questions about their suitability were evaluated by another reviewer, 

as well as papers with outdated country information. 

 To identify studies implicating sexual conflict as a mechanism of importance to 

reproductive evolution, behavior, and/or mating system of the study species, we used the 

Endnote online search option to find the term “sexual+conflict” in titles of abstracts from the 

reviewed temperate and tropical reproductive biology papers we had previously screened. For 

the purposes of this analyses, we took a broad view of sexual conflict and did not differentiate 

between      intra- and interlocus conflict; however, we recognize that our search string and 
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review criteria may exclude papers focused on intralocus conflict. Papers that lacked 

accessibility at our institution but included “sexual+conflict” in the title or abstract (N=2) were 

requested through interlibrary loan and reviewed by RB. A total of 61 sexual conflict papers 

were identified. Twelve of these papers were studies of the same animal system, and four 

papers provided results on multiple species. In total we reviewed research on 61 total animal 

systems, which we also called “sexual conflict species”. 

To define the effect of sexual conflict on each animal system, we used the following 

criteria to develop a qualitative metric of sexual conflict. We ranked the importance of sexual 

conflict to the evolution or mating system of the species based on the authors’ findings. If sexual 

conflict was deemed to be the most important mechanism responsible, the system was given a 

rank of “2.” If sexual conflict was deemed to be present but other mechanisms of sexual 

selection, were equally or more prominent to the study, a rank of “1” was made. A rank of “0” 

corresponded to studies where sexual conflict was discussed but no determination of its 

importance was given, and a rank of “-1” was given for studies where sexual conflict was not 

found by the researchers (Table S1). The sexual conflict metrics (SCMs) were averaged for 

temperate and tropical species, and for species with multiple studies. Comparisons of sexual 

conflict across taxonomic differences in lifespan and range size were done by roughly 

classifying the lifespans as short or long, and the range sizes as small, medium, and large. As 

an example, arthropod lifespan and range size were deemed to be short and small, 

respectively, while avian range size was considered large.  

 

Statistical analyses 

To evaluate publication biases between temperate and tropical studies, we compared the 

numbers of temperate and tropical papers within our accepted sample to previous studies on 

the number of described species (Mora et al. 2011), and to the number of biodiversity studies 

within these same regions (Titley et al. 2017). This was done using a chi-square test. 
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Subsequent analysis of SCMs used a weighted t-test approach to account for biases between 

temperate and tropical research. After reviewing SCMs, a Shapiro-Wilk test and subsequent 

nonparametric Wilcoxon rank-sum tests were used to assess normality and compare the 

distribution of described study species in sexual conflict publications to the described species 

from Titley et al. (2017).  

 

Results 

Preferred reporting items for systematic review and meta-analysis (PRISMA) 

Our initial search identified 7,640 papers, of which 1,964 papers were deemed appropriate for 

this project and were included in our statistical analyses (Fig. 1). During both the initial and 

secondary review process we rejected a total of 5,676 papers. In order to quantify the relative 

frequency with which papers were rejected for the various reasons above, we recorded the 

reasons and frequency of rejection from 100 of the total number of reviewed papers (Fig. 1). 

This random sample was collected from the 7,640 papers included in our initial results. The 

largest percentage of rejected papers were those that investigated an inapplicable organism 

such as humans or marine organisms (63.4%), and those that were non-experimental studies 

such as reviews or theoretical papers (21.9%) (Fig. 1). A small subset of rejected papers (7.3%) 

were those that did not specifically mention a study site or were otherwise inaccessible. This 

subset of papers was rejected because an accurate description of the exact study or collection 

site was needed to assign a biome to the publication. Many countries contain both temperate 

and tropical regions and it would be difficult to ascertain location from the species studied. 

Following the secondary review, the final accepted 1,964 papers, comprising 1,290 categorized 

as temperate and 674 categorized as tropical (Fig. 1), were used as the sample set in which we 

would evaluate studies of sexual conflict.   
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Publication bias towards temperate reproductive biology papers 

Following the second review of all papers, where we recorded data on the study country and 

first author affiliation, we compared paper counts from temperate and tropical biomes to 

previous studies of described species (Mora et al. 2011) and biodiversity (Titley et al. 2017) in 

the same geographical regions. Using a chi-squared test, we found significantly greater 

(χ2=3001.8, df=4, p<0.0001) proportions of biodiversity and reproductive biological studies were 

performed in temperate systems as compared to the proportion of animal species actually 

occurring in temperate regions (Fig. 2). Using the location details from publications, we found 

that not only do reproductive studies appear to be biased towards temperate regions, but certain 

study (and lead author) locations appear in much higher proportions than others (Figs. 3a; S2).       

 

Sexual conflict publications 

A total of 61 (temperate: 53, tropical: 8) sexual conflict species were identified, and we further 

evaluated these for author and study species location (Fig. 3b), as well as taxonomic group (in 

the style of Titley et al. 2017). To account for temperate publication bias in the analysis of 

sexual conflict papers, we calculated weights by dividing the expected proportion of studies 

given random selection (0.2 temperate, 0.8 tropical) by the proportion of temperate and tropical 

reproductive biology publications we found. These weights (temperate=0.2/0.658; 

tropical=0.8/0.342) adjust the proportions of sexual conflict species found by the bias that 

already exists toward temperate publications and study species. 

 After calculating weights to properly assess any correlation between sexual conflict and 

geography, a weighted t-test revealed no statistically significant difference between adjusted 

SCMs of temperate and tropical species (Fig. 4; t=0.72, df=10.98, p=0.487). This means that 

after accounting for publication bias, we did not see a significantly higher sexual conflict metric 

in temperate biomes with high seasonality. However, when comparing the proportions of sexual 

conflict study taxa to described terrestrial species and species diversity studied from 2011-2015 
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in Titley et al. (2017), we found that the distribution of study species from sexual conflict papers 

(not normally distributed following Shapiro-Wilk test: W=0.59, p<0.0001) did not significantly 

differ from the diversity of described terrestrial species (Fig. 5; Wilcoxon rank-sum: W=52, 

p=0.599). Conversely, Titley et al. (2017) reported significantly different proportions of taxa were 

studied in biodiversity papers as compared to actual described species diversity (Fig. 5; 

Wilcoxon rank-sum: W=24, p<0.05). Subsequent analyses failed to show a significant link 

between standardized metrics of sexual conflict for taxonomic group (Fig. 5; N=8) and average 

range size (small or large; Kruskal-Wallis rank sum, Χ2=3.746, p=0.154) or lifespan (i.e. short, 

medium, or long; Χ2=3.239, p=0.0719). While we took a broad view of sexual conflict, none of 

the papers included in this dataset studied intralocus conflict. This may result from our 

reproductive behavior-focused search string.      

 

Discussion 

Reproductive research is biased towards temperate biomes 

In comparing the frequency of reproductive biology studies within our results to that of animal 

species occurring within temperate and tropical regions, we found that temperate biomes are 

vastly over-studied when compared to tropical regions regarding reproductive research (Figs. 2-

4). Furthermore, there were a larger number of lead authors from temperate localities 

represented within our results; the majority of these authors resided within the United States. 

These results indicate that there is a strong temperate bias within biological research of 

reproduction (Fig. 2, 4). It has been well established that a greater number of species exist 

within the tropics than outside of them (Zuk 2016; Mora et al. 2011; Corlet & Primack 2010). If 

studied according to the number of species, tropical articles should far outnumber temperate 

ones. However, our results corroborate what other studies have shown: a bias towards 

temperate regions exists in many biological research areas (Titley et al. 2017; Zuk 2016). The 
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exact reasons for this trend are unclear, however, a few possible explanations, such as 

differences in GDP (gross domestic product) and a general belief that tropical regions are 

“different”, meaning that findings from such studies are not-applicable to other systems, have 

been suggested (Titley et al. 2017; Machado et al. 2016; Zuk 2016)).  

A general problem with studying these regions comes from the way we delimit these 

areas. Researchers often mistakenly assume “temperate” means anything non-tropical, and 

anything between the Tropics of Cancer and Capricorn is automatically tropical (MaChado et al. 

2016). A wide variety of seasonality and climate patterns exists both within and outside the 

tropics (Machado et al. 2016)Additionally, the amount of precipitation interacts with temperature 

in determining the breeding season of harvesters, indicating that it is possible that the breeding 

season varies within a single region (Buzzato et al. 2013). Assuming that any region outside of 

the areas between the tropics is temperate fails to consider regional abiotic differences. These 

regional differences make it important to sample multiple populations, even when investigations 

are performed within a single biome, as variations in mating system and/or sexual conflict are 

possible (Machado et al. 2016). 

 

Multiple interacting factors may determine the geography of sexual conflict 

Climate patterns and/or seasonality may represent a small part of a larger, interactive network 

of factors which all have repercussions on the strength of sexual conflict. Given the available 

information we found that after accounting for the temperate bias, there was no statistically 

significant difference in sexual conflict metrics between temperate and tropical biomes. Based 

on our results, this indicates that sexual conflict may not be more prevalent in temperate 

regions. However, this may not be the correct interpretation. As our results indicate, the amount 

of reproductive research does not directly correlate with species prevalence. If this were the 

case, temperate regions would have a much higher level of species diversity than tropical ones, 

reflecting the research bias indicated by our results. Moreover, the distribution of sexual conflict 
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taxa more closely mirrors terrestrial species distributions than studies of biodiversity (Fig. 5), 

supporting the conclusion that true species diversity, sexual conflict incidence, and the level of 

research are misaligned (Titley et al. 2017). This leaves the possibility that the amount of sexual 

conflict research in different areas does not reflect the natural occurrence of sexual conflict. 

Future studies, as we describe in D.3., will need to be completed in order to reveal the true role 

of breeding season in the evolution of conflict. 

While we propose that sexual conflict may be stronger in temperate climates due to 

variable seasonality, other studies have proposed opposing explanations. Increased breeding 

season length was shown to correlate positively with sexual selection in pipefish (Monteiro & 

Lyons 2012). Additionally, male harm to females was shown to be temperature dependent in 

Drosophila (García-Roa et al. 2018); specifically, less harm was noted in temperatures higher 

and lower than the species optimum. This result highlights the importance of temperature in 

determining the level of conflict, but temperature mediated effects may vary across taxa 

(García-Roa et al. 2020). Other studies suggest that conflict should be weaker in stressful or 

otherwise less stable environments (Plesnar-Bielak & Lukasiewicz 2021; García-Roa et al. 

