
Genital wounding in chimpanzees (Pan troglodytes): Targeted attacks or happenstance? 1 

Abstract 2 

Reports of primate violence frequently note wounds to the genital region, raising the possibility 3 

that attackers target genitals to eliminate the reproductive capacity of rivals. Alternatively, in 4 

chimpanzees (Pan troglodytes) and other species with prominent genitals, injuries may occur 5 

simply because large size makes them easy targets. To test these hypotheses, we compiled 6 

records of wounds suffered by chimpanzees in four communities at three long-term study sites 7 

(Gombe, Tanzania; Kibale, Uganda; Fongoli, Senegal), including both non-lethal (N=1,268 8 

wounds; N=891 male wounds; N=377 female wounds) and lethal attacks (N=258 wounds), to 9 

determine whether genital wounding occurred more frequently than expected by chance. In non-10 

fatal cases, wounds occurred in the genital region more often than expected for females 11 

(Kasekela: N=9/80 wounds, Mitumba: N=8/61 wounds, Fongoli: N=11/84 wounds, Kanyawara: 12 

N=31/152 wounds), but only in Kasekela did males suffer genital wounds more often than 13 

expected by chance (Kasekela: N=3/80 wounds, Mitumba: N=2/48 wounds, Fongoli: N=6/413 14 

wounds, Kanyawara: N=4/350 wounds). In contrast, killings of males involved genital wounds 15 

more often than expected (N=12/258 wounds). Increased genital wounding may occur when 16 

genitals are more accessible, such as when females flee from male aggression, exposing their 17 

hindquarters, or when victims are immobilized during fatal attacks.   18 

 19 
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Meriones  21 

pursued, and struck him with his spear and pierced  22 

his navel, piercing through his genitals— 23 

the worst affliction that the god of war gives 24 

to poor unhappy mortals  25 

–Homer, The Iliad 13.749-753 26 

 27 

Introduction 28 

Animals frequently compete over key resources and status, and sometimes injure their 29 

opponents (Whitten & Smith, 1984; Ruehlmann et al., 1988; Drews, 1996; Macdonald et al., 30 

2004; Delahay et al., 2006; Forman & Brain, 2006; West et al., 2006; Mosser & Packer, 2009; 31 

Williams et al., 2010; Beisner et al., 2012; MacCormick et al., 2012; Charpentier & Drea, 2013; 32 

Archie et al., 2014; Leeds et al., 2021; Grimes et al., 2022). While in many cases, animals 33 

appear to avoid injuring opponents, perhaps to avoid suffering the costs of escalated fighting 34 

(Maynard Smith & Price, 1974), in other cases animals engage in violence, injuring or killing 35 

opponents, and may gain fitness benefits by doing so, such as by eliminating rivals (Enquist & 36 

Leimar, 1990).  37 

 38 

Wounds inflicted to any part of an opponent’s body may reduce their reproductive success. 39 

Across taxa, wounding often occurs more frequently in one sex, suggesting a relationship 40 

between wounding rates and species-specific patterns of reproductive competition (males: 41 

stump-tailed macaques, Macaca arctoides, Whitten & Smith, 1984, Ruehlmann et al., 1988; 42 

rhesus macaques, Macaca mulatta, Ruehlmann et al., 1988; pigtail macaques, Macaca 43 

nemestrina, Ruehlmann et al., 1988; yellow baboon, Papio cynocephalus, Drews, 1996; 44 

European badger, Meles meles, Macdonald et al., 2004; ring-tailed lemur, Lemur catta, 45 

Charpentier & Drea, 2013; olive baboon, Papio anubis, MacCormick et al., 2017; orca, Orcinus 46 



orca, Grimes et al., 2022; Females: water voles, Arvicola terrestris, Forman & Brain, 2006). In 47 

some species, wounding increases during times of intense competition. For example, male 48 

rhesus macaques (Macaca mulatta) suffer their highest rates of mortality and wounding during 49 

the mating season (Hoffman et al., 2008). By inflicting wounds, competitors impose an 50 

immunological cost on their rivals. Wounded individuals not only suffer risk of infection, physical 51 

impairment, and death but expend energy that directly or indirectly compromises reproductive 52 

success. For example, in a study of ornate tree lizards (Urosaurus ornatus), individual lizards 53 

that suffered wounds exhibited reduced reproductive success when lizards were subjected to a 54 

stress-inducing experimental treatment, but this difference was not evident in the absence of 55 

induced stress (French et al., 2007). Among yellow baboons (Papio cynocephalus), wounds 56 

healed more slowly when females were lactating relative to either pregnant or cycling females 57 

