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Abstract
From population estimates to social evolution, much of our understanding of the family Hyaenidae is drawn from studies of 
known individuals. The extant species in this family (spotted hyenas, Crocuta crocuta, brown hyenas, Parahyaena brunnea, 
striped hyenas, Hyaena hyaena, and aardwolves, Proteles cristata) are behaviorally diverse, presenting an equally diverse 
set of logistical constraints on capturing and marking individuals. All these species are individually identifiable by their coat 
patterns, providing a useful alternative to man-made markings. Many studies have demonstrated the utility of this method in 
answering a wide range of research questions across all four species, with some employing a creative fusion of techniques. 
Despite its pervasiveness in basic research on hyenas and aardwolves, individual identification has rarely been applied to 
the conservation and management of these species. We argue that individual identification using naturally occurring mark-
ings in applied research could prove immensely helpful, as this could further improve accuracy of density estimates, reveal 
characteristics of suitable habitat, identify threats to population persistence, and help to identify individual problem animals.
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Introduction

Our understanding of the biology of many mammals, includ-
ing mammalian carnivores, has been greatly enhanced by 
studies of individually recognizable animals (Clutton-Brock 
and Sheldon 2010; Schneider et al. 2019; Karczmarski et al. 

2022a, b). Such studies have shed light on demography, nat-
ural selection, life histories, ontogeny, social behavior, and 
intrapopulation variation in diverse species and populations 
(Clutton-Brock and Sheldon 2010). In free-living popula-
tions, however, capturing and marking individuals (Mills 
1982a, 1983a, b) may be impractical due to limited funds, 
difficulty obtaining permits, rarity or elusiveness of subjects, 
or—in some group-living species—a large number of sub-
jects, making it impractical to capture every individual in the 
study population. Individual identification using naturally 
occurring markings is a practical, cheap, and noninvasive 
alternative to capturing and marking wild animals (Powell 
and Proulx 2003; Mendoza et al. 2011; Kelly et al. 2012; 
Schneider et al. 2019). This method has been applied to 
various mammalian carnivores with unique pelage patterns 
(Karanth and Nichols 1998; Heilbrun et al. 2003; Harihar 
et al. 2010). Even in more subtly marked species, individu-
als can be consistently differentiated using whisker patterns 
(Anderson et al. 2007; Osterrieder et al. 2015; Elliot and 
Gopalaswamy 2017), coloration, facial markings, leg and 
tail markings, body and tail structure or carriage, kinks in 
tails, ear nicks, or scars (Trolle et al. 2006; Kelly et al. 2008; 
Sarmento et al. 2009; Zheng et al. 2016). Natural mark-
ings are used to identify individual animals both in direct 
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observations (Smith et al. 2017) and during use of camera 
traps (Dheer et al. 2022).

Studies of individually known members of the family 
Hyaenidae have proven particularly fruitful. This family 
contains only four extant species, but these species exhibit 
impressive diversity in morphology, diet, and social organi-
zation. The three bone-cracking hyena species include spot-
ted (Crocuta crocuta), brown (Parahyaena brunnea), and 
striped (Hyaena hyaena) hyenas. Although spotted hyenas 
kill most of their own prey, the other two bone-cracking 
forms live mainly on carrion. In contrast, aardwolves (Pro-
teles cristata) feed almost exclusively on termites. These 
species span a wide spectrum of social behavior, from aard-
wolves, which are solitary except when breeding, to spot-
ted hyenas, which sometimes live in the largest groups of 
any terrestrial carnivore (Green et al. 2018). The diversity 
within this family makes these species excellent models for 
basic research. Furthermore, human–hyena conflict and the 
Near Threatened status of brown and striped hyenas (Abi-
Said and Dloniak 2015; Wiesel 2015) suggest that further 
study of these animals should facilitate their conservation 
and management.

In this review, we briefly describe the morphology and 
ecology of each extant species in the family Hyaenidae and 
describe how best to distinguish individuals based on their 
unique markings. We then highlight studies of demographic 
and socioecological processes that illustrate the utility of 
individual identification in studies of free-living hyaenids. 
Finally, we discuss previous applied work using individual 
identification, and identify important gaps in our knowledge 
of hyaenids that could be filled using the identification meth-
ods we describe.

The four extant hyaenid species

Spotted hyenas are large, gregarious carnivores that occur 
throughout much of sub-Saharan Africa. Adults typically 
weigh roughly 55.00 kg and stand 0.77–0.80 m tall at the 
shoulder, with females being about 10% larger than males 
(Swanson et al. 2013), making spotted hyenas the largest of 
the extant hyaenids. Their fur ranges in color from sandy to 
grey or brown, with dark spots on their flanks, backs, rumps, 
and legs (Holekamp and Kolowski 2009). The spotted hyena 
is the only extant hyaenid whose post-cranial anatomy is 
adapted for cursorial hunting of medium- and large-sized 
herbivores, and 65–95% of their diet consists of prey they 
kill themselves (Holekamp and Dloniak 2010). Spotted 
hyenas exhibit social behavior convergent with that of cer-
copithecine primates. They live in stable, fission–fusion 
social groups, called “clans,” that may contain up to 126 
individuals (Green et al. 2018). Each clan is structured by a 
linear dominance hierarchy in which adult females outrank 

most breeding males. Although they are experiencing global 
decline, spotted hyenas are still abundant throughout sub-
Saharan Africa, and are listed as a species of Least Con-
cern by the International Union for Conservation of Nature 
(IUCN; Bohm and Höner 2015).

Brown hyenas occur in southern Africa, where they are 
widespread throughout Botswana (Winterbach et al. 2017) 
and most of Namibia (Wiesel 2015). They also occur in 
Angola, Zimbabwe, and South Africa. Body size varies 
regionally, with adults weighing 28.00–47.50 kg, and typi-
cally standing around 0.74 (females) or 0.79 (males) m tall 
at the shoulder (Holekamp and Kolowski 2009). Their long, 
shaggy fur is dark or reddish brown on their torsos and has 
a lighter tawny color on their necks and shoulders. The face 
is covered with short, dark hair, and their front and hind legs 
are striped. They are opportunistic foragers, feeding mainly 
on vertebrate remains. Hunting plays a minor role in this 
species, although brown hyenas living along the southern 
Namib Desert coast regularly kill Cape fur seal (Arctocepha-
lus pusillus pusillus) pups at mainland seal colonies (Wiesel 
2010). Brown hyenas live in small clans of 4 to 14 individu-
als, within which females sometimes breed cooperatively 
(Mills 1982b, 1990). Males either remain in their natal clan, 
disperse to a new clan to breed, or become nomadic breed-
ers. The IUCN lists this species as Near Threatened, with a 
population estimate of fewer than 10,000 mature individuals 
(Wiesel 2015).