2020; De Lisle et al. 2018), but the exact factors that make an environment stressful are likely to 

vary between species. De Lisle and others (2018) additionally found the strength of sexually 

antagonistic selection to have a negative relationship with latitude. Together these results 

suggest that conflict may actually be weaker in temperate regions than in tropical regions and 

that conflict may be more pronounced in more stable environments such as those found in 

tropical climates which lack seasonality (De Lisle et al. 2018; Dynessius & Jansson 2000).  

Another possible explanation for a difference in conflict across climates is the spatial 

distribution of reproductive individuals (Plesnar-Bielak & Skwierzyńska 2020; Machado et al. 

2016). As proposed by Machado et al. (2016), a decreased breeding season may align the 

reproductive interests of males and females. Populations within tropical areas are likely to 

include a mixture of reproductively available and unavailable females due to the extended 
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breeding season (Machado et al. 2016). In contrast to this spatial distribution, populations within 

temperate areas may contain a higher number of receptive females due to the decreased time 

available to mate, producing alignment of male and female reproductive interests that would 

decrease conflict. While this does not explain the global geography of conflict, the spatial 

organization of receptive females may alter selection for coercive tactics, and in Opiliones it is 

an important factor to consider.      

Breeding season may have an appreciable effect on the evolution of sexual conflict, but 

there are other variables which may moderate this effect. Traits such as lifespan and motility 

may mitigate the impact of a shortened breeding season. A shortened breeding season may be 

of increased importance for univoltine species, as they only have a singular reproductive event 

throughout their lifespan (Adler & Bonduriansky 2014). Conversely, multiple mating 

opportunities throughout an organism's lifespan, or a longer lifespan in general, may alter the 

level of sexual conflict within a population (Bonduriansky 2014; Adler & Bonduriansky 2014; 

Monteiro & Lyons 2012; Candolin 1998). An increased lifespan and number of mating 

opportunities may decrease the risk imposed if an organism fails to mate and as Kasumovic et 

al. (2008) point out, variations in selection across a breeding season are likely to be significant 

in species with a shorter lifespan. In addition to the possible effects of lifespan, the ability to 

freely disperse throughout an environment holds the possibility to mediate local environmental 

effects, and as a result, sexual conflict (Connallon 2015; Eldakar et al. 2010). In water striders, 

females disperse away from groups with a high number of coercive males, effectively      

balancing out selection for increased male coercion (Eldakar et al. 2010). The importance of 

local adaptation and dispersal is highlighted by the fact that sexual conflict is expected to vary 

across a species range, being strongest near the center where populations are more locally 

adapted (De Lisle 2018; Connallon & Hall 2016; Connallon 2015). Similarly, sexual conflict is 

expected to be strongest in populations in more heterogeneous, smaller, and/or more complex 

environments. (Plesnar-Bielak & Lukasiewicz 2021; De Lisle et al. 2018; García-Roa et al. 2018; 
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Yun et al. 2018; Yun et al. 2017; Connallon 2015). In light of this evidence, it is possible that 

motility, lifespan, and the number of reproductive events may mediate the level of sexual conflict 

imposed by a shortened breeding season.  

In sum, breeding season length, local adaptation, precipitation, temperature, species 

range size, voltinity, motility, environmental stress, are all likely contributors to conflict (García-

Roa et al. 2020; De Lisle et al. 2018; García-Roa et al. 2018; Connallon & Hall 2016; Connallon 

2015). Due to the interactive nature of the multiple abiotic factors, disentangling their effects 

could prove difficult when evaluating the initial conditions promoting conflict.  

 

Future empirical investigations are needed and should account for interpopulation variation 

This study investigates the connection between sexual conflict and biome by evaluating the 

level of published conflict research within each biome. We did not detect any significant 

difference in sexual conflict metrics, however, this review highlights a few important 

considerations for future research. As indicated by our review of reproductive studies, more 

attention needs to focus on tropical regions. Our small sample size of tropical conflict studies 

reflects the lack of scientific attention within these regions. In addition to increased focus on 

understudied regions, future investigations should sample multiple populations across the 

geographic range a species exists in. Local adaptation may prove to be an important 

consideration for sexual conflict investigations and sampling of single populations fails to 

account for any possible variation between populations. Studies investigating continuous 

populations spanning across regions with varied seasonality and climates would be ideal but 

may prove difficult. Importantly, future investigations which directly tests the connection between 

breeding season and conflict should be completed. What follows are multiple suggested 

methods for evaluating the specific drivers behind the evolution of conflict in Opiliones (or other 

systems).  
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Phylogenetic comparative methods 

While previous studies have investigated the mating systems of different harvester species 

within eastern North America, there are still more species for which phylogenetic and 

morphological comparative analyses have yet to be completed (Burns et al. 2013; Burns et al. 

2012). North American leiobunine species were identified to be monophyletic, with female 

choice-based mating to be the ancestral system (Burns et al. 2013; Burns et al. 2012). Certain 

tropical Opiliones species within Central America remain unevaluated. Investigating the mating 

systems of these species, specifically the presence or absence of previously described coercive 

and cooperative suite of traits, in addition to phylogenetic comparative analyses, may further 

support the geography of sexual conflict in Opiliones. This will further reveal the role of breeding 

season length in the evolution of conflict by sampling a continuum of species distributed along a 

latitudinal transect. If breeding season is a significant factor, then tropical species should exhibit 

the previously identified “cooperative” suite of traits.  

 

Behavioral population crosses 

One method for testing the benefits of coercive traits and strategies under a shortened breeding 

season is to perform transplantation experiments. In this type of study, individuals of a species 

ranging across temperate and tropical regions would be transplanted to a region to which they 

are not locally adapted. Under this design, cooperative individuals from a region with low 

seasonality would be transplanted into a region with high seasonality, and coercive individuals 

from high seasonality regions would be transplanted to low seasonality regions. Focal 

populations would be contained in outdoor enclosures which allow exposure to all the abiotic 

conditions within a specific region while preventing individuals from dispersing. The fitness of 

these transplants (i.e., numbers of offspring, reproductive attempts, and successful 

reproductions) would be quantified for each region. These results would be compared to the 

average fitness within their home population. If coercive mating evolved as a response to a 
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shortened breeding season, cooperative individuals (particularly males; Yun et al. 2018) 

transplanted from low seasonality regions into a high seasonality region should suffer reduced 

fitness. The expected explanation for this result is that they lack the coercive traits which are 

found in locally adapted populations. This leaves transplants suffering from a limited time to 

secure mating. Similarly, coercive populations transplanted from regions with a short breeding 

season into a region with a longer breeding season are expected to see no statistically 

significant change in their fecundity, though an increase may be possible. Coercive males may 

particularly see an increase in fitness due to the presence of coercive traits which ensure 

mating. The results of this experiment would support the hypothesis that coercive strategies are 

a local adaptation to a shortened breeding season.  

 

Experimental evolution 

A final method of evaluating breeding season length and its effects on sexual conflict is through 

experimentally-induced evolution trials. Previous studies have performed such trials involving 

sexual conflict in Drosophila (Hollis et al. 2019). Male Drosophila melanogaster have seminal 

fluid proteins (SFP) which affect female mating behavior and impose a fitness cost to females 

(Hollis et al. 2019). Changes in these SFP, and male-female mating effects, were noted to occur 

when monogamy was enforced over 150 generations (Hollis et al. 2019). We propose a test of 

the effects of the breeding season by inducing a “short” breeding season in experimental 

populations and examining the changes in SFP, female mating behavior, and overall female 

survival (post-mating). While other studies in Drosophila have indicated that temperature 

changes decrease conflict, none have evaluated “breeding season” (García-Roa et al. 2018). 

We suggest manipulating the length of time that males have access to females each generation. 

This would represent the constraint of a shortened breeding season within temperate regions 

but would isolate any abiotic factors such as temperature (García-Roa et al. 2018). Results of 

this experiment may provide support for the explanation that seasonality limits the time available 
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to secure mates, which imposes a selective pressure upon males. This mechanism possibly 

drives the evolution of conflict in temperate species over tropical species.  

Each of the previously mentioned methods alone, may be insufficient to conclude that 

seasonality is a significant driver in the evolution of conflict and coercive mating. Instead, each 

method represents one part of an overarching objective to better understand the environmental 

conditions which contribute to sexual conflict. While interest in sexual conflict and sexually 

antagonistic selection may have increased since 1966 (Fig. S1), many questions remain 

unanswered. These experiments aim to grant a clearer understanding of the evolution of sexual 

conflict.  

 

Conclusions 

The abiotic drivers in the evolution of sexual conflict are a network of interacting, and often 

opposing, factors. These factors are likely to drive local, population level, differences in mating 

system evolution and variation. Current research stands to benefit from increased attention to 

“tropical” regions as well as a purging of long held biases against tropical biology (Zuk 2016). 

However, discrete classification of biome into “temperate” and “tropical” is likely to be ineffective 

for future investigations (Machado et al. 2016). These broad classifications retain a prominent 

level of variation in climate patterns and abiotic environmental factors, possibly making 

investigations difficult (Machado et al. 2016). This is an area for improvement in current 

research which often utilizes or investigates single populations and fails to account for, possibly 

significant, population level variation (Fowler-Finn et al. 2019; Olivero et al. 2017; Machado et 

al. 2016). Interpopulation trait variation could mean that investigation of a singular population is 

not sufficient to draw conclusions about an entire species and should be considered when 

studying the abiotic drivers of mating system evolution. Finally, the length of the breeding 

season may have an appreciable effect on mating system evolution (Heldstab 2021; Machado 

et al. 2016; Burns et al. 2012), but future investigations will need to decouple the breeding 
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season from other abiotic factors in order to draw accurate conclusions (García-Roa et al. 2020; 

De Lisle et al. 2018; García-Roa et al. 2018; Connallon & Hall 2016; Connallon 2015).  
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Figure Legends 

Figure 1. PRISMA diagram displaying the reasons for paper rejection along with percentages 

based on a 100 paper sample set. In total, 5,676 papers were excluded from our study resulting 

in a final sample size of 1,964 papers.  

Figure 2. Plot visualizing publication bias towards temperate research in reproductive biology. 

Bar 1 indicates the distribution of described terrestrial animals from Mora et al. (2011), bar 2 

indicates the distribution of studies of biodiversity (Titley et al. 2017), and bar 3 shows our 

results for temperate and tropical studies of reproductive biology. Here “a” indicates p<0.05, 

while “b” indicates no statistically significant difference in frequency.  

Figure 3. Global distributions of (a) all retained reproductive biology papers and (b) all systems 

referencing sexual conflict.  

