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Abstract 14 

Male infanticide has been reported in a wide range of taxa as a strategy 15 

for redirecting maternal investment and increasing a male’s chance of 16 

siring future offspring. Plains zebras (Equus quagga) possess many of 17 

the social organization and life history traits found to favor infanticide. 18 

However, most documented cases are from captive animals, while it has 19 

not been detected in studies of free-ranging populations. Here, we report 20 

an apparent infanticide attempt in which the historical associations of all 21 

participants were known. In addition, we report the first instance of non-22 

kin female-female cooperative defense against male aggression in this 23 

species. We discuss why this behavior may not have been observed by 24 

other longitudinal studies. We then explore how intraspecific and inter-25 

individual variation may factor into its relative rarity, how the 26 

reproductive biology of plains zebras relates to this behavior, and how 27 

female-female cooperation between non-kin can operate as an effective 28 

counterstrategy. 29 

Keywords equids, Equidae, ungulate, third-party intervention, 30 

sexual conflict 31 
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1. Introduction 33 

In social systems where the interests of males and females regularly 34 

collide, such as in stable, mixed-sex associations, intersexual conflicts of 35 

interest often emerge. One of the most extreme forms of intersexual 36 

conflict is male infanticide, whereby an adult male kills the dependent 37 

offspring of a female. A widespread phenomenon across diverse taxa 38 

(Hrdy, 1979; Hausfater & Hrdy, 2017), infanticide has been proposed to 39 

be a major selective force shaping mating systems and social dynamics, 40 

such as the evolution of monogamy in primates (Borries et al., 2011; 41 

Opie et al., 2013; but see Lukas & Clutton-Brock, 2014), as well as the 42 

emergence of female counter-strategies such as sexual promiscuity to 43 

obfuscate paternity (Balme, 2013), sexual segregation (Dahle & 44 

Swenson, 2003), and female gregariousness (Grinnell & McComb, 45 

1996). However, other studies have argued that infanticide is a 46 

consequence rather than a cause of social variation (Lukas & Huchard, 47 

2014). 48 

Though there are a variety of hypotheses for why male infanticide might 49 

occur (for excellent discussions of adaptive and maladaptive 50 

explanations, see Palombit, 2015; Hausfater & Hrdy, 2017), a common 51 

explanation is the sexual selection hypothesis, which posits that 52 

infanticide is advantageous to males because it removes the vessel of a 53 

competitor's genes while shortening the female’s latency to estrus and/or 54 

improving her condition and future fertility (Palombit, 2015). In a meta-55 

analysis of 260 mammalian taxa, male infanticide was found to be most 56 
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strongly predicted by the absence of seasonal reproduction, occurring 57 

most often in species living in stable, mixed-sex groups with a female-58 

biased sex ratio where reproduction is monopolized by a few males who 59 

have relatively short reproductive tenures compared to female inter-birth 60 

intervals (Lukas & Huchard, 2014). This study concluded that infanticide 61 

acts to increase a male’s fitness by directly reducing another male’s 62 

reproductive success and by redirecting maternal investment to a male’s 63 

future offspring, and highlighted that social organization was critically 64 

important in predicting its emergence. 65 

Plains zebras (Equus quagga) meet these predicted requirements, 66 

occupying complex social worlds where males and females live in stable, 67 

female-biased social groups. The core social unit of plains zebra society 68 

is a type of uni-male multi-female unit (UM-MF unit) referred to as a 69 

“bonded true harem” (hereafter simply “harem”), defined as “a stable 70 

group consisting of a single breeding male maintaining tenure in a group 71 

with two or more unrelated females across more than one reproductive 72 

event for at least one of the females” and in in which the unrelated 73 

females form stable bonds with one another (Hex et al., 2021). In plains 74 

zebras, the harem consists of a single reproductive stallion, 2-5 typically 75 

unrelated adult females, and their dependent offspring who generally 76 

disperse when they reach sexual maturity (approx. 2.5 years old), though 77 

young females may remain in their natal harem if their father is deposed 78 

(Simpson et al. 2012; pers. obs.), and young males may delay dispersal 79 

until they are as old as 4 (Klingel 1965, 1974; Simpson et al. 2012; pers. 80 

obs.).Young males join bachelor groups, where, in our population, they 81 
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may remain until they are between 5-12 years old before forming their 82 

first bonds with females and beginning their reproductive lives. Harems 83 

are relatively stable across time, with composition remaining unchanged 84 

for 3.5 years on average (Tong et al., 2015), though some bonds can 85 

persist much longer, up to 12 years (pers. obs.). As a result, there is great 86 

potential for skew in reproductive success between males, especially 87 

between stallions and bachelors, who do not breed (Rubenstein & Nuñez, 88 

2009). 89 

Plains zebras do not have seasonal reproduction and females cycle year 90 

round, with an estrus of 2-9 days followed by a diestrus of 17-24 days 91 

(King, 1965). This aseasonal reproduction meets another of the 92 

predictions derived from Lukas and Huchard’s (2014) meta-analysis. 93 

Though mares exhibit a post-partum estrus 8-10 days after foaling (King, 94 

1965), infanticide has been reported to occur in this species. Both 95 

infanticide and feticide, when a male persistently attacks and/or forces 96 

copulations on pregnant females to induce abortions, have been observed 97 

at relatively high rates in captive plains zebras (Pluháček & Bartoš, 2000; 98 

Pluháček & Bartoš, 2005). However, the extent to which infanticide 99 

occurs in wild plains zebras is contentious. There have been a few reports 100 

of infanticide in other feral (Berger, 1986; Gray, 2009) and semi-feral 101 

equids (Duncan, 1982; Feh & Munkhtuya, 2008; Dorj & Namkhai, 102 

2013). Recently, Britnell and colleagues (2021) reported perhaps the 103 

most comprehensive evidence to date of infanticide in wild Cape 104 

Mountain zebras (Equus zebra zebra), which share many aspects of their 105 

ecology with plains zebras. This report included an observation of 106 
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attempted infanticide by bachelor males, along with descriptions of three 107 