Striped hyenas have the largest geographic range of the 
extant hyaenids, stretching from the northwestern coast 
of Africa and as far south as Tanzania, through the Mid-
dle East and the southern Caucasus, and eastward through 
much of India (AbiSaid and Dloniak 2015) and into Nepal 
(Bhandari et al. 2020). They are smaller than spotted or 
brown hyenas, typically weighing 26.00–41.00 kg and stand-
ing 0.66–0.75 m tall at the shoulder. Striped hyenas have a 
somewhat shaggy appearance, a bushy tail, and the most 
prominent mane of any hyaenid. They have black muzzles, 
black throat patches, and black or brown stripes on lighter 
colored fur (Holekamp and Kolowski 2009). These hyenas 
are omnivorous scavengers that hunt infrequently and oppor-
tunistically (Kruuk 1976; Holekamp and Kolowski 2009). 
Despite their expansive range and ecological importance 
(Beasley et al. 2015), they remain poorly understood. This 
void in information is likely due to their low density, noctur-
nality, elusiveness, the rough terrain they sometimes inhabit, 
and confusion with spotted hyenas where the two species 
co-occur (Kruuk 1976; Holekamp and Kolowski 2009). 
Traditionally, striped hyenas have been considered solitary 
(Kruuk 1976), but recent research suggests that this is not 
the case for all populations (Wagner et al. 2008; Califf et al. 
2020; Tichon et al. 2020). The striped hyena has been extir-
pated from many parts of its range, and populations continue 
to decline globally. Conservation of this Near Threatened 
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species requires further research on its behavior and demog-
raphy (Mills and Hofer 1998; Holekamp and Kolowski 2009; 
AbiSaid and Dloniak 2015).

Aardwolves occur in East and southern Africa (Green 
2015). As the smallest member of the hyena family, they 
typically weigh 8.00–12.00 kg and stand 0.45–0.50 m tall at 
the shoulder (Holekamp and Kolowski 2009). Aardwolves 
feed predominantly on termites (Trinervitermes spp.; Kruuk 
and Sands 1972; Koehler and Richardson 1990; Anderson 
2013; Green 2015). They are primarily nocturnal and for-
age alone (Smithers 1983; Koehler and Richardson 1990; 
Anderson 2013). During the breeding season, mated pairs of 
aardwolves occupy a territory with their youngest offspring 
(Koehler and Richardson 1990; Richardson 1991). The con-
servation status of aardwolves is listed as Least Concern, and 
their global population is considered stable (Green 2015).

Individual identification by naturally 
occurring markings

All four hyena species have unique coat patterns that are 
consistent throughout the animals’ lives. Individuals can be 
distinguished using these markings and any other unique 
characteristics, such as scars or ear damage. To avoid misi-
dentification, reference photographs must be maintained for 
each study population, preferably including high-quality ref-
erence photos of the left and right sides of each animal, as 
the markings on the two sides differ. Such images can be 
obtained easily by taking video footage of both sides of an 
individual animal as it moves around, freezing the frames in 
which left- and right-side markings are clearest, and printing 
those images. If photographs of each individual’s left and 
right side cannot be matched for any reason, two separate 
sets of records should be kept, one for the right-side images 
and one for left-side images (Karanth 1995), and they should 
be analyzed separately (Gupta et al. 2009; Harihar et al. 
2010; Kent and Hill 2013; Dheer et al. 2022). Identification 
relies on distinctive patterning of the coat in all four species, 
so images need not be in color; in fact, converting photo-
graphs to black and white and increasing the contrast may 
be helpful for maximizing clarity of coat patterns. Images 
may be annotated with other useful, unique physical charac-
teristics. These databases require upkeep as new individuals 
are born or immigrate and existing hyenas develop new scars 
or injuries, emigrate, or die. Digital reference photographs 
of known individuals may be most useful for identifying 
animals in camera trap images, as they allow the observer to 
zoom in on individual body parts (Henschel and Ray 2003). 
Although future technological advances may lead to digital 
devices that are practical for field identification, in general, 
hard copies of reference photos are currently necessary for 
identification during direct observations. Hard copies of 

reference photos also serve as invaluable backup records. 
If time allows, photographs can be taken of individuals in 
the field and immediately compared to the reference photos 
to confirm identities. It is important that the observer uses 
spots or stripes from multiple body parts whenever possible 
to confirm an identity. Before they can identify individu-
als without their work being checked by an expert, observ-
ers need a substantial period of training. An expert should 
observe their work and decide when new observers are ready 
to work independently. Ideally, two or more independent 
observers will confirm each identity.

Spotted hyenas

Long-term (1979 to present, Holekamp and Strauss 2020; 
1987 to present, Hofer and East 1993) and shorter term 
(Henschel and Skinner 1990) studies of spotted hyenas 
demand that observers be able to recognize each hyena 
individually based on its unique spot patterns, ear damage, 
and other permanent markings (e.g., missing tail, signifi-
cant scars). Fortunately, except after mud-bathing, individu-
als are recognizable, as they have unique, permanent spot 
patterns that vary among individuals (Fig. 1). The Mara 
Hyena Project (Kenya) maintains a photo album for each 
of its study clans showing left- and right-side spot patterns 
of each clan member (Fig. 2a). Photo albums for all nearby 
study clans are also carried in each research vehicle during 
data collection. Position and shape of ear damage (e.g., cut, 
notch, missing ear; Fig. 2b), when present, also aids in indi-
vidual identification, but examining spot patterns in refer-
ence photos is critical to confirm identities, even for highly 
experienced observers. Different age-sex classes (i.e., cub, 
subadult, adult female, adult male) have different body-shape 
profiles (Johnson-Ulrich et al. 2018), so organizing photos 
by age-sex class reduces the number of spot patterns one 
must check for confirmation. Further dividing adult hyenas 
into residents and “aliens” can further facilitate the process 
of individual identification. Hyenas that are seen passing 
through the territory of a study hyena clan that are not mem-
bers of that particular clan are considered “aliens”; these 
are often dispersing males. Thus, we recommend organizing 
each photo album into five sections: cubs, subadults, resident 
adult females, resident adult males, and “aliens”.