Figure 4. Bar plots of sexual conflict-containing study systems before (a) and after (b) weighting 

the proportions of species due to temperate publication bias. 

Figure 5. Bar plot of (1) described terrestrial species proportions, (2) species proportions from 

2011-2015 biodiversity publications (Titley et al. 2017), (3) species proportions from sexual 

conflict systems in this study, and (4) standardized sexual conflict metric averages by taxonomic 

group. Using a Wilcoxon rank-sum test for data from (1)-(3), we find only bars 1 and 2 are 

significantly different (“b” indicates p<0.05, while “a” indicates no statistically significant 

difference). 
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2 Geography of sexual conflict 
 

 
 
Figure S1. Scatter plot displaying the number of publications each year that mention the term 
“sexual conflict”. This data was sourced from the database “Web of Science”. 
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3 Geography of sexual conflict 
 

 
 
Figure S2. Plot quantifying the number of papers categorized as a temperate or a tropical study 
within our total sample pile each year. The blue solid curve corresponds to temperate studies, 
while the tan hashed curve represents tropical studies. 
 
 
Table S1. Data table of systematic review papers and sexual conflict reporting by publication. 
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Author Study Location Lead Author Institution Lead Author Location Conflict Year Title Journal Species Notes

Johnson Costa Rica University of Iowa USA no 1982 Sexual Selection in a Brentid Weevil Evolution

Olson and McDowell Suriname/Trinidad Corvallis USA no 1983 A comparison of white-bearded manakin (Manacus manacus ) populations and lek systems in Suriname and Trinidad Auk

Lanza Mexico University of Connecticut USA no 1983 Population control of an all-female fish, Poeciliopsis monacha-latidens Biotropica

Moulton and Weller Laysan, Hawaii university of minnesota USA no 1984 Biology and conservation of the Laysan duck (Anas laysanensis ) Condor

Kiltie and Fitzpatrick Peru University of Florida USA no 1984 Reproduction and social organization of the black-capped donacobius (Donacobius atricapillus ) in southeastern Peru Auk

Frank USA - Florida (everglades) University of Florida USA No 1985 Are mating and mate competition by the fig wasp Pegoscapus assuetus (Agaonidae) random within a fig Biotropica

Courtney and Parker Taroudannt, Morocco University of Liverpool UK No 1985 Mating behavior of the tiger blue butterfly (Tarucus theophrastus ): Competitive mate-searching when not all females are captured Behavioral Ecology and Sociobiology

Arita and Kaneshiro Hawaii University of Hawaii USA NO 1985 The dynamics of the lek system and mating success in males of the Mediterranean fruit fly, Ceratitis capitata (Wiedemann) Proceedings of the Hawaiian Entomological Society

Atkinson and Equihua-Martinez Veracruz, Mexico University of Texas, Austin USA No 1986 Biology of bark and ambrosia beetles (Coleoptera: Scolytidae and Platypodidae) of a tropical rain forest in southeastern Mexico with an annotated checklist of species Annals of the Entomological Society of America

Arakaki and Ganaha Okinawa Okinawa prefecture Agricultural Experiment Station Japan NO 1986 Emergence pattern and mating behavior of Apanteles flavipes (Cameron) (Hymenoptera: Braconidae) Applied Entomology and Zoology

Robert and Olson USA - TX (Anahuac) Texas A&M USA - TX No 1986 Temporal abundance and percent insemination of newly-emerged adult female Psorophora columbiae near the larval habitat Journal of the American Mosquito Control Association

Courtney and Shapiro Chile/Argentina University of Oregon USA no 1986 The ecology and behavior of the High-Andean butterfly Hypsochila wagenknechti (Lepidoptera: Pieridae) Studies on Neotropical Fauna & Environment

Van Welzen and Waage Barbados University of Leiden Netherlands no 1987 Adaptive responses to local mate competition by the parasitoid, Telenomus remus Behavioral Ecology and Sociobiology

Shelly Hawaii University of Hawaii USA no 1987 Lek behaviour of a Hawaiian Drosophila : Male spacing, aggression and female visitation Animal Behaviour

Baimai and Green Thailand Mahidol University Bangkok No 1987 Mondandry (monogamy) in natural populations of anopheline mosquitoes Journal of the American Mosquito Control Association

Arita and Kaneshiro Hawaii University of Hawaii USA No 1988 Body size and differential mating success between males of two populations of the Mediterranean fruit fly Pacific Science

Carroll Florida Keys (various) Universirty of California, Davis USA No 1988 Contrasts in reproductive ecology between temperate and tropical populations of Jadera haematoloma, a mate-guarding hemipteran (Rhopalidae) Annals of the Entomological Society of America

Lloyd, et al. Thailand University of Florida USA No 1988 Ecology, flashes, and behavior of congregating Thai fireflies Biotropica

Wada, et al. Kyushu, Japan Kyushu National Agricultural Experiment Station Japan no 1988 Geographical difference in mated status and autumn migration in the rice leaf roller moth, Cnaphalocrocis medinalis Entomologia Experimentalis et Applicata

Bulger and Hamilton Botswana University of California, Davis USA No 1988 Inbreeding and reproductive success in a natural chacma baboon, Papio cynocephalus ursinus , population Animal Behaviour

Tardieux and Rabasse Brazil and Reunion Island, France Station de Zoologie et de Lutte Biologique, Antibes France no 1988 Induction of a thelytokous reproduction in the Aphidius colemani (Hym., Aphidiidae) complex Journal of Applied Entomology

Hamilton and Montgomerie Costa Rica Queens University Canada No 1989 Population demography and sex ratio in a Neotropical damselfly (Odonata: Coenagrionidae) in Costa Rica Journal of Tropical Ecology

Montague Hawaii Barry University USA no 1989 The ecology of Hawaiian flower-breeding Drosophilids. 2. Adult dispersions and reproductive ecology American naturalist

Mangan, et al. Belize USDA–ARS USA No 1990 Estimation of native screwworm (Calliphoridae: Diptera) reproductive activity by release and recapture of sterile females Environmental entomology

Forsyth and Alcock Monteverde, Costa Rica Queens University Canada No 1990 Female mimicry and resource defense polygyny by males of a tropical rove beetle, Leistotrophus versicolor (Coleoptera: Staphylinidae) Behavioral Ecology and Sociobiology

Crump and Townsend Costa Rica Universit of Gainesville USA no 1990 RANDOM MATING BY SIZE IN A NEOTROPICAL TREEFROG, HYLA-PSEUDOPUMA Herpetologica

Aquino, et al. Peru UNMSM Peru No 1990 Supplemental Notes on Population Parameters of Northeastern Peruvian Night Monkeys, Genus Aotus (Cebidae) American Journal of Primatology