necropsied foals with injuries the authors considered consistent with 108 

infanticide, including kick marks, bitten ears, massive internal injuries, 109 

broken ribs, and broken necks.  110 

In contrast, while there are many videos and documentaries on the 111 

internet documenting anecdotes of infanticide in wild plains zebras, there 112 

has only been a single published report to date (Ransom & Kaczensky, 113 

2016). Other studies have reported no occurrence of infanticide in their 114 

populations, including a longitudinal survey which found no significant 115 

effect of stallion turnover on infant mortality in a population that had 116 

been monitored for 16 years (Vitet et al., 2021). This inability to detect a 117 

population-level signature of infanticide led the investigators to conclude 118 

that infanticide, if it occurs at all, is likely a rare occurrence with no 119 

significant demographic impact on plains zebra populations. There is 120 

also disagreement as to whether infanticide in equids represents an 121 

adaptive reproductive strategy under sexual selection (e.g. Britnell et al., 122 

2021), or is a maladaptive, social pathology induced by unnatural or 123 

stressful social conditions (e.g. Feh & Munkhtuya, 2008), as there 124 

appears to be intraspecific variation in its incidence. 125 

Vitet and colleagues (2021) proposed the presence of sufficiently 126 

effective female counterstrategies, namely female-female cooperation, as 127 

one potential reason for why infanticide does not appear to be a strong 128 

demographic driver in plains zebras. Coalitionary support as a strategy to 129 

defend against infanticide has been observed in other taxa (African lions 130 

Panthera leo, Packer et al.,1990; Temminck’s red colobus Procolobus 131 
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badius temminckii, Starin, 1994), almost always occurring between close 132 

kin. Among equids, the degree of social integration between unrelated 133 

feral horse females was significantly negatively correlated with degree of 134 

male harassment, suggesting female social bonds play a role in reducing 135 

male harassment  (Cameron et al., 2009), and there has been at least one 136 

report of a female intervening on behalf of a half-sister against an 137 

infanticidal male (Feh & Munkhtuya, 2008). However, to our best 138 

knowledge, such cooperative behavior towards male aggression has not 139 

yet been reported in the literature for female plains zebras. 140 

Here, we describe, with accompanying video examples, an instance of 141 

apparent attempted infanticide in a monitored population of wild plains 142 

zebras in which the relationships and history of associations between all 143 

participants are known. In addition, we report the first description of 144 

female-female cooperation, likely between non-kin, in a high-risk 145 

situation involving extended male aggression in wild plains zebras. We 146 

then explore the possibilities for why infanticide appears to be rare in 147 

wild populations, how the reproductive biology and socioecology of 148 

plains zebras might explain its presence, and how female-female 149 

cooperation could operate as a highly effective counterstrategy. 150 

2. Study area and observational methods 151 

The event occurred on the Eastern Sector of Ol Pejeta Conservancy 152 

(0°00 N, 36°56 E), a semi-arid, bushed grassland in the Laikipia 153 

ecosystem of central Kenya. We have been monitoring this population 154 

since 2001, collecting data on associations, movement, and demography. 155 
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During census loops, we drive a set route through the reserve in search of 156 

harems/herds. Upon locating a harem, we record the spatial coordinates 157 

and habitat, as well as the identity, phenotype, reproductive state, and 158 

group membership of each individual (Fischhoff et al., 2007, 2010). We 159 

conduct a survey of the population at a typical interval of 1 week (range: 160 

1 day -1 month). Harem size in our population (5 ± 1.3 members, range 161 

2-13) is comparable to those reported in other populations (Klingel 1965; 162 

Vitet et al., 2021). We are able to individually identify zebras based on 163 

their unique stripes (Figure 1 for example ID cards).  164 

In addition, between July and October 2021, a subset of 22 harems (115 165 

individuals), including the harem involved in the reported event, were 166 

part of a more intensive ongoing study involving routine focal follows of 167 

harems which last on average 3 consecutive hours. Harems from this 168 

subset are systematically prioritized so they can be re-sighted and 169 

followed at relatively regular intervals (median inter-follow interval 14 ± 170 

6 days, range 2-29), though a degree of opportunism is included in the 171 

search protocol to maximize contact time with a given harem. When a 172 

harem is found, continuous video and audio recordings are collected of 173 

focal individuals (1 hour per focal) and scan samples are collected every 174 

30 minutes recording spatial coordinates, habitat, nearest neighbor, and 175 

the behavior of all members. With these data, we are able to construct 176 

proximity networks using the R packages igraph (Csardi & Nepusz, 177 

2006) and ggnetwork (François, 2021) to inspect the associations of 178 

harem members over time. Finally, all instances of other behaviors of 179 

interest are recorded, including travel initiations and follows, queue 180 
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order, affiliation, and aggression. We amassed a total of 290.5 contact 181 

hours, amounting to an average of 13 hours (range: 6-23 hours) spent 182 

with each harem.  183 

Table 1: Aristocrats harem membership prior to the observed 

infanticide attempt. *Edmund was last seen with the harem on the 22nd 

of May. 