Spotted hyena cubs are seldom seen aboveground before 
they are a few weeks old. They are born with solid dark 
brown or black natal coats, and, upon first seeing them, 
their age can be estimated to within 7 days based on their 
pelage, size, and other features (Pournelle 1965; Holekamp 
et al. 1996). Although cubs are often difficult to tell apart 
before replacement of the natal coat, this can sometimes 
be done based on slight differences in fur color, size differ-
ences, patterns of abrasion on the skin covering the carpal 
bones, small nicks in the ears (often inflicted during the 
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early fighting between litter-mates; Frank et al. 1991; Fig. 3), 
and differential patterns of scarring on cubs’ backs, necks, 
and shoulders. Although female spotted hyenas have male-
like genitalia, one can determine the sex of each cub older 
than a few weeks by using the dimorphic morphology of 
the glans of the erect phallus (Frank et al. 1990; Drea et al. 
1999; Cunha et al. 2003; McCormick et al. 2021; Dheer 
et al. 2022). Cubs change somewhat in appearance as they 
grow, mainly due to having fur of variable length and tex-
ture between consecutive molts, but, once the spot pattern 
appears, it never changes. The spots typically begin to fade 
by the time a hyena reaches its mid-teens and continue fad-
ing as the hyena ages. The oldest hyenas recorded by the 
Mara Hyena Project were 26 years old at the time of their 
deaths.

There is a lack of consistent criteria to define age-sex 
classes of spotted hyenas, and definitions of the age classes 
used are project-specific (e.g., Trinkel et al. 2004; Höner 

et al. 2005; Belton et al. 2018). For example, Holekamp 
et al. (2012) consider hyenas to be subadults once they are 
no longer dependent on the communal den, which typically 
happens at 9–12 months of age, whereas Kruuk (1972) 
defines subadults based on a specific range of tooth-wear 
values. Similarly, females may be considered adults when 
they are first known to conceive litters, when their teeth 
are worn down to a certain degree, or when they reach a 
specific age.

Brown hyenas

Before the advances of digital photography and camera 
trap technologies, triangular ear notches were cut into 
brown hyenas’ ears for quick individual identification 
(Mills 1982a, 1983a, b). However, because man-made 
and natural ear notches may change over time (Fig. 4), 

Fig. 1   Photographs of two different hyenas in the Maasai Mara 
National Reserve, captured on different occasions. These photographs 
were all taken manually by observers in the field, using digital cam-
eras. Contrast, brightness, and sharpness were edited to enhance vis-
ibility of spots. Shown here are reference photographs of the right (a, 
c) and left (b, d) sides of a female hyena named Pike. Spotted hyenas’ 
spots are not bilaterally symmetrical, so reference photographs should 
ideally show both sides. Her identity may be confirmed by compari-

son of her spot patterns on her right and/or left shoulder(s), flank(s), 
hip(s), and legs. Spots from multiple body parts should be used, but 
the specific parts used may depend on visibility (e.g., whether grass is 
in the way, whether the hyena is muddy, or depending on the animal’s 
posture or the angle from which the animal is seen). The right (e) and 
left (f) sides of a different hyena, a male named Kaikura, are quite 
distinct from Pike’s
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they are not a reliable stand-alone method of identification. 
Instead, the Brown Hyena Research Project (Namibia) 

distinguishes individuals by the unique stripe patterns 
on their fore- and hindlegs. Brown hyena cubs have no 
solid natal coat, and their leg stripes are faintly visible 
from birth, and become clearer as the hyenas grow. These 
stripes are permanent over the course of a hyena’s lifetime 

Fig. 2   a A photo album of one of the Mara Hyena Project’s study 
clans in the Mara Triangle, Kenya. The photo album is organized by 
age–sex class. For each subject, photos of the left and right sides are 
shown together and oriented in the same fashion to facilitate compari-
son across subjects. These photos are updated throughout the hyenas’ 
lifetimes, and each photo is marked with the date taken. Photos are 
edited to increase contrast, so that spots are clearly visible. The posi-
tion and shape of each hyena’s ear damage, if present, are noted on 
reference photos. Whereas a hyena’s spots never change, ear damage 

often varies over a hyena’s lifetime. Therefore, ear damage should 
be used to narrow the list of likely candidates, but final confirmation 
should always rely on examination of spot patterns. b Ears of eight 
different spotted hyenas in the Mara Triangle, Kenya. Ear damage is 
acquired while fighting with conspecifics or other large carnivores. 
Clearly, ear damage among individuals can be quite variable and dis-
tinctive, from a small nick to a missing ear. Photo credit for (a) to 
Erin Person

Fig. 3   Distinct ear damage on a spotted hyena cub with its natal coat. 
This cub, Black Bear, was the only cub at this communal den with 
a slit on this part of its ear (indicated by white arrow), so he could 
be clearly distinguished from the other cubs, including his littermate. 
This allowed researchers to identify Black Bear before he shed his 
black natal coat and developed spots

Fig. 4   A natural ear notch on the right ear of the same brown hyena at 
the ages of five (a) and 15 years (b). The shape of the original notch 
has changed, and new smaller notches have appeared over time
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(Fig. 5), but their appearance is greatly influenced by the 
viewing angle (Fig. 6). The stripes are often indistinct, 
due to the small and round surface area of the legs, and 
the sometimes-changing directional position of the hair. 
Therefore, the combined use of stripes on the anterior, 
lateral, and medial surfaces of the forelegs, stripes on the 
lateral surfaces of the hindlegs, and any ear notches result 

in the highest likelihood of correct identification. Photo-
graphs of the anterior surfaces of the forelegs as well as 
the left and right sides of the body should be maintained 
for identification purposes. Unlike spotted hyenas, female 
brown hyenas do not have masculinized genitalia, but 
external morphology is otherwise similar between sexes 
and they are generally considered to be sexually mono-
morphic (Mills 1982a; Butler-Valverde et al. 2015; Dheer 

Fig. 5   The top row (a–c) 
shows the anterior surfaces of 
the forelegs of a male brown 
hyena named Kai-Alex, and the 
bottom row (d–f) shows those 
of a second male, Lloyd. Kai-
Alex’s leg stripes are the same 
at six months (a) and 2.5 years 
of age (right foreleg, b; left 
foreleg, c). Similarly, Lloyd’s 
foreleg stripes are consistent 
from cubhood (d) to adulthood 
(right foreleg, e; left foreleg, f). 
Photos of leg stripes at 2.5 years 
of age were taken while hyenas 
were anesthetized
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et al. 2022). As a result, it is generally not possible to 
distinguish between males and females in the field without 
capture.