Wcislo Costa Rica Cornell University USA no 1992 Attraction and learning in mate-finding by solitary bees, Lasioglossum (Dialictus) figueresi Wcislo and Nomia triangulifera Vachal (Hymenoptera: Halictidae) Behavioral Ecology and Sociobiology
Malik, et al. India and Puerto Rico Suny Buffalo USA No 1992 Control of Postpartum Mating Behavior in Free-Ranging Rhesus Monkeys American Journal of Primatology
Rhine Tanzania University of California - Riverside USA no 1992 Estimating Reproductive Success of Primates and Other Animals With Long and Incompletely Known Reproductive Life Spans American Journal of Primatology Technique based?
Markow and Ricker Tempe, Arizona. USA Arizona State USA No 1992 Male size, developmental stability, and mating success in natural populations of three Drosophila species Heredity
Galatti Brazil - Amazonas Brazil No 1992 POPULATION BIOLOGY OF THE FROG LEPTODACTYLUS-PENTADACTYLUS IN A CENTRAL AMAZONIAN RAIN-FOREST Journal of Herpetology
Zeh, et al. Panama Smithsonian Tropical Research Institute Panama no 1992 Sexual selection and sexual dimorphism in the harlequin beetle Acrocinus longimanus Biotropica
Lorch, et al. Ulu Gombak, malaysia University of Maryland - College park USA No 1993 Copulation duration and sperm precedence in the stalk-eyed fly Cyrtodiopsis whitei (Diptera: Diopsidae) Behavioral Ecology and Sociobiology
Berard, J.D. Puerto Rico University of Puerto Rico Puerto Rico no 1993 Male rank, reproductive behavior, and reproductive success in free-ranging rhesus macaques
Winemiller Costa Rica Texas A&M USA no 1993 Seasonality of reproduction by livebearing fishes in tropical rainforest streams Oecologia
Sorenson Nassau, Bahamas University of Minnesota USA Yes 1994 Forced extra-pair copulation and mate guarding in the white-cheeked pintail: Timing and trade-offs in an asynchronously breeding duck Animal Behaviour
Sherman Peru University of Louisville USA no 1995 Breeding biology of White-winged Trumpeters (Psophia leucoptera) in Peru Auk
Rodd and Sokolowski Trinidad York University Canada no 1995 Complex origins of variation in the sexual behaviour of male Trinidadian guppies, Poecilia Animal Behaviour
Chambers, et al. Malawi University of natal Scottsville, South Africa No 1995 Egg distribution of the fruit borers Cryptophlebia leucotreta (Meyrick) and C. batrochopa (Meyrick) (Lepidoptera: Tortricidae) and their egg parasitoid Trichogrammatoidea cryptophlebiae Nagaraja (Hymenoptera: Trichogrammatidae) in macadamia trees in Malawi African Entomology
Brooks and Caithness Beachwood, Durban, South Africa University of the Witwatersend Johannnesburg, South Africa No 1995 Female choice in a feral guppy population: Are there multiple cues? Animal Behaviour
Brooks and Caithness Beachwood, Durban, South Africa University of the Witwatersend Johannnesburg, South Africa No 1995 Female guppies use orange as a mate choice cue: a manipulative test South African Journal of Zoology
Endler and Houde Trinidad University of california, Santa Barbara USA No 1995 Geographic variation in female preferences for male traits in Poecilia reticulata Evolution
Adolph and Geber Heredia, Costa Rica University of Washington Seattle, Washington No 1995 Mate-guarding, mating success and body size in the tropical millipede Nyssodesmus python (Peters) (Polydesmida: Platyrhacidae) Southwestern Naturalist
Forsman and Shine New South Wales University of Sydney Australia No 1995 Parallel geographic variation in body shape and reproductive life history within the Australian scincid lizard Lampropholis delicata Functional Ecology
Godin Trinidad Mount Allison University Canada no 1995 Predation risk and alternative mating tactics in male Trinidadian guppies (Poecilia reticulata) Oecologia
Braby Queensland, Australia James Cook University of North Queensland Australia no 1995 Reproductive seasonality in tropical satyrine butterflies: Strategies for the dry season Ecological Entomology
Wisenden Costa Rica University of Saskatchewan Canada no 1995 REPRODUCTIVE-BEHAVIOR OF FREE-RANGING CONVICT CICHLIDS, CICHLASOMA-NIGROFASCIATUM Environmental Biology of Fishes
Sherman Peru University of California - Davis USA no 1995 Social organization of cooperatively polyandrous White-winged Trumpeters (Psophia leucoptera) Auk
Chadee and Beier Valencia, Trinidad Ministry of Health Trinidad No 1996 Diel oviposition and fecundity of Anopheles oswaldoi in Trinidad, West Indies Journal of the American Mosquito Control Association
Godin and Briggs Quare river, Trinidad Mount Allison University Canada No 1996 Female mate choice under predation risk in the guppy Animal Behaviour
Briggs, et al. Quare river, Trinidad Mount Allison University Canada No 1996 Mate-choice copying under predation risk in the Trinidadian guppy (Poecilia reticulata) Behavioral Ecology
Backwell and Passmore Durban University of Natal Durban No 1996 Time constraints and multiple choice criteria in the sampling behaviour and mate choice of the fiddler crab, Uca annulipes Behavioral Ecology and Sociobiology Fiddler Crab
Monti, et al. French guiana France no 1997 A genetic analysis of some components of reproductive isolation between two closely related species, Spodoptera latifascia (Walker) and S. descoinsi (Lalanne-Cassou and Silvain) (Lepidoptera: Noctuidae) Journal of Evolutionary Biology
Rozsa Sri Lanka University of veterinary science Hungary no 1997 Adaptive sex-ratio manipulation in Pediculus humanus capitis: Possible interpretations of Buxton's data Journal of Parasitology
Emlen Panama Princeton University USA no 1997 Alternative reproductive tactics and male-dimorphism in the horned beetle Onthophagus acuminatus (Coleoptera: Scarabaeidae) Behavioral Ecology and Sociobiology
Sterick Indonesia Utrecht University Netherlands no 1997 Determinants of female dispersal in Thomas langurs American Journal of Primatology
McDonough USA - Texas University of California - Davis USA No 1997 Pairing behavior of the nine-banded armadillo (Dasypus novemcinctus) The American Midland Naturalist
Kelly and Dye Marajo Island, Brazil London School of Hygiene and Tropical Medicine UK No 1997 Pheromones, kairomones and the aggregation dynamics of the sandfly Lutzomyia longipalpis Animal Behaviour
Zeh, et al. French guiana University of Houston USA no 1997 Polyandrous, sperm-storing females: carriers of male genotypes through episodes of adverse selection Proceedings of the Royal Society of London, Series B: Biological Sciences
Zeh Panama University of Houston USA no 1997 Polyandry and enhanced reproductive success in the harlequin-beetle-riding pseudoscorpion Behavioral Ecology and Sociobiology
Rosenqvist and Houde Trinidad University of California- Santa Barbara USA no 1997 Prior exposure to male phenotypes influences mate choice in the guppy, Poecilia reticulata Behavioral Ecology
Gerhardt, et al. Guatemala Peregrine fund USA no 1997 Siblicide in swallow-tailed kites: a Journal of Ornithology The Wilson Bulletin
Rivera-Rodriguez and Rodriguez-Estrella Mexico Centro de Investigaciones Biol6gicas del Noroeste Mexico No 1998 Breeding biology of the crested caracara in the cape region of Baja California, Mexico Journal of Field Ornithology Baja mexico
Rachlow, et al. Matobo NP, Zimbabwe University of Nevada USA no 1998 Correlates of male mating strategies in white rhinos (Ceratotherium simum) Journal of Mammalogy
Keesing Kenya Bard College USA NO 1998 Ecology and behavior of pouched mouse, Saccostomus mearnsi, in central Kenya Journal of Mammalogy
Fernandez and Reboreda General Lavalle,Argentina Instituto de Biologfa yMedicina Experiment Argentina No 1998 Effects of clutch size and timing of breeding on reproductive success of Greater Rheas The Auk
Gonzalez, et al. Tikal NP, Guatemala Wildlife Conservation Society USA No 1998 Habitat use and reproductive ecology of the Ocellated Turkey in Tikal National Park, Guatemala: a Journal of Ornithology The Wilson Bulletin
Fjerdingstad and Boomsma Gamboa, Panama University of Aarhus Denmark No 1998 Multiple mating increases the sperm stores of Atta colombica leafcutter ant queens Behavioral Ecology and Sociobiology
Griffiths and Magurran Trinidad University of St. Andrews Scotland no 1998 Sex and schooling behaviour in the Trinidadian guppy Animal Behaviour
Brooks and Caithness Beachwood, Durban, South Africa University of the Witwatersend Johannnesburg, South Africa No 1999 Intersexual and intrasexual selection, sneak copulation and male ornamentation in guppies (Poecilia South African Journal of Zoology
Srygley and Penz Panama University of Oxford UK no 1999 Lekking in Neotropical Owl Butterflies, Caligo illioneus and C. oileus (Lepidoptera: Brassolinae) Journal of Insect Behavior
Brooks Townsville, Australia James Cook University of North Queensland Australia No 1999 MATE CHOICE COPYING IN GUPPIES: FEMALES AVOID THE PLACE WHERE THEY SAW COURTSHIP Behaviour
Pröhl and Hödl Costa Rica University of veterenary medicine Germany no 1999 Parental investment, potential reproductive rates, and mating system in the strawberry dart-poison frog, Dendrobates pumilio Behavioral Ecology and Sociobiology
Brockman Madagascar University of North Carolina USA no 1999 Reproductive behavior of female Propithecus verreauxi at Beza Mahafaly, Madagascar International Journal of Primatology
Cotterill and Fergusson Zimbabwe Natural History Museum Zimbabwe no 1999 Reproductive ecology of Commerson's leaf-nosed bats Hipposideros commersoni (Chiroptera: Hipposider South African Journal of Zoology
Fellowes, et al. Australia, Malaysia, South Africa, Pap   Imperial College at Silwood Park UK no 1999 Sex allocation and local mate competition in Old World non-pollinating fig wasps Behavioral Ecology and Sociobiology
Digby Brazil University of California - Davis USA no 1999 Sexual behavior and extragroup copulations in a wild population of common marmosets (Callithrix jacchus) Folia Primatologica
Harari, et al. Orange County, Florida USDA-ARS USA no 1999 Size-assortative mating, male choice and female choice in the curculionid beetle Diaprepes abbreviatus Animal Behaviour
Medeiros, et al. Brazil Center for International Forestry Research Indonesia no 1999 Termite swarming in the northeastern Atlantic rain forest of Brazil Studies on Neotropical Fauna & Environment
Birks Queensland, Australia Cornell University USA no 1999 Unusual timing of copulations in the Australian Brush-turkey The Auk
Schulze, et al. Guatemala Penn State University USA no 2000 Behavior, diet, and breeding biology of double-toothed kites at a Guatemalan lowland site Condor
Bordignon and Monteiro-Filho Curitaba, Brazil Universidade Federal de Mato Grosso do Sul Brazil No 2000 Behaviour and daily activity of the squirrel Sciurus ingrami in a secondary araucaria forest in southern Brazil Canadian Journal of Zoology
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Year Number of Papers Year Temperate-PaperTropical-Papers Total-Papers WOS Data Mentions of "sexual Conflict" on WO     
1992 1 1979 1 0 1 Publication YearsRecord Count % of 2,580
1994 1 1980 1 0 1 1968 1 0.039
1996 1 1981 1 0 1 1969 1 0.039
1999 1 1982 1 1 2 1971 1 0.039
2001 1 1983 3 2 5 1975 1 0.039
2002 2 1984 5 2 7 1976 1 0.039
2004 1 1985 6 3 9 1980 2 0.078
2005 3 1986 6 4 10 1982 1 0.039
2006 1 1987 9 3 12 1983 1 0.039
2007 3 1988 13 6 19 1984 5 0.194
2008 6 1989 7 2 9 1988 1 0.039
2009 4 1990 11 4 15 1989 2 0.078
2010 3 1991 4 0 4 1990 2 0.078
2011 4 1992 9 6 15 1991 5 0.194
2012 4 1993 12 3 15 1992 4 0.155
2013 3 1994 13 1 14 1993 3 0.116
2014 3 1995 20 12 32 1994 8 0.31
2015 7 1996 16 4 20 1995 12 0.465
2016 1 1997 10 10 20 1996 12 0.465
2017 6 1998 23 7 30 1997 10 0.388
2018 2 1999 31 11 42 1998 25 0.969
2019 1 2000 39 10 49 1999 20 0.775
2020 1 2001 29 15 44 2000 32 1.24

2002 29 14 43 2001 33 1.279
2003 38 17 55 2002 50 1.938
2004 64 23 87 2003 61 2.364
2005 59 16 75 2004 74 2.868
2006 55 27 82 2005 102 3.953
2007 46 31 77 2006 94 3.643
2008 70 49 119 2007 117 4.535
2009 72 40 112 2008 120 4.651
2010 71 26 97 2009 151 5.853
2011 79 38 117 2010 128 4.961
2012 77 36 113 2011 128 4.961
2013 68 43 111 2012 132 5.116
2014 53 27 80 2013 133 5.155
2015 57 40 97 2014 175 6.783
2016 43 27 70 2015 147 5.698
2017 50 35 85 2016 132 5.116
2018 31 39 70 2017 141 5.465
2019 27 19 46 2018 144 5.581
2020 29 20 49 2019 175 6.783
2021 2 1 3 2020 119 4.612

2021 74 2.868

This is the author's accepted manuscript without copyediting, formatting, or final corrections. It will be published in its final form in an upcoming issue of 
The American Naturalist, published by The University of Chicago Press. Include the DOI when citing or quoting: 

https://doi.org/10.1086/722797. Copyright 2022 The University of Chicago.



     OS each year since 1966

This is the author's accepted manuscript without copyediting, formatting, or final corrections. It will be published in its final form in an upcoming issue of 
The American Naturalist, published by The University of Chicago Press. Include the DOI when citing or quoting: 

https://doi.org/10.1086/722797. Copyright 2022 The University of Chicago.