(Archie et al., 2014).  58 

 59 

When fighters cause injury, the location of the resulting wounds may depend mainly on 60 

happenstance and opportunity, insofar as fighters injure whatever parts are accessible and/or 61 

unprotected. However, the possibility exists that fighters may target specific locations to 62 

maximize the impact of their attack. Descriptions of wounding resulting from fights among male 63 

primates often note injury to the genitals or groin region (bonobos, Pan paniscus: Kano, 1984, 64 

chimpanzees, Pan troglodytes: de Waal, 1986, Goodall, 1992, Watts et al., 2006, Kaburu et al., 65 

2013; rhesus macaques, Macaca mulatta: de Waal, 1986; crab-eating macaques, Macaca 66 

fascicularis; de Waal 1986; chacma baboons, Papio ursinus: de Waal, 1986; olive baboons, 67 

Papio anubis: de Waal, 1986). For example, in the Kasekela chimpanzee community in Gombe 68 

National Park, Tanzania, adult male Wilkie overthrew the alpha male, Goblin, in a fight that 69 

involved a Goblin biting Wilkie on the scrotum, inflicting a severe wound; researchers inferred 70 

that the resulting infection likely would have been fatal without veterinary intervention (Goodall, 71 

1992). Such wounding can end the victim’s reproductive career; genetic tests have found no 72 



subsequent offspring sired by Goblin (Wroblewski et al., 2009). Subsequent scrotal wounds to 73 

other former alpha males, including Frodo and Ferdinand (Massaro et al., in revision), as well as 74 

a severe attack on adult female Flirt’s sexual swelling (Gombe Stream Research Centre, 75 

unpublished data) further invite the question of whether chimpanzees target their victims’ 76 

genitals. In addition to injuries from non-fatal fighting, mutilated or severed genitals feature 77 

prominently in descriptions of conspecific killings by chimpanzees (de Waal, 1986; Goossens et 78 

al., 2005; Watts et al., 2006; Kaburu et al., 2013). 79 

 80 

Researchers have proposed two main hypotheses to explain the prevalence of such genital 81 

wounds: (1) attackers target this region, perhaps to eliminate the reproductive capacity of rivals 82 

(Betzig, 2014), and (2) genitals may be injured frequently simply because they are large or 83 

easily accessible (Goodall, 1992). For example, Goodall speculated whether Wilkie 84 

“intentionally [bit] Goblin in his most vulnerable part,” but concluded it was more likely luck: “the 85 

scrotum (so very large in wild chimpanzees) is an obvious thing to bite” (Goodall, 1992). Given 86 

that male primates frequently compete over reproductive opportunities, injuring an opponent’s 87 

genitals would provide an effective way to eliminate a reproductive competitor. Additionally, 88 

wounds to the genital region can be catastrophic for other reasons. Passing near the groin, the 89 

femoral artery delivers blood to the lower extremities; severing this artery can cause massive 90 

blood loss and rapid death (Degiannis et al., 1995). Historical accounts indicate that in human 91 

societies, attackers targeted the genitals of victims as both a symbolic and practical means of 92 

disabling an opponent (Betzig 2014). While fights among non-human primates presumably lack 93 

a symbolic element, targeting the groin can be effective both for eliminating a rival’s 94 

reproductive capacity and damaging their health. 95 

 96 

For both male and female chimpanzees, genitals present a conspicuous target for attackers. 97 

Compared to other primates, chimpanzees have exceptionally large testes, both in absolute 98 



terms (139 g combined mass (Harcourt et al., 1995; estimate based on multiple studies, 99 

weighted by sample size) and controlling for body mass (ibid.). Female chimpanzees exhibit 100 

estrogen-dependent swelling of the genital skin during the follicular phase of the menstrual cycle 101 

(Dixson, 1998). Chimpanzee menstrual cycles last approximately 36 days with full tumescence 102 

lasting from 2 to 19 days (Deschner et al., 2003; Emery & Whitten, 2003). Thus, the genitals of 103 

both male and female chimpanzees present large targets for damage during fights. 104 