Striped hyenas

Striped hyenas have vertical stripes on their flanks, and 
diagonal and horizontal stripes on all four limbs (Hole-
kamp and Kolowski 2009). They have no natal coat and, 
instead, are born sporting clear, conspicuous stripes 
(Rieger 1979; Bothma and Walker 1999). The position and 
shape of these stripes are consistent throughout a hyena’s 
lifetime, although they may become distorted with sea-
sonal variation in coat length or fade slightly with age 
(Rieger 1979; Jhala 2013). Striped hyenas can be individu-
ally identified by the patterns of stripes and dots on their 
shoulders, flanks, hips, forelimbs, and hindlimbs, as well 
as by any other conspicuous features (e.g., ear notches, 
scars; Fig. 7). Stripes on the hind- (hip and upper hindleg) 
and forequarters (shoulder and foreleg) are the most use-
ful, as they are prominent and vary between individuals 
(Singh 2008; Harihar et al. 2010), while stripes on the 
flank may be distorted by shaggy fur. One should use 
stripe patterns from multiple body parts to confirm indi-
vidual identification (Gupta et al. 2009). Determination 
of sex is difficult without capture (Dheer et al. 2022) but 

may be possible for females that have dependent cubs, for 
example, if they are visibly lactating or being followed by 
their cubs (Alam 2011; Tichon et al. 2020).

Aardwolves

The coats of aardwolves are yellowish in color and the 
face and throat are grayer than the rest of the body. They 
have three or more vertical black stripes on each flank, 
and one or two diagonal stripes across their fore- and 
hindquarters. Irregular horizontal stripes run across the 
legs, and are darkest near their feet. Stripes and spots are 
sometimes present on the neck (Smithers 1983; Koehler 
and Richardson 1990). Individuals can be distinguished 
using their stripe and spot patterns (Richardson 1991; 
Silwa 1996; O’Brien and Kinnaird 2011; Rich et al. 2019; 
Fig. 8). Coat patterns can also be paired with natural scars 
and ear nicks, if present (Richardson 1991; Silwa 1996). 
Natural features have also been supplemented with reflec-
tive collars and man-made ear notches to aid in recognition 
(Richardson 1987a, b, 1990, 1991; Silwa 1996). Visual 
determination of sex is unlikely to be feasible without cap-
ture (Dheer et al. 2022).

Fig. 6   A single female brown 
hyena, Alaika, is shown at the 
ages of five, eight, and 12 years. 
The first frame (a) shows the 
lateral view of Alaika’s right 
foreleg at five (left), eight 
(center), and 12 (right) years of 
age. We can see that the stripes 
are consistent over her lifetime. 
In the second frame (b), we 
see that the anterior view of 
the right foreleg looks quite 
different from the lateral view 
of the same leg, but, again, the 
stripes are consistent throughout 
her lifetime (5 years of age, left; 
8 years, center; 12 years, right). 
Photographs in a and b were 
taken while Alaika was anes-
thetized for handling on three 
different occasions. c Remote 
camera trap images of Alaika 
with sufficient clarity to identify 
her using lateral stripes of 
right foreleg (left, center), and 
insufficient clarity for confident 
identification (right)
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Past and present use in basic research

Our knowledge of the ecology of the four hyaenid spe-
cies has been acquired, in large part, from studies taking 
advantage of natural markings. Here we describe findings 
from selected studies that have used this method to address 
a wide array of research questions about hyaenids. This 
body of literature is vast, particularly for spotted hyenas, 
and this is by no means intended to represent a compre-
hensive overview of the literature. Rather, the studies 
highlighted here are meant to serve as examples of the 
diversity of past and present applications of this method 
and to demonstrate its value in basic research.

Individual recognition of wild hyaenids has greatly 
improved the accuracy with which we can assess their 
demography. Most large carnivores, including hyaenids, 
are rare, elusive, primarily nocturnal, or maintain large 
home ranges, making them difficult to detect (Cozzi 
et al. 2013; Chutipong et al. 2014; Green et al. 2020). 
Low detection probability renders common methods for 
estimating density of large terrestrial mammals, such as 

aerial transects and line surveys, inappropriate for these 
carnivores (Cozzi et al. 2013). Instead, density estimates 
for some large carnivores were historically based on call-in 
(also known as call-up) station surveys and sign surveys 
(most commonly track counts), which are demonstrably 
unreliable (Karanth and Nichols 1998; Kelly et al. 2012; 
Vissia et al. 2021). Photographic capture–recapture anal-
yses of individually identifiable animals in camera trap 
images represents a substantial methodological advance 
over call-in station and sign surveys. Since its first appli-
cation to estimating tiger (Panthera tigris) abundance 
and density in India (Karanth 1995; Karanth and Nichols 
1998), photographic capture–recapture has emerged as a 
powerful method for quantifying population characteris-
tics of elusive carnivores (Treves et al. 2010; Kelly et al. 
2012; Johansson et al. 2020). Camera traps were deployed 
in the field by 2007 for brown hyenas (Thorn et al. 2009), 
2007–2008 for striped hyenas (Gupta et al. 2009; Harihar 
et al. 2010; Singh et al. 2010; Athreya et al. 2013), and 
2008 for aardwolves (O’Brien and Kinnaird 2011). Pho-
tographic capture–recapture has been used to estimate the 