Author Study Location Lead Author AffiliaLead A  Conflict Year Title Journal Species Group Biome Type Evidence of sexual conflict Strength of evidence (High, Low,  Species averageTemperate Spec        Tropical species effect (average for duplicates, per species studied)
Maher, et al. Australia, Portu          Universities of She   UK Yes 2017 High fide                  Journal of avian biology 8 Charadrius spp. Bird Temperate Behavioral: Extra pair young freq    Absent -1 -1 2
Reinhardt, et al. Kenya University of Sheff UK Yes 2007 Female-L           American Naturalist Afrocimex constricInsect Tropical Morphological: variation in Fema      High 2 -1 1
Sorenson Bahamas (Nass University of MinnUSA Yes 1994 Forced e                 Animal Behaviour Anas bahamensis Bird Tropical Behavioral: Forced extra pair cop  Low 1 -1 1
Montiglio, et al. USA UC Davis/McGill UnUSA/CaYes 2017 Correlati                 Journal of Animal EcologAquarius remigis Insect Temperate Morphological: foreleg shape and      High 2 -1 1
Lauer, et al. USA University of KentuUSA Yes 1996 Male den          Animal Behaviour Aquarius remigis Insect Temperate Behavioral: Female mating resist     High 2 2 -1 1
Cory and Schneider France/GermanUniversität HambuGermaYes 2018 Effects o                 Ecology & Evolution (20 Argiope bruennichArachnid Temperate Behavioral: male mating frequencNeutral 0 -1 1
Beese, et al. Switzerland University of BaseSwitze Yes 2006 Coevolut             Journal of Evolutionary Arianta arbustorumMollusk Temperate Morphological: sperm quality, tra   Low 1 1.5 -1 -1
Kupfernagel, et al. Switzerland University of BaselSwitze Yes 2010 Variation                Biological Journal of the  Arianta arbustorumMollusk Temperate Behavioral: mating frequency High 2 -1 1
Gibson, et al. Peru (Cocha Ca   Yale USA Yes 2008 Intra-com                   American Journal of PrimAteles belzebuth c    Mammal Tropical Behavioral: infanticide and forced Low 1 2
Goenaga, et al. USA (California Uppsala UniversitySwede Yes 2015 Within-s                  BMC Evolutionary BiologCallosobruchus mInsect Temperate Morphological: seminal protein a      High 2 0
Cordero Italy Universidade de VSpain Yes 1999 Forced c              Journal of Insect BehaviCalopteryx haemoInsect Temperate Behavioral: forced copulation and   High 2 2 1.5
Rivera and Andres Italy Universidade de VSpain Yes 2002 Male coe        Journal of Insect Science Calopteryx haemoInsect Temperate Behavioral: forced copulation and   High 2 2
Okuzaki and Sota Japan (Kyoto &  Kyoto University Japan Yes 2014 How the                   Journal of Evolutionary Carabus (Ohomop  Insect Temperate Morphological and Behavioral Low 1 2
Moldowan, et al. Canada (Ontari Laurentian UniversCanadaYes 2020 Sex, shel            Behavioral Ecology and Chrysemys picta Reptile Temperate Morphological and Behavioral High 2 1
Shuker and Day UK University of EdinbUK Yes 2002 Mate sam          Behavioral Ecology Coelopa frigida Insect Temperate Behavioral: female acceptance High 2 2
Goenaga, et al. Argentina Universidad de Bu  ArgentYes 2012 The effec            Evolutionary Ecology Drosophila melanoInsect Temperate Behavioral: survival after mating Low 1 1
Seeley and Dukas Canada (S. OntaMcMaster Univers CanadaYes 2011 Teneral m         Animal Behaviour Drosophila melanoInsect Temperate Behavioral: forced copulation and  Low 1 1 2
While, et al. Australia (TasmUniversity of TasmAustra Yes 2011 Variation             Molecular Ecology Egernia whitii Reptile Temperate Behavioral: extra pair paternity fr Neutral 0 0
Winfrey and Fincke USA University of OklahUSA Yes 2017 Role of v        International Journal of Enallagma civile Insect Temperate Behavioral: male coercive behav Neutral 0 0
Bisazza and Marin USA (southern Università di PadoItaly Yes 1995 Sexual se             Ethology Ecology & Evo Gambusia holbrooFish Temperate Behavioral: male sneak/coercive Low 1 1
Gagnon and Turgeon Canada (N. QueUniversité Laval CanadaYes 2011 Sexual co                 Journal of Evolutionary Gerris gillettei Insect Temperate Behavioral: rejection and coercio        Low 1 1
Manguette, et al. Republic of ConMax Planck Institu Leipzig  Yes 2019 Intersexu          Behavioral Ecology and Gorilla gorilla Mammal Tropical Behavioral: infanticide and coerc Low 1 1
Bretman and Tregenza Spain Universities of LeedUK Yes 2005 Measurin           Molecular Ecology Gryllus bimaculatuInsect Temperate Behavioral: multiple or biased pa Low 1 2
Bertran, et al. Spain El Pont de Suert Spain Yes 2009 Agonistic                 Ethology Gypaetus barbatusBird Temperate Behavioral: aggressive male tact High 2 1.75
Van Gossum, et al. Belgium University of AntwBelgiumYes 2001 Frequenc                 Behavioral Ecology and Ischnura elegans Insect Temperate Behavioral: male mating harassmHigh 2 1.75 1
Hammers and Hans Van Belgium/NetherUniversity of GronNetherYes 2008 Variation             Animal Behaviour Ischnura elegans Insect Temperate Behavioral: male mating harassmLow 1 1
Rosa, et al. Spain Instituto de Ecolog    MexicoYes 2017 Alternati            Ecology and Evolution Ischnura elegans Insect Temperate Behavioral: male mating harassm   High 2 2
Gosden and Svensson Sweden Lund University Swede Yes 2009 Density-         American Naturalist Ischnura elegans Insect Temperate Fitness: costs to female, Behavio      High 2 1.666667
Takahashi and Watanabe Japan (Ibaraki PUniversity of TsukuJapan Yes 2009 Diurnal c                   Entomological Science Ischnura senegaleInsect Temperate Behavioral: male mating harassmLow 1 1
Olsson, et al. Sweden University of GotheSwede Yes 2004 FECUND            Evolution Lacerta agilis Reptile Temperate Behavioral:mating duration Low 1 1
Fitze, et al. France Ecole Normale Su   FranceYes 2005 Conflict O            Evolution Lacerta vivipara Reptile Temperate Behavioral: multiple mating Low 1 1.666666667 0
Le Galliard, et al. France Université Pierre e      FranceYes 2008 LIFETIME           Ecology Lacerta vivipara Reptile Temperate Fitness: female costs, Behaviora   High 2 2
Dreiss, et al. France Université Pierre e      FranceYes 2010 Age- and        Behavioral Ecology Lacerta vivipara Reptile Temperate Fitness: body condition and repro  High 2 2

Kenya Cornell University Ithaca, Yes 2007 Female e               Proceedings of the Roya     Lamprotornis supeBird Tropical Behavioral: extrapair copulation Low 1 0
Rabaneda-Bueno, et al. Spain stacio ́n Experimen     Spain Yes 2008 Sexual Ca           PLoS ONE Lycosa tarantula Arachnid Temperate Behavioral: sexual cannibalism High 2 2
Evans, et al. Italy/Sweden University of EdinbUK Yes 2015 Patterns               Biological Journal of the  Lygaeus simulans   Insect Temperate Behavioral: outcrossing propensi    Low 1 2
Cook, et al. USA (Hawaii) James madison un USA Yes 2018 Sexual co           Animal Behaviour Megalagrion callipInsect Tropical Behavioral: different female hara   Absent -1 1.5
Akçay, et al. USA (Seattle) University of WashUSA Yes 2012 Who init      Behavioral Ecology Melospiza melodiaBird Temperate Behavioral: extrapair copulation,  Neutral 0 2
Iserbyt, et al. Canada University of AntwBelgiumYes 2013 Negative             BMC Evolutionary BiologNehalennia irene Insect Temperate Behavioral: male harassment, Fit     High 2 2 1
Bots, et al. Canada University of AntwBelgiumYes 2015 Frequenc           American Naturalist Nehalennia irene Insect Temperate Behavioral: male mating harassmHigh 2 2
Bleeker, et al. Germany/NetheUniversity of AgdeNorwaYes 2017 Evidence               PLoS One Neogobius melanoFish Temperate Morphological: gonadal mass and    High 2 2
Brekke, et al. New Zealand Zoological Society o    UK Yes 2012 Postcopu            Behavioral Ecology Notiomystis cinctaBird Temperate Behavioral: extra pair mating Neutral 0 2
Grayson, et al. USA (Mountain   University of Virgin   USA Yes 2012 Behavior              Frontiers in Zoology Notophthalmus virAmphibian Temperate Behavioral: female stress responHigh 2 2
Hornhill Japan University of New  USA Yes 1992 Fluctuati            Animal Behaviour Panorpa japonica Insect Temperate Behavioral: nuptial gift giving and    High 2 2
Hsu, Yu-Hsn UK University of OtagoNew ZeYes 2015 Are extra             Molecular Ecology Passer domesticu Bird Temperate Morphological: male body size, F    Low 1 2
Hsu, et al. UK University of OtagoNew ZeYes 2014 COSTLY I           Evolution Passer domesticu Bird Temperate Fitness and Behavioral: extra pai  High 2 1.5 2
García-Navas, et al. Spain Instituto de Investi     Spain Yes 2013 Mating s            Behaviour Petronia petronia Bird Temperate Behavioral: allocation to parental High 2 2
Kauch, et al. Slovakia Slovak Academy o  Slovak Yes 2015 Environm            Evolutionary Ecology Pholidoptera griseInsect Temperate Behavioral: multiple mating, and   Low 1 2
Facon, et al. Switzerland University of LausaSwitze Yes 2007 Effect of           Animal Behaviour Physa acuta Mollusk Temperate Behavioral: gender selection High 2 2
Sugano and Akimoto Japan (Hokkaid  Hokkaido UniversitJapan Yes 2011 Mating a           Behavioral Ecology Podisma sapporenInsect Temperate Behavioral: outcrossing propensiHigh 2 1
Makowicz and Schlupp USA (Texas) University of OklahUSA Yes 2013 The direc         Animal Behaviour Poecilia latipinna Fish Temperate Fitness: female, Behavioral: male  High 2 2
Head, et al. Australia (TownUniversity of New  Austra Yes 2008 OPERATI                Evolution Poecilia reticulata Fish Tropical Behavioral: male pursuit, multiple Low 1 2
Conroy and Gray USA (California  CSU Northridge USA Yes 2015 Male Arm          Insects Pristoceuthophilus                Insect Temperate Morphological: male weaponry, a    High 2 1
Barry Australia (Kurin   Macquarie UniversAustra Yes 2015 Sexual de           Proceedings of the Roya     Pseudomantis alb Insect Temperate Behavioral: female chemical sign     High 2
Lode, Thierry France Université de RenFranceYes 2009 Mating s               Ethos Rana dalmatina Amphibian Temperate Behavioral: polyandy, mating coeHigh 2
Pogány, et al. Hungary Eötvös University Hunga Yes 2008 Sexual co            BMC Evolutionary BiologRemiz pendulinusBird Temperate Behavioral: offspring desertion High 2
Gress, et al. USA (NY) Syracuse UniversitUSA Yes 2016 Stepping               Behaviour Scathophaga stercInsect Temperate Morphological: male size, Behavi    Low 1
Whittingham and Dunn USA (WisconsinUniversity of Wisco  USA Yes 2010 Fitness b      Molecular Ecology Tachycineta bicoloBird Temperate Behavioral: extrapair mating, polyHigh 2
Friesen, et al. Canada (ManitoOregan State UniveUSA Yes 2014 Sexual co                Proceedings of the Roya     Thamnophis sirtal Reptile Temperate Morphological: male spine, Beha   High 2 2
Shine, et al. Canada (ManitoUniversity of SydneAustra Yes 2005 DOES LA               Evolution Thamnophis sirtal  Reptile Temperate Morphological: male body, Behav    High 2
Gosselin, et al. Sweden Université de SheCanadaYes 2017 Hunting      Journal of Animal EcologUrsus arctos Mammal Temperate Behavioral: sexually selected infaLow 1