 105 

Distinguishing between the two hypotheses poses challenges, but we can make some 106 

inferences based on patterns such as sex differences in wounding and the locations of the 107 

wounds. Determining the intentionality of such targeting—and indeed, determining intentionality 108 

at all in observational studies of animals—poses severe challenges (Heyes & Dickinson, 1990). 109 

The records of wounds provide little direct evidence of the intentions of attackers. Nonetheless, 110 

the two hypotheses—targeted versus non-targeted attack—yield contrasting predictions. If 111 

attackers do not specially target genitals, then genital wounds should occur in proportion to 112 

relative surface area. In this case, the proportion of wounds suffered to genitals should 113 

approximate their relative proportion of total body surface area. In contrast, targeted attacks 114 

should result in a greater proportion of wounds suffered to genitals than predicted by surface 115 

area alone, particularly among males and during non-lethal attacks, as genital wounds to these 116 

individuals would have the greatest potential impact on future reproductive success. 117 

 118 

Here, we test two alternative hypotheses: the frequency of wounds to the genital region in 119 

chimpanzees is best explained by either (1) targeting of this area by attackers, resulting in more 120 

genital wounds than expected by chance; or (2) incidental damage, such that genitals receive 121 

no more wounds than expected given the proportion of total body surface. To assess wounding 122 

patterns, we use a dataset compiled from the health monitoring records of three long-term 123 

chimpanzee field studies, in which research teams recorded the presence and location of any 124 



newly observed chimpanzee wounds, noting additional details when able. We used these data 125 

to assess whether genital injury occurs more often than expected, given the proportion of the 126 

body surface represented by the genital region. 127 

 128 

Methods 129 

Data collection 130 

To assess whether wounds to these areas occurred more frequently than expected, we 131 

examined wounding data recorded during a total of 611 months of observation of chimpanzees 132 

in four communities at three study sites: Gombe National Park, Tanzania: Kasekela community 133 

(N=190 months: 2004–2019) and Mitumba community (N=184 months: 2004–2019); Kibale 134 

National Park, Uganda: Kanyawara community (N=166 months: 2006–2019); and Fongoli, 135 

Senegal: (N=71  months: 2006–2014). The Kasekela and Mitumba communities occupy 136 

portions of Gombe National Park, a mosaic of forest, woodland, and grassland habitat along the 137 

mountainous shoreline of Lake Tanganyika in northwestern Tanzania (4°38′ – 4°45′S, 29°36′ – 138 

29° 39′E; Wilson, 2021). The Kasekela community (47–62 individuals) consistently 139 

outnumbered the neighboring Mitumba community (20–29 individuals) throughout the study 140 

period (2004-2019). The Kanyawara community occupies a mosaic of forest, swamp, and 141 

grassland habitat along the western boundary of Kibale National Park (00°30′N, 30°24′E) in 142 

southwestern Uganda and numbered between 44 to 54 individuals during the study period 143 

(2006-2019; Emery Thompson et al., 2020). The Fongoli community occupies a savannah 144 

habitat featuring a mosaic of woodland, grassland, bamboo and gallery forests in the Kedougou 145 

region in southeastern Senegal (12°40′N, 12°13′W) and ranged in group size from 31 to 37 146 

individuals through the present study (2006-2014; Pruetz et al., 2015). 147 

 148 

During daily observations of chimpanzees, observers noted the location and other details of any 149 

wounds observed. While such wounds may be reported across multiple days when they remain 150 



unhealed, we inspected these records to identify unique events. While minor differences exist 151 

across sites in the methods for collecting wound information, our analysis compares each site to 152 

itself. We compiled all reported wounds, excluding any cases in which we could infer that 153 

wounds were caused by members of another species (e.g., snare wounds, or wounds resulting 154 

from observed interspecies interactions). We also tallied the locations of wounds from nine 155 

cases of conspecific killings that provided sufficiently detailed accounts (Table 1). In total, we 156 

compiled 1,272 wounds suffered during non-lethal attacks (N=1,272 wounds; N=895 male 157 

wounds; N=377 female wounds) and 258 wounds suffered during lethal attacks (N=258 male 158 

wounds). 159 

 160 

Table 1. Summary of fatal chimpanzee attacks with detailed accounts of wounds from Kibale, 161 