 

INDIVIDUAL 

NAME 

SEX REPRODUCTIVE 

STATE 

YEAR 

FIRST 

SIGHTED 

MEMBER 

SINCE 

*Edmund Male Stallion 2008 as 

bachelor 

2009 (until 

May 2021) 

Aethelwulf Male Stallion 2009 as 

infant 

May 2021 

Matilda Female Pregnant 2008 as 

adult 

2012 

Elanor Female Nonlactating 2017 as 

adult 

2018 

Antoinette Female Nonlactating 2012 as 

infant 

2010 

Isabella Female Pregnant 2008 as 

adult 

2013 

Victoria Female Pregnant 2020 as 

adult 

2020 

 184 

3. Results 185 

3.1. Description of the event 186 

(Fig. 1 here) 187 

On August 3rd, 2021, at approximately 09:00, we encountered the 6-188 

member Aristocrats harem (Table 1). Upon arrival, we observed a new 189 

foal who appeared to have been born that morning to Matilda (Figure 1, 190 

Supplementary material 1). The foal was unsteady on its legs, and its 191 

curly baby-pelt was still wet with amniotic fluid about the underbelly, 192 
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where the vestiges of the umbilical cord remained. Both the foal and 193 

mother’s hind legs were still stained with blood from the birth, and the 194 

placenta lay less than 100 meters away, visibly fresh, and only just 195 

beginning to draw in white-headed vultures (Triconoceps occipitalis) and 196 

a raptor to feed (Supplementary material 2). All of these observations 197 

suggested to us that the foal had not been born more than a few hours 198 

prior to our arrival that morning.  199 

Beside Matilda stood another female member of the harem, Elanor 200 

(Figure 1), while the other three mares of the harem grazed several 201 

hundred meters away. Nearby grazed the new stallion, Aethelwulf, who 202 

had been the resident male for just over two months (Figure 1). At 09:09 203 

we commenced our routine focal follow of the Aristocrats, during which 204 

we witnessed the following events. 205 

Matilda expressed elevated levels of aggression towards Aethelwulf, 206 

kicking at him whenever he approached within a body length and 207 

keeping herself interposed between him and her foal (Figure 2, 208 

Supplementary material 3). In contrast, Elanor was frequently permitted 209 

to graze within a single body length, often standing beside the newborn 210 

foal without receiving aggression. Aethelwulf would not retreat after 211 

Matilda’s threats, as we generally see from stallions or other harem 212 

members who accidentally approach too near (pers. obs.), instead 213 

returning her kicks in kind (Figure 3).  214 

(Fig. 2 and 3 here) 215 
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At approximately 09:12 we witnessed Aethelwulf’s first attack, where he 216 

appeared to lunge for the foal after Matilda’s threats towards him left her 217 

further from her foal. (Supplementary material 4). Matilda interposed, 218 

kicking Aethelwulf, who bit her in retaliation, before moving the foal 219 

away by pushing its body with her head. Elanor approached at a trot and 220 

interposed between the parties while Matilda retreated, and then stopped 221 

to graze between Matilda and Aethelwulf. Elanor remained beside 222 

Matilda for 4 minutes, during which time the foal was positioned 223 

between the two mares as it attempted to nurse, before she moved a few 224 

body lengths away to graze. At 09:20 Matilda approached Elanor, where 225 

the two grazed within a body length of one another for 4 minutes, until 226 

Aethelwulf approached within two body lengths. At 09:34 Aethelwulf 227 

attacked again, and he and Matilda exchanged kicks before Elanor trotted 228 

between the parties, and remained near Aethelwulf until he retreated 229 

before returning to graze near Matilda.  230 

At 10:00 another attack was witnessed. Aethelwulf first kicked at Elanor 231 

before charging after Matilda, appearing as though attempting to get 232 

around her to the foal  while she continually turned her haunches into 233 

him to keep herself positioned between them (Supplementary material 5). 234 

Aethelwulf pursued Matilda as she walked away, repeating his bites and 235 

apparent attempts to maneuver around Matilda and get to where the foal 236 

was (Supplemental material 6). Elanor intervened in both instances, 237 

interposing between the parties, where she directed her attention toward 238 

Aethelwulf and stayed near him while Matilda retreated with her foal. 239 

During this time, one of the distant harem members, a female named 240 
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Antoinette, approached within 50 meters and watched the fighting, 241 