Duplicate species 12 all temperate
Extra species papers 12 1 tropical, 11 temperate
Total species studied 61
Unique species populations studied 65

log sexua  log proportionconflict temp and trop conflic  weight weighted conflict proportion standardized proportion
Total temperate 1300 3.113943352 53 1.7243 0.657562 0.0323 0.868852459 0.304153846 0.264264817 0.463094178
Total tropical 677 2.830588669 8 0.9031 0.342438 0.0103 0.131147541 2.336189069 0.306385452 0.536905822

1977 3.296006669 61 0.570650269

sum average
Effect size temperate 58.416667 1.102201264
Effect size tropical 7 0.875

total proportion tempetropical range lifespanaverage effect size standardized average effect size
Amphibian 2 0.032786885 2 0 medium short 2 0.197389594
Arachnid 2 0.032786885 2 0 short short 1 0.098694797
Bird 17 0.278688525 15 2 long long 0.125 0.01233685
Fish 4 0.06557377 3 1 medium short 1.5 0.148042196
Insect 25 0.409836066 23 2 short short 1.423913043 0.140532809
Mammal 4 0.06557377 1 3 long long 1 0.098694797
Mollusk 2 0.032786885 2 0 short short 1.75 0.172715895
Reptile 5 0.081967213 5 0 medium long 1.333333333 0.131593063
Total 61 10.13224638 1
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Tropical Temperate Combined Conflict Country Name Country Code
Country Number of Studies Percent Country Number of Studies Percent Country Number of Studies Percent Total Country Number of Studies Aruba ABW
Argentina 24 3.145478375 Alaska 1 0.070771408 Alaska 1 0.045955882 Argentina 1 Africa Eastern and SouthAFE
Australia 43 5.635648755 Algeria 5 0.353857042 Algeria 5 0.229779412 Australia 3 Afghanistan AFG
Azores 1 0.131061599 Argentina 18 1.27388535 Argentina 42 1.930147059 Azores 1 Africa Western and CenAFW
Bahamas 4 0.524246396 Australia 57 4.033970276 Australia 100 4.595588235 Bahamas 1 Angola AGO
Barbados 1 0.131061599 Austria 7 0.495399858 Austria 7 0.321691176 Belgium 2 Albania ALB
Belize 2 0.262123198 Azores 2 0.141542817 Azores 3 0.137867647 Canada 7 Andorra AND
Bioko 1 0.131061599 Belgium 10 0.707714084 Bahamas 4 0.183823529 Cape verde 1 Arab World ARB
Bolivia 1 0.131061599 Bulgaria 4 0.283085633 Barbados 1 0.045955882 England 1 United Arab Emirates ARE
Borneo 1 0.131061599 Canada 117 8.280254777 Belgium 10 0.459558824 France 1 Argentina ARG
Botswana 2 0.262123198 Cape Verde 1 0.070771408 Belize 2 0.091911765 France 4 Armenia ARM
Burkino Faso 1 0.131061599 Chile 5 0.353857042 Bioko 1 0.045955882 Germany 2 American Samoa ASM
Burundi 1 0.131061599 China 28 1.981599434 Bolivia 1 0.045955882 Hawaii 1 Antigua and Barbuda ATG
Brazil 108 14.15465269 Corsica 1 0.070771408 Borneo 1 0.045955882 Hungary 1 Australia AUS
Cameroon 3 0.393184797 Cyprus 1 0.070771408 Botswana 2 0.091911765 Italy 3 Austria AUT
Canary Islands 1 0.131061599 Czech Republic 18 1.27388535 Bulgaria 4 0.183823529 Japan 4 Azerbaijan AZE
Cape Verde 1 0.131061599 Denmark 6 0.42462845 Burkino Faso 1 0.045955882 Kenya 2 Burundi BDI
Chile 1 0.131061599 Egypt 2 0.141542817 Burundi 1 0.045955882 Mexico 1 Belgium BEL
China 38 4.98034076 England 9 0.636942675 Brazil 108 4.963235294 Netherlands 2 Benin BEN
Columbia 15 1.965923984 Falkland Islands 1 0.070771408 Cameroon 3 0.137867647 New Zealand 1 Burkina Faso BFA
Congo (DRC) 5 0.655307995 Finland 19 1.344656759 Canada 117 5.376838235 Peru 1 Bangladesh BGD
Costa Rica 32 4.193971166 France 66 4.670912951 Canary Islands 1 0.045955882 Republic of Congo 1 Bulgaria BGR
cote d'ivoire 1 0.131061599 Georgia 2 0.141542817 Cape verde 2 0.091911765 Slovakia 1 Bahrain BHR
Cuba 2 0.262123198 Germany 48 3.397027601 Chile 6 0.275735294 Spain 1 Bahamas, The BHS
Durban 1 0.131061599 Gibraltar 4 0.283085633 China 66 3.033088235 Spain 1 Bosnia and HerzegovinaBIH
Ecuador 2 0.262123198 Great britain 1 0.070771408 Columbia 15 0.689338235 Spain 3 Belarus BLR
Egypt 1 0.131061599 Greece 18 1.27388535 Congo (DRC) 5 0.229779412 Sweden 4 Belize BLZ
El Salvador 1 0.131061599 Hungary 13 0.920028309 Corsica 1 0.045955882 Switzerland 3 Bermuda BMU
Ethiopia 2 0.262123198 Iceland 2 0.141542817 Costa Rica 32 1.470588235 Turkey 1 Bolivia BOL
French Guiana 9 1.179554391 India 1 0.070771408 Cote d'ivoire 1 0.045955882 UK 2 Brazil BRA
French Polynesia 1 0.131061599 Inner Mongolia 3 0.212314225 Cuba 2 0.091911765 USA 11 Barbados BRB
Gabon 1 0.131061599 Iran 6 0.42462845 Cyprus 1 0.045955882 Brunei Darussalam BRN
Galapagos - Ecua 6 0.786369594 Ireland 4 0.283085633 Czech Republic 18 0.827205882 Bhutan BTN
Ghana 1 0.131061599 Israel 10 0.707714084 Denmark 6 0.275735294 Botswana BWA
Guadalupe 3 0.393184797 Italy 55 3.892427459 Durban 1 0.045955882 Central African RepublicCAF
Guatemala 5 0.655307995 Japan 50 3.538570418 Ecuador 2 0.091911765 Canada CAN
Guam 1 0.131061599 Jordan 1 0.070771408 Egypt 3 0.137867647 Central Europe and the CEB
Guiana 3 0.393184797 Kazakhstan 2 0.141542817 El Salvador 1 0.045955882 Switzerland CHE
Hawaii 17 2.228047182 Korea 1 0.070771408 England 9 0.413602941 Channel Islands CHI
Haiti 1 0.131061599 Kyrgystan 1 0.070771408 Ethiopia 2 0.091911765 Chile CHL
Hispanola 1 0.131061599 Latvia 1 0.070771408 Falkland Islands 1 0.045955882 China CHN
Honduras 2 0.262123198 Lebanon 1 0.070771408 Finland 19 0.873161765 Cote d'Ivoire CIV
India 19 2.49017038 Morroco 3 0.212314225 France 66 3.033088235 Cameroon CMR
Indonesia 8 1.048492792 Netherlands 14 0.990799717 French Guiana 9 0.413602941 Congo, Dem. Rep. COD
Iran 1 0.131061599 New Zealand 27 1.910828025 French Polynesia 1 0.045955882 Congo, Rep. COG
Japan 18 2.359108781 Norway 13 0.920028309 Gabon 1 0.045955882 Colombia COL
Korean Penninsula 1 0.131061599 Poland 16 1.132342534 Galapagos 6 0.275735294 Comoros COM
Kenya 22 2.883355177 Portugal 13 0.920028309 Georgia 2 0.091911765 Cabo Verde CPV
La Reunion (Franc 4 0.524246396 Romania 3 0.212314225 Germany 48 2.205882353 Costa Rica CRI
Lake Malawi (exac   2 0.262123198 Russia 9 0.636942675 Gibraltar 4 0.183823529 Caribbean small states CSS
Lake Taganyika (u 1 0.131061599 Scotland 13 0.920028309 Ghana 1 0.045955882 Cuba CUB
Lesser Antilles 1 0.131061599 Serbia 1 0.070771408 Great Britan 1 0.045955882 Curacao CUW
Lome 1 0.131061599 Slovakia 1 0.070771408 Greece 18 0.827205882 Cayman Islands CYM
Madagascar 15 1.965923984 Slovenia 2 0.141542817 Guadalupe 3 0.137867647 Cyprus CYP
Malawi 2 0.262123198 South Africa 10 0.707714084 Guatemala 5 0.229779412 Czech Republic CZE
Mali 1 0.131061599 South Korea 1 0.070771408 Guam 1 0.045955882 Germany DEU
Malaysia 9 1.179554391 Spain 72 5.095541401 Guiana 3 0.137867647 Djibouti DJI
Martinique 1 0.131061599 Sweden 46 3.255484784 Hawaii 17 0.78125 Dominica DMA
Mayotte 1 0.131061599 Switzerland 34 2.406227884 Haiti 1 0.045955882 Denmark DNK
Mexico 58 7.601572739 Syria 1 0.070771408 Hispaniola 1 0.045955882 Dominican Republic DOM
Morocco 1 0.131061599 Taiwan 1 0.070771408 Honduras 2 0.091911765 Algeria DZA
Namibia 3 0.393184797 Tasmania 1 0.070771408 Hungary 13 0.597426471 East Asia & Pacific (exc   EAP
New Caledonia 2 0.262123198 Tibet 1 0.070771408 Iceland 2 0.091911765 Early-demographic dividEAR
Nicaragua 1 0.131061599 Turkey 13 0.920028309 India 20 0.919117647 East Asia & Pacific EAS
Niger 1 0.131061599 UK 35 2.476999292 Indonesia 8 0.367647059 Europe & Central Asia (e   ECA
Nigeria 2 0.262123198 Ukraine 4 0.283085633 Inner Mongolia 3 0.137867647 Europe & Central Asia ECS
Pakistan 3 0.393184797 USA 470 33.26256192 Iran 7 0.321691176 Ecuador ECU
Panama 30 3.931847969 Wales 7 0.495399858 Ireland 4 0.183823529 Egypt, Arab Rep. EGY
Papua New guinea 3 0.393184797 Total 1413 Israel 10 0.459558824 Euro area EMU
Peru 15 1.965923984 Italy 55 2.527573529 Eritrea ERI
Portugal 1 0.131061599 Japan 68 3.125 Spain ESP
Puerto Rico 11 1.441677588 Jordan 1 0.045955882 Estonia EST
Samoa 3 0.393184797 Kazakhstan 2 0.091911765 Ethiopia ETH
Sao-tome & Princi 2 0.262123198 Korea 2 0.091911765 European Union EUU
Saudi Arabia 1 0.131061599 Kenya 22 1.011029412 Fragile and conflict affe  FCS
Seychelles (Cousi  2 0.262123198 Kyrgystan 1 0.045955882 Finland FIN
Solomon Islands 3 0.393184797 Latvia 1 0.045955882 Fiji FJI
South Africa 23 3.014416776 La Reunion 4 0.183823529 France FRA
South Pacific Islan 2 0.262123198 Lake Malawi (exac  2 0.091911765 Faroe Islands FRO
Sri Lanka 2 0.262123198 Lake Taganyika (e  1 0.045955882 Micronesia, Fed. Sts. FSM
St. Lucia 1 0.131061599 Lebanon 1 0.045955882 Gabon GAB
Sulawesi 2 0.262123198 Lesser Antilles 1 0.045955882 United Kingdom GBR
Suriname 2 0.262123198 Lome 1 0.045955882 Georgia GEO
Syria 1 0.131061599 Madagascar 15 0.689338235 Ghana GHA
Taiwan 12 1.572739187 Malawi 2 0.091911765 Gibraltar GIB
Tanzania 13 1.703800786 Mali 1 0.045955882 Guinea GIN
Thailand 9 1.179554391 Malaysia 9 0.413602941 Gambia, The GMB
Tonga 1 0.131061599 Martinique 1 0.045955882 Guinea-Bissau GNB
Trinidad & Tobago 28 3.669724771 Mayotte 1 0.045955882 Equatorial Guinea GNQ
Turkey 2 0.262123198 Mexico 58 2.665441176 Greece GRC
UAE 1 0.131061599 Morocco 4 0.183823529 Grenada GRD
Uganda 7 0.917431193 Namibia 3 0.137867647 Greenland GRL
Upper Volta 1 0.131061599 Netherlands 14 0.643382353 Guatemala GTM
Uruguay 14 1.834862385 New Caledonia 2 0.091911765 Guam GUM
USA  22 2.883355177 New Zealand 27 1.240808824 Guyana GUY
Yemen 1 0.131061599 Nicaragua 1 0.045955882 High income HIC
Venezuela 5 0.655307995 Niger 1 0.045955882 Hong Kong SAR, China HKG
Zaire 1 0.131061599 Nigeria 2 0.091911765 Honduras HND
Zambia 14 1.834862385 Norway 13 0.597426471 Heavily indebted poor c  HPC
Zimbabwe 3 0.393184797 Pakistan 3 0.137867647 Croatia HRV
Total 763 Panama 30 1.378676471 Haiti HTI