Fig. 7   Left sides of two known striped hyenas in a population near 
Shompole, Kenya. a, b Two images of the same individual, male 
M113, captured on different occasions. M113’s mane is erect in a, 
revealing some stripes on his left flank, but is not erect in b, thus par-
tially covering and distorting these stripes. The stripes and spots on 
the fore- and hindquarters are more useful than the flanks or ears for 
identification of striped hyenas. c, d Two images of a second indi-
vidual, male M114, captured on different occasions. In (c), M114’s 
legs are partially obscured by grass. Leg stripes may certainly be 
useful when visible, but they are more likely to be out of view than 
the shoulders and hips, which also have similarly variable and promi-

nent markings. In this population, many hyenas have a single solid 
stripe over a double stripe on their left hip (white boxes; a, c). As an 
observer becomes more experienced identifying subjects in a given 
population, they should recognize interindividual similarities such as 
this and focus on more variable features (e.g., left thigh stripes, shoul-
der stripes). Therefore, slight similarities among hyenas should not 
necessarily lead to a reduction in accuracy, particularly if observers 
use patterns from multiple body parts to confirm each identification. 
Images captured by handheld digital camera (a) and remote digital 
camera traps (b–d) by Aaron Wagner
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density of spotted hyenas in many countries throughout 
their geographic range, such as Congo (Henschel et al. 
2014; Bohm 2015), Uganda (Braczkowski et al. 2022), 
Kenya (O’Brien and Kinnaird 2011), Botswana (Rich et al. 
2019; Vitale et al. 2020), Namibia (Stratford et al. 2020), 
and South Africa (de Blocq 2014). In rare cases in which 
all study animals were known from extensive long-term 
direct observations, researchers derived precise counts of 
spotted hyenas within their study area (rather than using 
capture–recapture methods to estimate abundance; Watts 
and Holekamp 2009; Green et al. 2018), but extensive 
direct observations yield a better return-on-investment 
for behavioral studies than for population estimation 
(de Blocq 2014). In addition to population size, studies 
of known individuals have yielded estimates of other 
demographic parameters, such as population growth rate 
(Benhaiem et al. 2018; Green et al. 2018; Mandal 2018), 
mortality rate (White 2005; Watts and Holekamp 2009; 
Höner et al. 2012; Mandal 2018), birth rate (Holekamp 
and Smale 1995; Watts and Holekamp 2009), and sex ratio 
(Holekamp and Smale 1995).

Incorporation of environmental data into models of spa-
tial or temporal variation in demographic parameters can 
reveal processes underlying population ecology. For exam-
ple, the past decade has revealed several ecological corre-
lates of striped hyena population characteristics. Singh et al. 
(2010, 2014) found that, unlike in other parts of their geo-
graphic range, striped hyenas in Rajasthan, India occurred 
at higher densities closer to human settlements than farther 
away. They posited that this high density was supported by 
the availability of unexploited livestock carcasses near set-
tlements. They also found rugged terrain and forest cover 
to be important components of suitable habitats for striped 
hyenas in India, likely because they provide undisturbed den 
sites and daytime refugia where hyenas can rest undetected 
by humans and domestic dogs (Singh et al. 2010, 2014). In 
another Indian population of striped hyenas, vehicular traffic 
regulation had tremendous effects on rates of survival and 
population growth (Mandal 2018).

Studies of spatial and temporal variation in population 
size have aimed to illuminate ecological drivers of demog-
raphy in spotted hyenas as well. In the Maasai Mara National 
Reserve, Kenya, the Talek hyena clan, which became known 
as the Talek West clan after a permanent clan fission event 
in 2000, has been studied from 1988 to present. Observers 
know each hyena by its unique natural markings and oppor-
tunistically collect biological samples (for genetic, dietary, 
hormonal, and other analyses) and fit hyenas with collars 
(VHF and/or GPS). The size of the Talek clan remained 
remarkably stable between 1989 and 1995 (Fig. 9; Green 
et al. 2018), given that outbreaks of rabies (1989–1991) and 
canine distemper (1994–1995) decimated sympatric popu-
lations of African wild dogs (Lycaon pictus; Macdonald 
1992; Alexander and Appel 1994; Kat et al. 1995) and lions 
(Panthera leo; Roelke-Parker et al. 1996; Kock et al. 1998), 
respectively. The slight reduction in hyena clan size in 1989 
(Fig. 9; Green et al. 2018) was due to emigration rather than 
increased mortality. This is consistent with previous findings 
documenting strong resistance of spotted hyenas to diseases 
that substantially increase mortality among sympatric carni-
vore species (Alexander et al., 2015; East et al. 2001; 2004; 
Watts and Holekamp 2009). However, disease-induced mor-
tality has certainly been recorded for spotted hyenas (Roe-
lke-Parker et al. 1996), including a Streptococcus outbreak 
that correlated with a 78% increase in mortality and slight 
population decline for 2 years in a spotted hyena popula-
tion in the Ngorongoro Crater, Tanzania (Höner et al. 2006; 
2012). Trends in the size of the Talek West clan (Kenya) 
between 2008 and 2013 reflected the top-down effects of 
human disturbance on spotted hyenas. During this time 
period (2008–2013), livestock grazing inside the Reserve 
increased more than sixfold, resulting in significantly fewer 
sightings of lions, which are the top competitor and mortal-
ity source of spotted hyenas, after humans. Meanwhile, the 

Fig. 8   Incidental photographic captures of aardwolves by remote 
camera traps used by the Brown Hyena Research Project in Namibia. 
a, b Two captures of the same individual, viewed from different 
angles. c A second individual. These two individuals can be easily 
distinguished by the stripes on their shoulders. While individuals can 
often be recognized even when viewed from different angles, apply-
ing bait or taking advantage of natural or man-made trails can help 
position animals relative to the camera lens for optimal visibility
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Talek West clan increased in size by 95%, eventually reach-
ing 126 individuals and making it the largest spotted hyena 
clan ever documented (Fig. 9; Green et al. 2018).

Several studies have investigated ecological correlates of 
brown hyena density. The highest published densities to date 
were found in enclosed reserves (Welch and Parker 2016; 
Edwards et al. 2019), but a substantial proportion of the 
global population may live outside of protected areas (Kent 
and Hill 2013). Some studies have documented suppression 
of brown hyena density by sympatric apex carnivores (e.g., 
spotted hyenas) through competition (Williams et al. 2021), 
while others have found brown hyenas and apex carnivores 
to co-occur at high densities. Co-occurrence could be due 
to high prey density and divergent foraging strategies (hunt-
ing vs. scavenging; Vissia et al. 2021), or because the hunt-
ing activity of apex predators creates additional scavenging 
opportunities for brown hyenas (Yarnell et al. 2013). More 
work is needed to disentangle the environmental drivers of 
brown hyena density.