though at no time did she become involved in the event.  242 

Aethelwulf, Matilda, and Elanor grazed from 10:14 until 10:32, with 243 

Elanor actively adjusting her positioning as Matilda and Aethelwulf 244 

shifted, closely following Matilda’s movements to remain interposed, 245 

and walking parallel alongside Aethelwulf to herd him away whenever 246 

he tried to approach (Supplemental material 7-10). At 10:36 we 247 

witnessed the most escalated series of attacks (Supplemental material 11) 248 

during which Aethewulf directed repeated aggression towards both 249 

Matilda and Elanor. Elanor’s involvement became more aggressive, and 250 

she performed rump swings, kick threats, and full kicks at Aethelwulf in 251 

her attempts to interpose between him and Matilda (Figure 4). During 252 

this period, the foal remained by Matilda’s side, and Aethelwulf did not 253 

succeed in making contact with the foal. 254 

(Fig. 4 here) 255 

Following this period of conflict, the mares began travelling at a trot, 256 

followed by Aethelwulf. From 10:38 until 11:20 the mares alternated 257 

between travelling and short bouts of grazing, during which time they 258 

continued the same behaviors described above. Matilda initiated much of 259 

the aggression during this period by threatening or kicking at Aethelwulf 260 

whenever he approached her and the foal within a body length, and 261 

Elanor continued interposing after every approach by Aethelwulf. From 262 

11:20 until the end of our observation period the mares rested and 263 

grazed, often with the foal resting between them, remaining in close 264 
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proximity with one another while maintaining a distance from 265 

Aethelwulf. We did not observe any more attacks from Aethelwulf, 266 

though he continued to kick at Matilda in response to her aggression. He 267 

spent the remainder of the session watching and following the two mares 268 

and foal from a distance, with only intermittent grazing and brief, 269 

occasional chases without contact. At the end of our observation period, 270 

the other three members of the harem were still at a distance of nearly 271 

200 meters from the four focal animals.  272 

We resighted the Aristocrats two days later on August 5th, with all six 273 

adult members of the harem travelling in queue from water. Matilda’s 274 

foal was no longer among them.  275 

3.2. Life history and relationships of the participants 276 

3.2.1. The mother: Matilda  277 

Matilda was first seen in 2008 as an adult, making her at least 15 years 278 

old. She has been in association with 7 stallions between 2008 until 279 

present, the longest bond having been with the most-recent former 280 

stallion of the Aristocrats harem, Edmund, whom she was with from 281 

2012 until May 2021. She has had two previous foals, one born in 2011 282 

which did not survive, and a female born the following year (2012) who 283 

survived and dispersed to another harem. Incidentally, both foals were 284 

born after their probable biological father had been deposed. The 2011 285 

foal had been born during a period of time when Matilda was in a series 286 

of brief associations, sighted with 5 different males over the period of 287 
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seven months, and had only been with the contemporary stallion for 288 

between 1-3 months when she gave birth. The 2012 foal, which survived 289 

into adulthood, had been born at the beginning of her association with 290 

Edmund, whom she had been with for a little over 4 months prior to 291 

parturition.  292 

3.2.2. The ally: Elanor 293 

Elanor was first seen as an adult on the Western Sector of Ol Pejeta 294 

Nature Conservancy in 2017, making her at least 6 years old. The 295 

Western Sector has several corridors through which wildlife can travel in 296 

and out, meaning that new individuals will occasionally be sighted on the 297 

Western Sector that may have originated from beyond the Conservancy. 298 

She was first seen with the Aristocrats harem in January of 2018, during 299 

Edmund’s tenure, after having been separated from her previous harem, 300 

which we never sighted again. She has had two foals since her first 301 

sighting, one born in 2018 shortly after she joined the harem, which did 302 

not survive, and a male born the following year (2019) who is alive today 303 

and only dispersed in late May of 2021. Elanor has not had a foal since 304 

2019, meaning there was no possibility that she might have been acting 305 

to protect Matilda’s foal due to mistaking it as her own or due to 306 

postpartum physiological state making her more willing to show 307 

maternal care to another foal, which has been suggested to facilitate 308 

adoption of non-kin in feral horses (Nuñez et al., 2013) and potentially 309 

precipitate conflicts over maternity in plains zebras (Fischhoff et al., 310 

2010). 311 
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Elanor and Matilda have been in the same harem since at least the 312 

beginning of 2017, and possibly since as early as mid-November of 313 

2016. Despite zebra herds being structured by female relatedness, 314 

making it possible that a young female could disperse into a harem 315 

containing close kin, relatedness within harems is generally low (Tong et 316 

al., 2015). While we cannot completely rule out the possibility that the 317 

two are kin without genetic analysis, the evidence suggests Elanor and 318 

Matilda are highly unlikely to be kin. There is no overlap in their social 319 

histories, which extends as far back as 2008 for Matilda, and it is likely 320 

that Elanor originated from beyond the Conservancy, as we first sighted 321 

her in an unknown harem on the Western Sector. Given the low average 322 

relatedness between harem-mates, the probable age difference between 323 

Elanor and Matilda, and the complete lack of overlap in historical 324 

associations prior to joining the Aristocrats, we consider it unlikely that 325 

Elanor and Matilda’s cooperation was the result of kinship.  326 

Construction of a proximity network of the Aristocrats harem for July-327 

October 2021 reveals that Matilda and Elanor remained consistently one 328 

another’s closest associates throughout this period, frequently seen 329 

within one body length of the other (Figure 5). The behaviors most 330 

frequently observed between these individuals were “social grazing” 331 

(grazing in parallel within one body length of one another, often with 332 

noses nearly touching), resting in antiparallel (standing side by side with 333 

nose to tail, such that tails can switch flies from the partner’s face), or 334 

resting in perpendicular position (one partner standing perpendicularly 335 

behind the other). This consistently close association may explain why 336 
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Elanor was the individual to intervene on Matilda’s behalf during this 337 