Papua New guinea 3 0.137867647 Hungary HUN
Peru 15 0.689338235 IBRD only IBD
Poland 16 0.735294118 IDA & IBRD total IBT
Portugal 14 0.643382353 IDA total IDA
Puerto Rico 11 0.505514706 IDA blend IDB
Romania 3 0.137867647 Indonesia IDN
Russia 9 0.413602941 IDA only IDX
Samoa 3 0.137867647 Isle of Man IMN
Sao-tome & Princi 2 0.091911765 India IND
Saudi Arabia 1 0.045955882 Not classified INX
Scotland 13 0.597426471 Ireland IRL
Serbia 1 0.045955882 Iran, Islamic Rep. IRN
Seychelles (Cousi  2 0.091911765 Iraq IRQ
Slovakia 1 0.045955882 Iceland ISL
Slovenia 2 0.091911765 Israel ISR
Solomon Islands 3 0.137867647 Italy ITA
South Africa 33 1.516544118 Jamaica JAM
South Korea 1 0.045955882 Jordan JOR
South Pacific Islan 2 0.091911765 Japan JPN
Spain 72 3.308823529 Kazakhstan KAZ
Sri Lanka 2 0.091911765 Kenya KEN
St. Lucia 1 0.045955882 Kyrgyz Republic KGZ
Sulawesi 2 0.091911765 Cambodia KHM
Suriname 2 0.091911765 Kiribati KIR
Sweden 46 2.113970588 St. Kitts and Nevis KNA
Switzerland 34 1.5625 Korea, Rep. KOR
Syria 2 0.091911765 Kuwait KWT
Taiwan 13 0.597426471 Latin America & Caribbe    LAC
Tanzania 13 0.597426471 Lao PDR LAO
Tasmania 1 0.045955882 Lebanon LBN
Tibet 1 0.045955882 Liberia LBR
Thailand 9 0.413602941 Libya LBY
Tonga 1 0.045955882 St. Lucia LCA
Trinidad & Tobago 28 1.286764706 Latin America & CaribbeLCN
Turkey 15 0.689338235 Least developed countri   LDC
UAE 1 0.045955882 Low income LIC
Uganda 7 0.321691176 Liechtenstein LIE
UK 35 1.608455882 Sri Lanka LKA
Ukraine 4 0.183823529 Lower middle income LMC
Upper Volta 1 0.045955882 Low & middle income LMY
Uruguay 14 0.643382353 Lesotho LSO
USA 492 22.61029412 Late-demographic divideLTE
Venezuela 5 0.229779412 Lithuania LTU
Wales 7 0.321691176 Luxembourg LUX
Yemen 1 0.045955882 Latvia LVA
Zaire 1 0.045955882 Macao SAR, China MAC
Zambia 14 0.643382353 St. Martin (French part) MAF
Zimbabwe 3 0.137867647 Morocco MAR
TOTAL 2176 Monaco MCO