Uganda; Kalinzu, Uganda; Mahale, Tanzania; and Gombe Tanzania (2002–2017) 162 

Community Site Victim 
identity 

Number of 
wounds 

Number of 
genital 
wounds 

Publication 

Ngogo Kibale Unknown 
male 

26 1 Watts et al. 2006 

Ngogo Kibale Unknown 
male 

25 1 Watts et al. 2006 

Ngogo Kibale Unknown 
male 

16 0 Watts et al. 2006 

Kanyawara Kibale Unknown 
male 

54 2 Watts et al. 2006 

M-Group Mahale Pimu 15 1 Kaburu et al. 2013 

Kalinzu M-
Group 

Kalinzu Unknown 
male 

33 0 Wilson et al., 2014 

Mitumba Gombe Fansi 22 2 Massaro et al., in 
revision 

Mitumba Gombe Vincent 47 4 Massaro et al., in 
revision 

Mitumba Gombe Ebony 20 1 Massaro et al., in 
revision 

163 



Estimations of surface area: Females 164 

While sexual swellings change in size throughout the reproductive cycle of female 165 

chimpanzees, we calculate the surface area of a fully swollen sexual swelling to provide an 166 

upper bound to our estimate of genital surface area. To determine the percentage of a female 167 

chimpanzee’s body covered by a fully tumescent sexual swelling, we started with the total 168 

surface area (1.64 m2) estimated by Cross & Collard (2011), based on measurements of body 169 

segments of a 47.1 kg adult female chimpanzee, reported by Crompton et al. (1996). We then 170 

used an estimate of the surface area of a full sexual swelling (0.0297 m2) from a study that used 171 

measurements of swelling height, width, and depth collected via photogrammetry (Emery & 172 

Whitten, 2003). Together, these figures indicate that a fully tumescent sexual swelling covers 173 

approximately 1.84% of a female chimpanzee’s body surface. 174 

 175 

Estimations of surface area: Males 176 

We estimated the surface area of a male chimpanzee based on the ratio between male and 177 

female body mass. Dixson and Mundy (1994) reported a mean body mass of 58.8 kg for male 178 

chimpanzees, 1.25 times the mass of the female specimen used to calculate female surface 179 

area (Crompton et al., 1996; Cross & Collard, 2011). While these studies used chimpanzees 180 

raised in captivity, which are larger than some wild chimpanzees (e.g., Gombe: (females: 31.3 181 

kg; males: 39 kg; Pusey et al., 2005), they have approximately the same 1.25 ratio of male to 182 

female body mass as wild chimpanzees, and presumably have similar body proportions to wild 183 

chimpanzees. We estimated male surface area, AM =AF(mM/mF)2/3 , where AF = female surface 184 

area, mM = male body mass, mF = female body mass, with the ratio of body masses taken to the 185 

⅔ power because area increases with the square of linear dimensions, while volume and mass 186 

increase by the cube of linear dimensions. This calculation produced an estimated surface area 187 

of (1.6413 m2)(1.25)⅔ =  1.87 m2 for adult male chimpanzees. 188 

 189 



We estimated the surface area of the chimpanzee scrotum based on the testes volume 190 

(mean=150.4 cm3) measured from 11 male chimpanzees (Dixson & Mundy, 1994). Assuming 191 

the scrotum is approximately spherical, this yields a radius of:   192 

 193 

r = (3V/4𝜋)⅓ = ((3*150.4 cm3)/4𝜋)⅓ = 0.0329 m and an area A = 4𝜋r2 = 0.0137 m2.  194 

 195 

Next, we used Preview to measure the size in pixels of a flaccid chimpanzee penis depicted in a 196 

figure with accompanying centimeter scale (Dixson & Mundy, 1994: Figure 1) to estimate the 197 

approximate length (4.2 cm) and width (1.4 cm, radius of 0.7 cm). By treating the penis as a 198 

cylinder without one end, we calculated surface area (A = 2𝜋𝑟ℎ + 𝜋𝑟2), yielding an estimated 199 

flaccid penis surface area of 0.00246 m2, and a combined male genital surface area of 0.0161 200 

m2. 201 

 202 

Data Analysis 203 

For each study community, we calculated the expected number of genital wounds for males and 204 

females based on the percentage of the adult body surface covered by the genital region for 205 

males (0.86%) and females (1.84%). We then used exact binomial tests with a Bonferroni 206 

correction for multiple comparisons to assess whether observed genital wounding significantly 207 