event.  338 

Elanor may also possess an increased tolerance of non-kin juveniles 339 

which may predispose her towards assisting in defense/parental duties 340 

with other harem members. Elanor has frequently been observed  341 

affiliating, playing with, and grooming the offspring of other harem 342 

members without aggression (Supplemental material 12). 343 

(Fig. 5a and 5b here) 344 

3.2.3. The new stallion: Aethelwulf 345 

Aethelwulf was born in 2009, and has never been the stallion of a harem. 346 

In early 2021 he was still a bachelor, and was first seen with the 347 

Aristocrats on the 28th of May at the age of 12 years. Aethelwulf is 348 

average in age for a stallion in our population (mean 12 ± 3.23 years old, 349 

range 5-18 years old). However, he was older than average for a male 350 

transitioning from being a bachelor to a stallion, as the average male in 351 

our population becomes a stallion for the first time at 7 ± 2.1 years old 352 

(range 5-12 years old).  353 

The former stallion of the Aristocrats, Edmund, who was 14 at the time 354 

of his disappearance, had last been seen on May 22nd. He has not been 355 

sighted since, leading us to suspect he died either shortly before or after 356 

Aethelwulf began his tenure as the stallion of the Aristocrats. This means 357 

Aethelwulf had been the stallion for just over 2 months (at least 67-73 358 

days) when Matilda’s foal was born. As mares have a mean gestation 359 
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length of 371.2 days (King, 1965), it is extremely unlikely that 360 

Aethelwulf was the father of the foal.  361 

4. Discussion 362 

This is one of only a few descriptions of an instance of extended and 363 

escalated male aggression directed towards a postpartum female and her 364 

newly born foal in wild plains zebras. In addition, this is, to our 365 

knowledge, the first report of non-kin female-female cooperation against 366 

sustained and persistent male aggression in this species. While we did 367 

not observe direct contact between the stallion and foal during our 368 

observation period, likely due to the behaviors of the two mares 369 

preventing such contact, based upon the stallion’s repeated attacks with 370 

the apparent intent of accessing the foal, along with his unlikely 371 

paternity, we consider this behavior to most likely represent an 372 

infanticide attempt. 373 

As we were unable to recover the foal’s body, we cannot definitively rule 374 

whether the ultimate cause of death was due to infanticide or other 375 

causes. Infant mortality is high in plains zebras, ranging from 0.19-0.389 376 

(Geogiadis et al., 2003; Grange et al., 2004). The primary cause of this 377 

high mortality rate is thought to be predation, which was estimated to 378 

account for 30% of the annual mortality in the Serengeti zebra 379 

population (Grange et al., 2004). Lions (Panthera leo), spotted hyenas 380 

(Crocutta crocutta), and cheetahs (Acinonyx jubatus) are found on Ol 381 

Pejeta, making predation a possible cause of this foal’s death. Another 382 

possibility is that the foal starved to death in those first two days. Zebra 383 
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populations in Laikipia, Kenya, are negatively impacted by annual 384 

variation in rainfall (Geogiadis et al., 2003). Laikipia county had been 385 

experiencing a drought between 2020-2021, which may have influenced 386 

some females’ abilities to sustain lactation. However, at the time of the 387 

event, Matilda’s body condition was scored as a “4” out of 5 using the 388 

plains zebra body condition scale (Ginsberg, 1988), leading us to suspect 389 

it unlikely that Matilda was unable to produce enough milk. Finally, it is 390 

possible that Aethelwulf was ultimately successful in his apparent aims 391 

to reach the foal and was able to physically harm it, or that he had 392 

contacted the foal prior to our arrival and inflicted internal injuries which 393 

resulted in its death. 394 

Alternatively, his persistent harassment of mother and foal may have 395 

precluded sufficient rest and nutrition for the pair and/or diverted 396 

attention from typical vigilance activities, thereby facilitating the direct 397 

cause of death. If this was the case, we would argue that the cause of 398 

death could still be considered infanticide, as his actions indirectly 399 

resulted in the removal of another male’s reproductive success. This 400 

would be similar to observations of feticide, where persistent, aggressive 401 

harassment of pregnant females results in abortion of the fetus, and 402 

implies that harassment of new mothers could be another effective 403 

infanticidal tactic worthy of closer investigation in this species. 404 
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4.1. Potential explanations of why infanticide has not been 405 