Behavioral studies of individually recognizable hyaenas 
have allowed researchers to investigate dispersal as well as 
its potential functions. Spotted hyenas exhibit male-biased 
dispersal (Höner et al. 2007), but dispersal processes and 
patterns may vary in different environments. In the Maasai 
Mara National Reserve, Kenya, most males disperse to new 
clans from their natal ones, and dispersers seem to expe-
rience greater mortality than non-dispersers (Smale et al. 
1997), but also more mating opportunities. The reproductive 
success was compared between philopatric males (i.e., adult 

natal males who had not yet dispersed) and immigrant males 
by pairing observational data with genetic samples of known 
individuals from this study population (Engh et al. 2002; 
Van Horn et al. 2004; Watts et al. 2011). Engh et al. (2002) 
reported that, although 20% of the adult males in their study 
clan were philopatric males, they sired only 3% of cubs born. 
Thus, the immigrant males had much higher reproductive 
success than philopatric males who had not dispersed. Engh 
et al. (2002) also found that immigrant males’ reproductive 
success increased with their length of tenure within the new 
clan. However, spotted hyenas in the Ngorongoro Crater, 
Tanzania, exhibited quite a different pattern of dispersal. 
While the majority of males there dispersed, dispersers and 
philopatric adult males distributed themselves similarly 
across clans, electing to join clans with the highest number 
of potential mates, and attained similar fitness (Davidian 
et al. 2016). The difference in patterns between these two 
study sites may reflect either variation in constraints on 
dispersal or variation in the underlying processes of males’ 
decisions to disperse or not, but further work on known indi-
viduals using consistent methodology across study sites is 
needed to address these hypotheses (Davidian et al. 2016). 
Collectively, studies of individually recognizable spotted 
hyenas have revealed that female mate choice drives male-
biased dispersal (Smale et al. 1997; Engh et al. 2002; East 
et al. 2003; Höner et al. 2007; Davidian et al. 2016).

Striped hyenas also seem to be plastic in their dispersal 
behavior. Califf et al. (2020) compared space use of known 
individuals between populations of striped hyenas in central 

Fig. 9   Variation over time in the sizes of six study clans in the 
Maasai Mara National Reserve, Kenya. For each time point, the 
annual mean clan size is shown (with standard error bars when mul-
tiple population counts were performed within the given year). Data 
for each of six study clans, represented by symbols indicated in the 
key at the top left, were included from the first year each was studied 

through 2013. The Talek West clan split into two daughter clans in 
both 1989 and 2000, indicated by horizontal black bars over the data 
points. Each of these two clan fissions resulted in a reduction in size 
of the parent clan, as a subset of this clan’s members left to form a 
new clan in each case. Reproduced from Green et al. (2018) with per-
mission from Biodiversity and Conservation
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(Laikipia) and southern Kenya (Shompole). Whereas food 
resources in Laikipia were relatively scarce, they were 
plentiful in Shompole. Striped hyenas in these two popu-
lations showed very different dispersal patterns, with Lai-
kipia females dispersing (Califf et al. 2020), while Shom-
pole females were philopatric (Califf et al. 2020). Females 
in central Laikipia may have dispersed to avoid competing 
with close kin for food, whereas the high density of prey in 
Shompole allowed females to remain near their natal home 
range (Califf et al. 2020).

Individual identification is particularly critical in stud-
ies of social behavior (spotted hyenas, Frank 1986; brown 
hyenas, Mills 1983a; striped hyenas, Califf et  al. 2020; 
aardwolves, Richardson 1987b, 1991). Repeated behavioral 
observations of individually recognizable spotted hyenas 
allow researchers to determine each individual’s precise 
social rank in its clan, and to track ontogenetic changes in 
individuals’ social ranks (Smale et al. 1993; Strauss and 
Holekamp 2019a). Like many juvenile primates, young spot-
ted hyenas learn their ranks in the clan’s dominance hierar-
chy early in life through a process known as “maternal rank 
inheritance,” where they acquire ranks immediately below 
those of their mothers, and above those of their older sib-
lings (Holekamp and Smale 1991; Engh et al. 2000). Despite 
variability in the timing of rank acquisition among juve-
niles, most young hyenas come to attain the precise rank 
predicted by the rules of maternal rank inheritance. Never-
theless, transient variation in early-life rank acquisition is 
associated with long-term fitness consequences; juveniles 

that “underperformed” at acquiring their expected ranks 
show reduced survival and lower lifetime reproductive suc-
cess than better performing peers, and this relationship was 
independent of both maternal rank and rank achieved in 
adulthood (Strauss et al. 2020). In adulthood, rank changes 
often occur due to passive processes (e.g., births, emigra-
tion), but, on rare occasions, they arise from active processes 
(e.g., rank reversals; Strauss and Holekamp 2019b). That 
is, individual adult females who repeatedly form coalitions 
with their top allies may improve their position in the clan’s 
hierarchy, suggesting that social alliances facilitate revolu-
tionary social change. Using lifetime reproductive success 
as a fitness measure, Strauss and Holekamp (2019b) dem-
onstrated that these status changes can have major fitness 
consequences. Furthermore, these fitness consequences may 
increase over multiple generations (Fig. 10), as small dif-
ferences in social rank become amplified over time. Thus, 
knowing each hyena individually allows investigation of 
rank changes within individuals’ lifetimes, as well as the 
fitness consequences that unfold over many generations.

Camera trapping has scarcely been used to study spotted 
hyena sociality, but a recent pioneering study (Stratford et al. 
2020) suggests that camera traps can be used to shed light 
on the diversity in group composition and dynamics within 
this species. Clan size of spotted hyenas is highly varia-
ble, ranging from six to over a hundred individuals (Kruuk 
1972; Green et al. 2018), depending on environmental fac-
tors (Stratford et al. 2020). Extensive direct observations 
have been used to study the social structures of several large 

Fig. 10   Representation among 
adult female spotted hyenas 
of the Talek clan at decade-
long intervals (Holekamp and 
Strauss 2020) of descendants 
of the original 19 adult females 
studied by Frank (1983). Repro-
duced from Holekamp and 
Strauss (2020) with permission 
from Integrative and Compara-
tive Biology
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clans of spotted hyenas in grassland ecosystems (Hofer and 
East 1993; Holekamp and Strauss 2020), where relatively 
high visibility makes such observations possible. However, 
direct observations are challenging in dense forests and rug-
ged terrain, so little is known about the social structure of 
spotted hyenas living in smaller clans in these environments 
(Stratford et al. 2020). Stratford et al. (2020) demonstrated 
the utility of camera traps to fill this gap in knowledge using 
individual identification. They deployed camera traps at 
waterholes in a Namibian game reserve to capture images 
of resident hyenas. They used the photographic captures to 
estimate clan size, assign clan membership, and estimate 
individuals’ connectedness within their clan (Stratford et al. 
2020).