differed from the expected values. 208 

 209 

Ethical Note 210 

All researchers complied with Institutional Animal Care and Use Committee (IACUC) guidelines 211 

of their respective institutions. We analyzed data collected through non-invasive observation of 212 

wild animals, which does not require IACUC approval. Researchers collected data with 213 

permission and oversight of the government organizations responsible for wildlife research at 214 

each field site. 215 



 216 

Results 217 

Across study sites, we documented a total of n = 74 genital wounds (n = 59 to females; n = 15 218 

to males) in our set of non-fatal injuries (Figure 1). Male chimpanzees included in this dataset 219 

suffered x̅ = 0.19±0.50 wounds (mean ± standard deviation; n=77 males), while females 220 

included in the sample received x̅ = 0.58±0.95 genital wounds (mean ± standard deviation, 221 

n=102 females). Observers generally noted the presence and location of each wound but did 222 

not consistently provide additional details such as shape or size of the wound.  223 

 224 

Figure 1. Distribution of documented non-fatal wounds suffered by chimpanzees across body 225 

part and sex. Researchers documented wounds at Fongoli, Senegal (2006–2014), Gombe, 226 

Tanzania (2004–2019), and Kibale, Uganda (2006–2019). Columns represent the sum of 227 

documented wounds divided by sex and body part.  228 
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In the nine fatal attacks, seven victims suffered genital wounds, for a total of n = 12 genital 230 

wounds. In five of these cases, testes were removed from the scrotum of the killed chimpanzee. 231 

In two cases, parts of the penis were removed. In one additional case, researchers documented 232 

lacerations to the scrotum, but neither penis nor testes were removed from the body. 233 

 234 

Females suffered wounds to their sexual swellings more often than expected in all four 235 

communities (exact binomial test, Kasekela: N=9/80 wounds, p<0.001, Mitumba: N=8/61 236 

wounds, p<0.001, Fongoli: N=11/84 wounds, p<0.001, Kanyawara: N=31/144 wounds, 237 

p<0.001).  238 

 239 

Male chimpanzees also received more genital wounds than the number expected by chance, 240 

but this pattern was statistically significant only in one community (Kasekela; Table 2).  241 

Even at Kasekela, the number of genital wounds recorded for males was small (n = 3), though 242 

more than four times as many as the 0.69 genital wounds predicted by body surface area. The 243 

three Kasekela males receiving genital wounds included two former alpha males (Frodo, 37 244 

years old, and Ferdinand, 26 years old) and one younger male (Fundi, 19 years old). 245 

Chimpanzees in the Mitumba community at Gombe also suffered a high number of genital 246 

wounds, but not significantly more than expected (p=0.083). In contrast, killings of males 247 

involved genital wounds more often than expected (exact binomial test, N=12/258 wounds, 248 

p<0.001).  249 



Table 2. Summary of wound locations documented at Fongoli, Senegal (2006–2014), Gombe, 250 

Tanzania (2004–2019), Kibale, Uganda (2006–2019), and reported fatal attacks. 251 

Community Site Country Victim’s 
Sex 

Total 
Wounded 
Individuals 

Total 
Wounds 

Total 
Genital 
Wounds 

Expected 
Genital 
Wounds 

Exact 
Binomial 
Test 
Corrected 
p-value 

Non-fatal Cases – Males 

Kasekela Gombe Tanzania Male 22 80 3 0.69 0.048 

Mitumba Gombe Tanzania Male 7 48 2 0.41 0.083 

Fongoli Fongoli Senegal Male 22 413 

 

6 3.56 0.167 

Kanyawara Kibale Uganda Male 26 350 4 2.67 0.355 

Non-fatal Cases – Females 

Kasekela Gombe Tanzania Female 29 80 9 1.47 <0.001 

Mitumba Gombe Tanzania Female 14 61 8 1.12 <0.001 

Fongoli Fongoli Senegal Female 18 84 11 1.55 <0.001 

Kanyawara Kibale Uganda Female 41 152 31 2.80 <0.001 

Fatal Cases – Males 

Fatal Attacks   Male 9 258 12 2.22 <0.001 

 252 

Discussion 253 

Overall, we found a higher-than expected proportion of genital wounds for female chimpanzees 254 

and in fatal attacks on male chimpanzees. In male chimpanzees, the number of genital wounds 255 

was also higher than expected, but only for one community (Kasekela) was this difference 256 

statistically significant. Even in Kasekela, this involved only three genital wounds to males in 257 