reported in wild plains zebras 406 

Our observation, though corroborating both dramatic anecdotes from 407 

wild plains zebras and numerous reports from captive animals, is at odds 408 

with other studies which claim to have never observed infanticide (Vitet 409 

et al., 2021). Why might other long-term monitoring projects have failed 410 

to observe this phenomenon? We suggest this to be the result of 1) 411 

inappropriate sampling to capture its relatively low occurrence, and 2) 412 

intraspecific variation in its prevalence.  413 

Plains zebra populations are often monitored using methods well suited 414 

to assessing shifts in demography and social association over time, while 415 

behavioral observations are typically ad hoc and of short duration. Rarely 416 

do such studies involve long-duration (>1 hour), systematic focal follows 417 

of known individuals over the course of several months to years (but see 418 

Simpson et al., 2012), a method that increases the likelihood of observing 419 

rare social events. This may be especially important in a species in which 420 

active socializing necessarily occupies a relatively small portion of their 421 

daily time budget due to the demands of being hind gut fermenters that 422 

must devote on average 65% of every hour and 50-80% of their total 423 

time to grazing (Rubenstein, 1993; Clauss, 2013). 424 

The circumstances that might lead to an infanticide attempt are likely to 425 

be uncommon in this species, making it challenging to witness using 426 

typical, survey-based monitoring methods. Though the likelihood of 427 

male turnover has been found to increase with harem size (Vitet et al., 428 
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2021), the average bond length between a stallion and any given mare in 429 

our population is 1114 ± 578 days (range 0-2802 days). This stability 430 

would reduce the chance of observing a recent turnover event in any 431 

given survey. Amongst the captured turnover events, it is likely that only 432 

a small proportion of them would possess the suite of circumstances that 433 

might favor an infanticide attempt, namely the presence of deeply 434 

pregnant females and/or extremely young foals. Furthermore, the long 435 

duration of gestation may impose cognitive challenges for a male 436 

attempting to assess paternity, and there may be a threshold of time after 437 

joining a harem beyond which the paternity of subsequently born foals 438 

becomes too uncertain to act upon. Alternatively, the growing bond 439 

between stallions and mares over time may shift the dynamics existing 440 

between them and make males less likely to attempt infanticide, which 441 

has been found to harm stallion-mare affiliative interactions in 442 

Przewalski’s horses (Feh & Munkhtuya, 2008). Finally, in horses, 5-10% 443 

of mares exhibit estrous behavior during pregnancy (Crowell-Davis, 444 

2007), which, if also true in zebras, may further serve to confuse 445 

paternity in the event of stallion turn-over while also strengthening social 446 

bonds. As infanticide is unlikely to occur if males are uncertain about 447 

paternity, turnover events where a male’s paternity uncertainty is low are 448 

likely relatively uncommon occurrences that even long-running 449 

monitoring projects could easily miss. This is especially true if not all 450 

infanticide attempts are successful, making it difficult to detect their 451 

presence or effect against the background of high infant mortality. 452 
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Using our intensive focal sampling regime, however, we have been able 453 

to witness various heretofore undocumented behaviors in wild plains 454 

zebras. Indeed, the above case study was not the only instance of 455 

apparent stallion-mare reproductive conflict and female-female 456 

cooperation that we observed in this time period. In a different harem 457 

that experienced a brief (~24 hour) stallion turnover, the newcomer male 458 

was seen persistently and aggressively separating and driving the only 459 

heavily pregnant mare away from this newly acquired harem. The rest of 460 

the harem mares were observed apparently trying to reunite with the 461 

isolated female. Her closest associate eventually succeeded in joining 462 

her, where they remained separated from the harem until their former 463 

stallion regained his position the next day. The only explanation we 464 

could make for why this particular female was singled out and driven 465 

from the harem by the interloper stallion was her reproductive state as a 466 

heavily pregnant female due to give birth within a few days to weeks. 467 

This behavior was consistent with observations of attempted feticide in 468 

captive zebras (Pluhácek & Bartoš, 2005). We should note that this new 469 

stallion did not demonstrate such aggressive harassment to any of the 470 

other 10 females of the harem, despite aggression being directed towards 471 

him by the mares, making it unlikely that he was an abnormally 472 

aggressive male, nor have we observed this form of harassment of 473 

females by new stallions in other harems. When harassment of mares by 474 

new stallions occurs, it generally takes the form of unsolicited attempted 475 

mountings or excessive herding. Therefore, aggressive harassment of 476 

females involving repeated attacks or isolation from the rest of the harem 477 

is not a typical feature of stallion turnover, and the situations in which it 478 
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would occur are likely infrequent, requiring further investigatory focus 479 

using intensive focal follows to characterize. 480 

Another non-mutually exclusive possibility for the apparent rarity of 481 

infanticide and its difficulty to observe is that there may be intraspecific 482 

and inter-individual variation in the presence or prevalence of this 483 

behavior as a reproductive strategy. Studies in captive plains zebras 484 

suggest there may be variation in its incidence across subspecies 485 

(Pluháček et al., 2006), and there is evidence of within-population 486 

individual variation in wild Przewalski’s horses (Feh & Munkhtuya, 487 

2008). Even in species in which infanticide is thought of as a common 488 

and adaptive reproductive strategy, there can be significant variation in 489 

its incidence both across and within populations (Hrdy, 1979; Sommer, 490 

1994; Cords & Fuller, 2010). Infanticide may not always be a fixed, 491 

invariable trait, but rather a conditional strategy influenced by 492 

sociodemographic factors (Bellemain et al., 2006); characteristics of the 493 

male such as his dominance (Palombit, 2003); his age, experience, and/or 494 

body size (Cords & Fuller, 2010); and how a male weighs potential 495 

benefits (i.e. increased likelihood of fathering future offspring) and 496 

opportunity (e.g. age of offspring, experience of mother) against the 497 

costs (e.g. coming into physical conflict with the mother and/or other 498 

group members, damaging the social bond with that female etc.) 499 

(Palombit et al., 2000). There may even be intraindividual variation in 500 

whether a male attempts infanticide across time, and how persistent or 501 

aggressive his attempts are in the face of female counterstrategies (Cords 502 

& Fuller, 2010).  503 
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In this case study, we, too, observed intraindividual variation in 504 