Studies of known individual striped hyenas have recently 
revealed that these animals are not strictly solitary, as previ-
ously thought, and that their social behavior varies greatly 
among populations under different ecological conditions. 
For example, Califf et al. (2020) found that females in the 
resource-rich Shompole region exhibited high home range 
overlap, particularly between kin, whereas those in the 
resource-poor Laikipia region exhibited no home range 
overlap. In the Laikipia population, most females’ territories 
were occupied by at least one male (Wagner et al. 2008). In 
fact, although striped hyenas typically forage solitarily, many 
studies have observed social aggregations (Wagner 2006; 
Tichon et al. 2020), particularly at active dens. Alam (2011) 
observed groups of three to eight striped hyenas gathering 
at a single den, and cubs from previous litters often helping 
to rear their younger siblings, sometimes even provisioning 
them with food (Alam 2011; Mandal 2018). Recently, den-
sharing by a pair of closely related female striped hyenas 
was documented in Shompole (Spagnuolo 2016; Califf et al. 
2020).

Future directions in basic research

There are countless potential future directions for the role 
of individual identification in basic research on wild hyenas 
and aardwolves. Camera traps could be used to expand our 
knowledge of brown hyenas, striped hyenas, and aardwolves, 
as well as spotted hyenas inhabiting dense forests and rug-
ged terrain; these are currently poorly understood, especially 
compared to our knowledge base about the spotted hyena 
populations inhabiting grassland ecosystems (Dheer et al. 
2022). For example, camera traps can be effective at collect-
ing data on the two most elusive hyaenids, striped hyenas 
and aardwolves, the basic biology of which remain poorly 
understood. Striped hyenas and aardwolves are nocturnal, 
persist at low densities, and inhabit rugged terrain, mak-
ing them difficult to detect. In areas thought to be occupied 
by residents of these species—based on reported sightings, 

presence of spoor or scat, or by-catch data from camera trap 
studies of other species—camera traps can be strategically 
placed to capture images of striped hyenas or aardwolves 
(Schuette et al. 2013). That is, camera traps can be sys-
tematically distributed on a grid (optionally baited with an 
attractant) or placed at points of interest, such as waterholes, 
artificial or natural trails, known dens, or locations where 
spoor, scat, or direct sightings have been reported recently. 
If sufficient data can be obtained, then density, space use, 
movement, and activity patterns could be assessed. For 
striped hyenas, if the goal is to investigate social group 
size and composition, fission–fusion dynamics, or social 
networks, camera traps will likely need to be stationed at 
active dens, because this species typically forages solitarily 
but sometimes convenes at dens. These camera traps should 
be equipped to capture short videos, because higher quality 
behavioral data can be extracted from videos than from still 
images alone.

For all four hyaenid species, more work is needed to 
delineate ecological drivers of demography and behavior. 
Studies should collectively cover the diversity of habitats 
and geographic range of each species. We recommend cam-
era traps for data collection, as these can be used even for 
elusive populations in dense vegetative cover or rough ter-
rain (Treves et al. 2010; Kelly et al. 2012; Johansson et al. 
2020). Similar methods must be used across different stud-
ies, so that the findings can be compared or, ideally, eventu-
ally incorporated into meta-analyses. These methods can be 
adapted as needed for the given species or study area, or to 
meet additional objectives of the research project.

This review presents examples of studies of known indi-
vidual hyaenids across diverse disciplines, and the possible 
future directions are equally diverse. We presented several 
examples of interesting avenues for future research, but the 
possibilities certainly are not limited to those presented here. 
Hyena biologists with research foci other than those touched 
on herein should certainly seek applications that fit their own 
area of research in the literature, or consider new applica-
tions to their interests.

Past and present use in conservation 
and management

Individual identification of hyaenids facilitates research that 
informs conservation and management of free-living popula-
tions. First, individual identification has been employed to 
develop methods for density estimation that are far superior 
to traditional methods (Karanth and Nichols 1998; Treves 
et al. 2010; Kelly et al. 2012; Green et al. 2020; Vissia et al. 
2021). Population density is critical information needed for 
wildlife conservation (Rich et al. 2019), and the IUCN has 
identified estimation of population size as a top research 
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priority for conservation of all four hyaenid species (Abi-
Said and Dloniak 2015; Bohm and Höner 2015; Green 2015; 
Wiesel 2015). Photographic capture–recapture methods have 
been used to estimate density of hyaenid populations, even 
for rare or elusive hyaenids (O’Brien and Kinnaird 2011; 
Alam et al. 2015; Edwards et al. 2019; Vitale et al. 2020; 
Braczkowski et al. 2022) and those occupying areas only 
accessible to researchers on foot (Henschel et al. 2014). 
Accurate estimates of density are important as this allows 
for better estimation of global population size and the des-
ignation of appropriate conservation status (Akçakaya et al. 
2006).

Second, information on hyaenids’ social systems 
gleaned from studies of known individuals may also 
be useful in conservation planning. Camera trap (Man-
dal 2018; Tichon et al. 2020) and observational studies 
(Frank 1986) form the basis of much of our understanding 
of social grouping, which may inform density estimation. 
This body of research has also provided evidence of coop-
erative breeding in brown hyenas (Mills 1990) and, more 
recently, in striped hyenas (Alam 2011; Spagnuolo 2016; 
Mandal 2018; Califf et al. 2020). This knowledge may 
help to predict how reduced social group sizes (resulting 
from declines in population density) may affect reproduc-
tive success in cooperatively breeding populations (van 
der Meer et al. 2013; Tichon et al. 2020).

Our knowledge of population connectivity has ben-
efited from direct observations of spotted hyenas bearing 
unique natural markings, sometimes paired with comple-
mentary data from radio collars, GPS collars, or genetic 
samples. The resultant findings have illuminated patterns 
of space use and movement, including natal dispersal 
(Smale et al., 1997; Boydston et al. 2005), and reproduc-
tive success in spotted hyenas (Engh et al. 2002; Watts 
et al. 2011). Gene flow among spotted hyena clans may 
have important implications for metapopulation persis-
tence (McCullough 1996; Hanski and Simberloff 1997; 
Dolrenry et al. 2014).