Moldova MDA
Madagascar MDG
Maldives MDV
Middle East & North AfrMEA
Mexico MEX
Marshall Islands MHL
Middle income MIC
North Macedonia MKD
Mali MLI
Malta MLT
Myanmar MMR
Middle East & North Afr    MNA
Montenegro MNE
Mongolia MNG
Northern Mariana IslandMNP
Mozambique MOZ
Mauritania MRT
Mauritius MUS
Malawi MWI
Malaysia MYS
North America NAC
Namibia NAM
New Caledonia NCL
Niger NER
Nigeria NGA
Nicaragua NIC
Netherlands NLD
Norway NOR
Nepal NPL
Nauru NRU
New Zealand NZL
OECD members OED
Oman OMN
Other small states OSS
Pakistan PAK
Panama PAN
Peru PER
Philippines PHL
Palau PLW
Papua New Guinea PNG
Poland POL
Pre-demographic divide PRE
Puerto Rico PRI
Korea, Dem. People's RePRK
Portugal PRT
Paraguay PRY
West Bank and Gaza PSE
Pacific island small statPSS
Post-demographic dividePST
French Polynesia PYF
Qatar QAT
Romania ROU
Russian Federation RUS
Rwanda RWA
South Asia SAS
Saudi Arabia SAU
Sudan SDN
Senegal SEN
Singapore SGP
Solomon Islands SLB
Sierra Leone SLE
El Salvador SLV
San Marino SMR
Somalia SOM
Serbia SRB
Sub-Saharan Africa (exc   SSA
South Sudan SSD
Sub-Saharan Africa SSF
Small states SST
Sao Tome and Principe STP
Suriname SUR
Slovak Republic SVK
Slovenia SVN
Sweden SWE
Eswatini SWZ
Sint Maarten (Dutch parSXM
Seychelles SYC
Syrian Arab Republic SYR
Turks and Caicos Island TCA
Chad TCD
East Asia & Pacific (IDA   TEA
Europe & Central Asia (    TEC
Togo TGO
Thailand THA
Tajikistan TJK
Turkmenistan TKM
Latin America & the Car     TLA
Timor-Leste TLS
Middle East & North Afr     TMN
Tonga TON
South Asia (IDA & IBRD)TSA
Sub-Saharan Africa (IDA   TSS
Trinidad and Tobago TTO
Tunisia TUN
Turkey TUR
Tuvalu TUV
Tanzania TZA
Uganda UGA
Ukraine UKR
Upper middle income UMC
Uruguay URY
United States USA
Uzbekistan UZB
St. Vincent and the GrenVCT
Venezuela, RB VEN
British Virgin Islands VGB
Virgin Islands (U.S.) VIR
Vietnam VNM
Vanuatu VUT
World WLD
Samoa WSM
Kosovo XKX
Yemen, Rep. YEM
South Africa ZAF
Zambia ZMB
Zimbabwe ZWE
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Temperate Total Conflict
Country Number of Lead Researchers Percent of total Country Number of Lead Researchers Country Number of Researchers Percent of Total Country Number of Researchers
Argentina 22 3.264094955 Algeria 5 0.385802469 Algeria 5 0.257201646 USA 15
Australia 36 5.341246291 Argentina 14 1.080246914 Argentina 36 1.851851852 Italy 1
Austria 12 1.78041543 Australia 46 3.549382716 Australia 58 2.983539095 Spain 3
Belgium 1 0.148367953 Austria 8 0.617283951 Austria 20 1.028806584 Belgium 3
Brazil 91 13.50148368 Belgium 12 0.925925926 Belgium 13 0.66872428 UK 7
Burkino Fasso 1 0.148367953 Brazil 1 0.077160494 Brazil 92 4.732510288 Sweden 4
Canada 22 3.264094955 Brunei 1 0.077160494 Brunei 1 0.051440329 France 4
China 37 5.489614243 Bulgaria 2 0.154320988 Bulgaria 2 0.102880658 Australia 1
Columbia 8 1.18694362 Canada 97 7.484567901 Burkino Fasso 1 0.051440329 Switzerland 4
Costa Rica 1 0.148367953 Chile 2 0.154320988 Canada 119 6.121399177 Spain 2
Cuba 1 0.148367953 China 30 2.314814815 Chile 2 0.102880658 Hungary 1
Czech Republic 1 0.148367953 Czech Republic 16 1.234567901 China 67 3.446502058 Australia 3
Denmark 4 0.59347181 Denmark 7 0.540123457 Columbia 9 0.462962963 Netherlands 1
Egypt 1 0.148367953 England 6 0.462962963 Costa Rica 1 0.051440329 Norway 2
Finland 1 0.148367953 Finland 16 1.234567901 Cuba 1 0.051440329 Japan 3
France 11 1.632047478 France 55 4.24382716 Czech Republic 17 0.874485597 Canada 5
Germany 26 3.857566766 Germany 58 4.475308642 Denmark 11 0.565843621 Argentina 1
Ghana 1 0.148367953 Greece 8 0.617283951 Egypt 1 0.051440329 New Zealand 2
Greece 2 0.296735905 Hungary 5 0.385802469 England 6 0.308641975 Slovakia 1
Honduras 1 0.148367953 Iceland 1 0.077160494 Finland 17 0.874485597 Mexico 1
Hungary 1 0.148367953 India 1 0.077160494 France 66 3.395061728 Germany 2
India 10 1.483679525 Iran 4 0.308641975 Germany 84 4.320987654
Indonesia 2 0.296735905 Ireland 5 0.385802469 Ghana 1 0.051440329
Israel 1 0.148367953 Israel 8 0.617283951 Greece 10 0.514403292
Italy 6 0.890207715 Italy 39 3.009259259 Honduras 1 0.051440329
Japan 19 2.818991098 Japan 42 3.240740741 Hungary 6 0.308641975
Kenya 1 0.148367953 Kazakhstan 1 0.077160494 Iceland 1 0.051440329
Malaysia 3 0.445103858 Kenya 1 0.077160494 India 11 0.565843621
Martinique 1 0.148367953 Luxembourg 1 0.077160494 Indonesia 2 0.102880658
Mexico 30 4.451038576 Mexico 1 0.077160494 Iran 4 0.205761317
Netherlands 10 1.483679525 Morocco 1 0.077160494 Ireland 5 0.257201646
New Zealand 2 0.296735905 Netherlands 11 0.848765432 Israel 9 0.462962963
Pakistan 4 0.59347181 New Zealand 19 1.466049383 Italy 45 2.314814815
Panama 2 0.296735905 Norway 15 1.157407407 Japan 61 3.137860082
Peru 1 0.148367953 Poland 12 0.925925926 Kazakhstan 1 0.051440329
Phillipines 1 0.148367953 Portugal 9 0.694444444 Kenya 2 0.102880658
Poland 2 0.296735905 Romania 3 0.231481481 Luxembourg 1 0.051440329
Puerto Rico 1 0.148367953 Russia 9 0.694444444 Malaysia 3 0.154320988
Scotland 2 0.296735905 Scotland 11 0.848765432 Martinique 1 0.051440329
South Africa 15 2.225519288 Serbia 1 0.077160494 Mexico 31 1.594650206
Spain 2 0.296735905 Slovakia 1 0.077160494 Morocco 1 0.051440329
Sri Lanka 1 0.148367953 Slovenia 2 0.154320988 Netherlands 21 1.080246914
Sweden 4 0.59347181 South Africa 5 0.385802469 New Zealand 21 1.080246914
Switzerland 7 1.038575668 South Korea 3 0.231481481 Norway 15 0.771604938
Taiwan 5 0.741839763 Spain 55 4.24382716 Pakistan 4 0.205761317
Tanzania 1 0.148367953 Sweden 41 3.163580247 Panama 2 0.102880658
Thailand 2 0.296735905 Switzerland 45 3.472222222 Peru 1 0.051440329
Trinidad 1 0.148367953 Taiwan 1 0.077160494 Phillipines 1 0.051440329
UK 34 5.044510386 Turkey 6 0.462962963 Poland 14 0.720164609
Uruguay 7 1.038575668 UK 85 6.558641975 Portugal 9 0.462962963
USA 214 31.75074184 Ukraine 1 0.077160494 Puerto Rico 1 0.051440329
Venezuela 1 0.148367953 USA 466 35.95679012 Romania 3 0.154320988
Zimbabwe 1 0.148367953 Wales 1 0.077160494 Russia 9 0.462962963
Total 674 Total 1296 Scotland 13 0.66872428

Serbia 1 0.051440329
Slovakia 1 0.051440329
Slovenia 2 0.102880658
South Africa 20 1.028806584
South Korea 3 0.154320988
Spain 57 2.932098765
Sweden 45 2.314814815
Switzerland 52 2.674897119
Taiwan 6 0.308641975
Tanzania 1 0.051440329
Trinidad 1 0.051440329
Turkey 6 0.308641975
UK 119 6.121399177
Ukraine 1 0.051440329
Uruguay 7 0.360082305
USA 680 34.97942387
Venezuela 1 0.051440329
Wales 1 0.051440329
Zimbabwe 1 0.051440329
Total 1944
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Dawson and Ryan Central/South Ame    University of texas  USA no 2009 Early Experience Le           Copeia Eliminated, Manipulative study with no site description.
Zúñiga-vega, et al. Mexico Universidad Nacion    Mexico no 2012 Intraspecific variat          Environmental Biology of Fishes Eliminated - no repro focus
Tomlinson NO ACCESS UK no 1989 Models of clines in     Biological Journal of the Linnean SociELIMINATED no access/ no info if they study wild organisms.
Seth, et al. 2020 Radiation biology o                         International Journal of Radiation BioELIMINATED: Manipulative (radiation)
Delia, et al. Mexico Boston University USA no 2013 Rediscovery of 'los        Biodiversity & Conservation Eliminated: Species discovery, no repro focus
Balolia, et al. ?? University college UK No 2013 Sexual Dimorphism           International Journal of Primatology ELIMINATED: Museum Records, no specificity of origin of samples.
Overduin-de Vries,  Biomedical Primat         Utrecht University Netherlands no 2015 Tactical deception         Behavioral Ecology and Sociobiology Eliminated: Captive held animals and no description of origins.
Huckembeck, et alBrazil Universidade Fede    Brazil no 2012 The activity patter                                                      Brazilian Journal of Biology Eliminated: habitat use and activity, No repro
Goenaga, et al. Argentina Universidad de Bue  Argentina no 2012 The effect of matin          Evolutionary Ecology ELiminated: Wild collected but then isofemale lines bred through 10 generations were used?
Maestripieri and GCayo Santiago University of ChicaUSA No 2016 What Cortisol Can                 American Journal of Primatology Eliminated: Review. Not experimental?
Beaudrot, et al. University of Califo  USA No 2009 Why male orangut     Behavioral Ecology and Sociobiology ELiminated:Review. Not experimental?
Yukilevich and Tru Multiple:South eas           SUNY-Stony Brook USA no 2008 AFRICAN MORPHO              Evolution ELiminated: Isofemale Lines, kept less than 2 years. More than 3 generations. 
Molet, et al. DUPLICATE Universite´ Pierre e   France No 2008 Shift in Colonial Re          American Naturalist
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Fitze, et al. DUPLICATE 2005 CONFLICT OVER M           Evolution
Yang, et al. China Anhui Agricultural China No 2011 COMPARATIVE M          The Florida Entomologist Kept for "MANY" generations (ELIMINATED)
Yamane Japan Natl Agr & Food R  Japan No 2013 EFFECTS OF THE B                Entomological News Eliminated
Araki, et al. USA Oregon State uni USA No 2007 Genetic Effects o            Science Eliminated (Hatchery reared)
Fokkema, et al. Netherlands University of Gro Netherlands No 2017 Is parental comp           Ecology and Evolution Eliminated Manipulative?

DUPLICATE No 1999 Male reproductiv            Molecular Ecology
Byrne Duplicate No 2004 Male sperm expe          Behavioral Ecology
Baylis, et al. Falkland Islands South Atlantic Env   Falklands No 2016 Pup Vibrissae Sta               PLoS ONE ELiminated (focuses on habitat use "foraging" in coastal and offfshore habitats).
Gerhardt No access/Site m University of Mis USA - MO No 1994 Reproductive cha            Animal Behaviour ELiminated (No access)
Hettyey and PearDuplicate No 2003 Social environme            Behavioral Ecology
Hissmann No access/Site m Max-Planck-Institut  Germany No 1990 Strategies of mat                 Ecological Entomology Eliminated (no access)
Simmons No access University of Not England No 1988 The contribution                  Ecological Entomology Eliminated - no access
Johnson and Li Duplicate No 2010 Understanding b          Journal of Comparative Physiology
Johnson and Li Review Michigan State UUSA - MI No 2010 Understanding b          Journal of Comparative PhysiologyEliminated
Somiya and TamaMarine (Eliminat Nagasaki Univers Japan No 2017 Unraveling matin            Journal of Experimental Marine Biology & Ecology
Ophir, et al. USA-TN University of FlorUSA No 2008 Variation in neur               Proceedings of the National Acade         ELiminated
Bohn, et al. No 2009 Versatility and St     PLoS One
Fauvergue, et al. INRA France No 2008 Virgins in the wild             Oecologia ELIMINATED (200 Generations)
Grieves, et al. DUPLICATE No 2019 Wax Ester Compo              Journal of chemical ecology
Górecka-Bruzda, et al. Polish Academy o  Poland No 2020 Welfare of Free-R            Animals ELIMINATED (NOT  REPRO FOCUSED)
Bush University of East England No 1996 Why is double clu       Animal Behaviour ELIMINATED (captive colony)
Robertson and Cooke No 1999 Winter philopatr    The Auk Eliminated (review)
Goenaga, et al. DUPLICATE 2015 Within-species d                 BMC Evolutionary Biology
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