infanticide attempts by the same male. On August 20th, 2021, a foal was 505 

born to another mare of the Aristocrats harem, Victoria. However, in 506 

contrast to the above events, we did not witness any aggression directed 507 

towards the foal by Aethelwulf, and the harem travelled and stood 508 

together for the entire focal follow. It is important to note that our focal 509 

follow on that day occurred in the afternoon, meaning we did not have 510 

the opportunity to witness his behavior in the hours following parturition. 511 

This is an important caveat, as we notice more activity in our zebras in 512 

the morning between 8:00-12:00 than in the afternoon between 12:00-513 

16:00. Nonetheless, that infant survived until the end of our study period, 514 

and we never witnessed any aggression directed towards either infant or 515 

mother by Aethelwulf. Therefore, whether a given male decides to 516 

attempt infanticide is likely influenced by a complex suite of social, 517 

demographic, and contextual variables, potentially leading to great 518 

intraspecific variation in its incidence between and within populations, as 519 

well as within a given individual.  520 

4.2. Why might plains zebras attempt infanticide? 521 

The next question is why might infanticide occur in plains zebras? 522 

Though plains zebras possess many of the social organization 523 

characteristics found to predict its presence, females also possess a post-524 

partum estrus, which theoretically eliminates the benefit of killing a foal. 525 

Indeed, Feh & Munkhtuya (2008) reported that infanticide did not reduce 526 

interbirth intervals in Przewalski’s horses. However, we suggest that, in 527 
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spite of having a post-partum estrus, nursing a dependent foal imposes 528 

costs upon female plains zebras that reduce her chances of conceiving 529 

again after parturition. While mares can, in theory, sustain two offspring 530 

at once, and in captivity, pregnant mares wean their foals earlier than do 531 

nonpregnant females (Pluháček et al., 2007), the actual incidence of 532 

females having successful consecutive pregnancies appears to be low in 533 

the wild. It has been found that few females actually conceive during 534 

their post-partum estrus. Females appear to fall into two distinct 535 

reproductive patterns following parturition and during lactation, in which 536 

some resume normal estrus cycling after their post-partum estrus and 537 

generally conceive around four weeks later, while other females do not 538 

resume normal cycling until 10-16 weeks post-partum (King, 1965), 539 

effectively experiencing a post-partum anestrus. Nonetheless, it is the 540 

case that female plains zebras are theoretically capable of normally 541 

ovulating and conceiving while lactating a dependent foal. 542 

However, few mares in the wild appear able to sustain successive 543 

pregnancies. The average inter-birth interval in one population was found 544 

to be 462 days (Barnier et al., 2012), increasing by an average of 88 days 545 

when the offspring was a male. These findings are comparable to those 546 

of Klingel (1969), who observed 120 mares across three years and found 547 

that only 15% had three foals, while 33% had two, 42% had just one, and 548 

10% had no offspring. Our population follows a similar pattern to those 549 

observed by Klingel (1969). When we look at a subsample of 619 mares 550 

across a five-year period, 41.6% had only one foal, 15.1% had two, 5.8% 551 
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had three, and 1.9% had four, while just two mares managed to have a 552 

foal in each of five consecutive years.  553 

This potentially long inter-birth interval is notable when taken relative to 554 

the average male-female bond in our population, which is just over 3.5 555 

years. As just over 40% of mares will only have one foal within this 556 

period, a given stallion is likely to have only one to two chances to 557 

successfully reproduce with each female in the harem before his odds of 558 

being deposed begin to increase, especially in larger harems (Vitet et al., 559 

2021). As a result, any foal born in the harem that is not his may be a 560 

significant risk to a stallion’s reproductive potential by reducing a mare’s 561 

likelihood of bearing another foal, possibly for many years. Attempting 562 

infanticide may act to reduce the latency of a mare giving birth to a 563 

surviving foal by redirecting maternal energy to future offspring. In the 564 

feral horses of Shackleford island, mares that lose their foals were found 565 

to be more likely to conceive, either in the same season or the next, 566 

depending on timing of foal death (Rubenstein & Nuñez, 2009).  A 567 

comparison of interbirth interval between wild plains zebras whose foals 568 

did or did not survive would be critical to assessing the extent to which 569 

foals impose reproductive costs on mares. 570 

There may also be social costs to possessing and raising a foal that have 571 

consequences for the entire harem, and especially the stallion. Lactating 572 

females need to drink more than non-lactating females, and therefore can 573 

sway group movements by leading the harem to water more often 574 

(Fischhoff et al., 2007). Water is a risky social environment for harems, 575 

as bachelors preferentially select habitat around waterholes to congregate 576 
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and graze, where they have a greater chance of encountering separated 577 