190 months of observation. These results indicate that during fights, males rarely injure the 258 

genitals of rival males. In contrast, we found a high prevalence of wounds inflicted to the 259 

genitals of females, indicating that targeting may be occurring. We found this pattern 260 

consistently throughout our dataset despite making the conservative assumption that the injured 261 

swelling was fully tumescent at time of injury. If we were to adjust our analysis to account for the 262 

possibility of genital wounds when females were not fully tumescent, we would employ a smaller 263 

relative surface area for female genitals and thus only increase the extent to which females 264 

received wounds to this area more than expected and would not change the gist of our findings.  265 



 266 

It might seem counterproductive for males to injure the genitals of their potential mating 267 

partners. Two additional factors may increase the likelihood of genital injury for females. First, 268 

males act aggressively toward females disproportionately during the time of their sexual cycles 269 

when their genital skin is fully tumescent (Muller et al., 2009), when the skin is pulled taut by the 270 

edema and rendered more vulnerable to injury. As a result, any bites or blows received to this 271 

area may be more likely to result in noticeable injuries. Second, sex differences in body 272 

orientation during aggressive incidents may result in a higher incidence of genital wounds for 273 

females. Field observations suggest that males more frequently face one another when fighting, 274 

whereas females more often flee male attackers or crouch to protect their underside (and 275 

offspring), exposing their hindquarters to attack. Supporting this observation, analysis of 276 

craniofacial trauma in chimpanzees found that females suffered a greater portion of lesions to 277 

the rear of their skulls than did males (Novak & Hatch, 2009).  278 

 279 

In killings of males, attackers damaged the genitals of victims in 7 of 9 cases, suggesting that 280 

attackers targeted the genitals of their victims. While wounds to the genital region could involve 281 

mortal wounds, such as severing the femoral artery, none of the genital injuries in our dataset 282 

involved such catastrophic trauma. Instead, they generally involved more superficial injuries— 283 

lacerations of the skin—or removal of tissue, which could preclude future reproduction had the 284 

victim survived, but which otherwise seemed unlikely to be fatal in the absence of other injuries. 285 

In one case at Kasekela, researchers noted that attackers caused a tear in the victim’s scrotum, 286 

exposing the testis (Massaro et al., in revision), yet the victim survived for 48 months after this 287 

injury. Our finding that in fatal cases, genital wounding occurred more often than expected 288 

suggests that attackers targeted this area. An additional factor to consider, however, is that 289 

during fatal attacks, chimpanzees often pin the victim to the ground, exposing the victim’s 290 

ventral surface (e.g., Watts et al., 2006). Most wounds in our set of fatal cases occurred to the 291 



extremities (hands and feet: 28.3%, n=73/258) or ventral surface (face, neck, chest, abdomen, 292 

groin: 39.9%, n=103/258), suggesting that attackers damage any readily accessible part of their 293 

victim. This finding leaves open the possibility that attackers intentionally expose the ventrum of 294 

victims to damage vulnerable body parts, including genitals. 295 

 296 

We used health monitoring data to test our hypotheses. In most cases, observers did not record 297 

how these wounds were inflicted. Thus, we do not have data on the identity, community 298 

membership or number of attackers, nor do we have data on the true orientation during the 299 

duration of such attacks. Studies using direct observation or video recording of chimpanzee 300 

violence would provide opportunities to test these hypotheses further. 301 

 302 

In summary, while for both sexes of chimpanzees, the number of genital wounds exceeded the 303 

number expected by surface area, this difference was only statistically significant for females; 304 

for living males in one of four study communities; and for males killed by other chimpanzees. 305 

Attackers may target genitals, but so long as males are unrestrained, they generally succeed in 306 

avoiding genital injury. Inflicting wounds, regardless of location, may either serve to alter 307 

conspecific behavior or diminish reproductive success of rivals due to energy tradeoffs between 308 

investment in healing wounds and mating effort. 309 

 310 

Data Availability 311 

The raw datasets generated during and/or analyzed during the current study are not publicly 312 

available due to ongoing studies at respective field sites but are available from the 313 

corresponding author on reasonable request. We report summary data in tabular format within 314 

the text. Summary data are sufficient to replicate the statistics reported in this analysis.  315 
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