females (Supplemental material 13). This habitat selectivity by bachelors 578 

makes each journey to water a potentially costly activity for stallions, 579 

increasing their risk of expensive fights or losing females. Stallions also 580 

invest in direct protection of the foal, including defending them from 581 

extra-harem harassment, such as the approach of interested juvenile 582 

females (pers. obs.), a diversion from the already multiplex suite of 583 

responsibilities stallions must balance, including deflecting bachelor 584 

harassment, socializing with other stallions to reenforce social 585 

relationships, and vigilance against predators (Rubenstein, 1994). 586 

Stallions may even be important investors in the socialization of foals, as 587 

has been suggested in horses (Šandlová et al., 2020). Therefore, the 588 

presence of dependent offspring may impose physical costs not only on 589 

females, which affects a stallion’s likelihood of reproduction, but also on 590 

the male himself in the form of increased social and energetic 591 

expenditure. A stallion would benefit from ensuring any foals he invests 592 

in are his own, potentially incentivizing behaviors to ensure his paternity 593 

certainty, including infanticide. 594 

4.3. Female-female cooperation as a counterstrategy 595 

Finally, female counterstrategies may contribute to the apparent rarity of 596 

this event in relation to its theoretical benefits for males. This 597 

observation of female-female cooperation as a behavioral counterstrategy 598 

presents an intriguing piece of evidence for infanticide’s existence as a 599 

threat in the evolutionary history of plains zebras, suggesting there may 600 
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have been a selection pressure for cooperation between unrelated 601 

females. Partial third-party interventions, where an individual intervenes 602 

in a conflict to actively support one of the participants, are both socially 603 

and energetically costly by exposing the interferer to potential harm, and 604 

are most often explained in terms of kin-selection (white-faced capuchins 605 

Cebus capucinu Perry et al., 2009; hyenas, Smith et al., 2010; captive 606 

white lipped peccaries Tayassu pecari, Leonardo et al., 2021), though 607 

reciprocity, dominance assurance, and direct benefits can also lead to the 608 

emergence of coalitionary support, especially between non-kin (Smith et 609 

al., 2010; Leonardo et al., 2021). While this is the first published report 610 

of coalitionary support in plains zebras, this sort of cooperative 611 

intervention has been observed in other equids (Feh & Munkhtuya, 2008; 612 

Cameron et al., 2009), as well as in our population as cooperative 613 

defense against unwanted harassment and/or sexual attention from males 614 

(pers. obs.).  615 

Elevated aggression towards other group members immediately 616 

following parturition has been reported in female plains zebras (Klingel, 617 

1974), who are described as indiscriminately warding off any member of 618 

the harem in the first few days. In contrast with these reports, Matilda’s 619 

aggression during this event appeared to be singularly directed at 620 

Aethelwulf, while Elanor was permitted to remain near her and the foal. 621 

There were even instances when Matilda initiated proximity between 622 

herself and Elanor. This behavior further supports our observation that 623 

Elanor was acting in support of Matilda and raises the possibility that 624 

such cooperation against male harassment is more prevalent than 625 
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previously appreciated. The possibility of coalitionary support could 626 

significantly affect a stallion’s perceived costs of attempting infanticide, 627 

especially in a relatively sexually monomorphic species (females 220 kg, 628 

males 250 kg; Kingdon, 1979). It could be that, compared to other 629 

systems wherein infanticide is more prevalent, females and infanticidal 630 

males are relatively evenly matched at this stage in the evolutionary arms 631 

race. 632 

Closing Remarks 633 

The presence of infanticide in the plains zebra remains a controversial 634 

phenomenon with limited data in wild populations. This is one of the 635 

first reports of an apparent infanticide attempt in wild plains zebras, as 636 

well as, to our knowledge, the first report of female-female cooperation 637 

in this species. While we agree with previous findings that the 638 

demographic signal of this phenomenon is likely low compared to other 639 

causes of infant mortality, especially predation, we suggest that 640 

infanticide may still represent a real social strategy with potential fitness 641 

consequences. We further suggest that infanticide may be direct or 642 

indirect, with the harassment and distraction caused by male aggression 643 

increasing a young foal’s chances of dying by other causes, such as 644 

predation or starvation. We urge for further investigation deploying 645 

methods amenable to documenting rare social events, namely intensive 646 

focal follows of known harems, to fully quantify the incidence of this 647 

behavior at the species level, as well as to characterize potential variation 648 

in its occurrence at the population and individual scales.  649 
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Figures 820 

Figure 1: Photographs (from left to right) of Matilda, Elanor, and 821 

Aethelwulf. Field notes for identification: Matilda left side—short notch 822 

black stripe on middle of back. Elanor left side—large, black “W” shape 823 
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on side. Aethelwulf left side—black, right branching phylogeny on side. 824 

Photos by S. Hex. 825 

Figure 2: Matilda kicking Aethelwulf while interposing between him and 826 

her foal. Still from video by M. Ng’aske. 827 

Figure 3: Aethelwulf kicking Matilda as she pushes her foal away. Still 828 

from video by M. Ng’aske. 829 

Fig 4: Elanor kicking at Aethelwulf as she interposes, allowing Matilda 830 

and her foal to pass. Still from video by M. Ng’aske. 831 

Fig 5: Social network of Aristocrats harem, showing proximity within (a) 832 

one body length and (b) five body lengths. Line width indicates strength 833 

of association, with thicker lines denoting more frequent associations. 834 

Lines coloured purple are those where the association frequency is 835 

greater than the mean association frequency seen within the harem. 836 
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