Finally, individual identification of hyaenids can be 
used to investigate their role within the ecosystem, to the 
benefit of multiple species. Ongoing research into predic-
tors of demographic parameters identifies components of 
suitable habitat and threats to hyaenid population persis-
tence (Singh et al. 2010, 2014; Mandal 2018), which may 
be directly targeted by conservation efforts. Camera traps 
can be used to monitor multiple species within the same 
study area (Kelly et al. 2012; Green et al. 2020). Illumina-
tion of the dynamics within large carnivore guilds, as well 
as the ecological relationships among carnivores and their 
wild and domestic prey (Green et al. 2018), may enable 
scientists and practitioners to foresee the consequences of 
changes within one species or trophic level for other sym-
patric species. Spotted hyena movement may also shed 

light on impending shifts in the sympatric large carni-
vore community; Green et al. (2019) found that, within 
spotted hyena territories, the areas frequented by low-
ranking (rather than high-ranking) hyenas and in which 
hyenas moved at the highest speeds exhibited declines in 
carnivore species richness in the following months. The 
spatial resolution of this analysis was small (200 × 200 m 
cells), much smaller than a large carnivore’s home range, 
so this may reflect changes in space use by sympatric car-
nivores rather than their density in the study area. More 
research is needed to explore this relationship, to unravel 
the underlying mechanisms, and to determine appropriate 
applications to conservation and management.

Future directions in conservation 
and management

Many practical applications of individual identification of 
hyaenids remain unexplored. One potential application is 
the identification of population sinks. Source–sink theory 
posits that average fitness varies across subpopulations 
within a metapopulation due to variable habitat quality. 
Subpopulations inhabiting patches of high-quality habitat 
(source populations) are expected to experience high fit-
ness, thus producing a surplus of individuals, while sub-
populations inhabiting poor-quality habitats (sink popu-
lations) experience low fitness, with mortality exceeding 
local recruitment, resulting in a population deficit (Pulliam 
1988; Kristan 2003; van der Meer et al. 2015; Kelt et al. 
2019). Population sinks are maintained by immigration 
from source populations (Pulliam 1988). A common exam-
ple of source-sink dynamics in large carnivores is edge 
effects on populations in protected areas; that is, conflict 
with humans along the boundaries of protected areas often 
turns border areas into population sinks, with populations 
in core areas acting as sources (Woodroffe and Ginsberg 
1998; Balme et al. 2010). Knowledge of edge effects have 
been used to improve conservation and management of 
leopards in South Africa, potentially to the benefit of 
other carnivores, including spotted hyenas (Balme et al. 
2010). Several studies have found evidence of edge effects 
on probability of population persistence (Woodroffe and 
Ginsberg 1998) and mortality (Newmark 2008; Pangle and 
Holekamp 2010) of spotted hyenas, but there is still much 
work to do in this area.

More urgently, we encourage researchers to take advan-
tage of hyaenids’ unique natural markings to identify eco-
logical traps. An ecological trap represents an extreme 
case of a population sink, in which the animals actually 
prefer the sink to the source area (Gates and Gysel 1978; 
Delibes et al. 2001; Donovan and Thompson 2001). Under 
classical source-sink theory, it is assumed that animals 
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can accurately assess habitat quality and therefore pre-
fer source habitat, only immigrating to sink habitat when 
the source habitat is already occupied. When vacancies 
become available in the source area, individuals should 
emigrate from the sink to the source (Kristan 2003; Kelt 
et al. 2019). Through continuous density-dependent immi-
gration, sources and sinks can persist. In fact, sink patches 
may contribute to the persistence of the metapopulation as 
a whole (Pulliam 1988; Howe et al. 1991; Kelt et al. 2019). 
However, when environmental cues are uncoupled from 
true habitat quality—most often through anthropogenic 
disturbance—a population sink may become more attrac-
tive to animals than nearby source areas, representing an 
ecological trap (Gates and Gysel 1978; Delibes et al. 2001; 
Donovan and Thompson 2001). Elevated mortality rates 
in ecological traps create vacancies that invite immigra-
tion from nearby source populations, creating a “vacuum 
effect” that can lead to extirpation of the entire metap-
opulation over time (Balme et al. 2010). Occupancy and 
density data alone are insufficient to identify population 
sinks and ecological traps (Kelt et al. 2019). Rather, the 
relationship between habitat preference and habitat quality 
must be delineated, for example, using data on fecundity, 
mortality, and dispersal over time (Pulliam 1988; Kelt 
et al. 2019). Empirical evidence of ecological traps has 
been found for other large carnivores (van der Meer et al. 
2013, 2015; Lamb et al. 2017), but we are unaware of any 
research on ecological traps for hyaenids specifically. In 
the face of continuing anthropogenic change, ecological 
traps may become increasingly widespread threats to the 
persistence of large carnivore populations (Balme et al. 
2010). This could certainly be the case for hyenas, which 
could potentially be attracted to human settlements (e.g., 
by livestock, crops, or refuse; Kruuk 1976; Kolowski and 
Holekamp 2008; Kissui et al. 2019). Conservation plan-
ning should incorporate identification of and differentia-
tion between conventional population sinks and ecological 
traps (van der Meer et al. 2015).

Increasing anthropogenic disturbance presents many 
natural opportunities to assess the responses of hyaenids 
to human activity. Monitoring efforts should be initiated in 
areas subject to imminent increases in anthropogenic activ-
ity, such as livestock grazing or tourist visitation, to provide 
baseline data. These efforts—whether direct behavioral 
observations or camera trap studies—can run continuously 
or be repeated at future time points using the same methods 
each time to quantify demographic or behavioral changes 
that occur alongside changing levels of human disturbance. 
This same process could also be applied to sites targeted 
for restoration or at which prohibitions against human 
activities are newly enforced to assess resilience of hyaenid 
populations. The COVID-19 pandemic presented another 
natural “experiment,” because travel restrictions interrupted 

ecotourism. In many countries, pre-pandemic data could be 
compared to data collected after the imposition of travel 
restrictions to investigate effects of tourism on hyaenids. 
Anthropogenic removal of sympatric carnivores or natural 
prey could allow researchers to delineate demographic and 
behavioral responses to reduction of apex carnivores (Green 
et al. 2018), mesocarnivores, or prey.

Identification of problem animals (Linnell et al. 1999) 
represents another potential future direction for applied 
research on individually identifiable spotted hyenas. Live-
stock depredation imposes a financial burden on affected 
households and can prompt retaliatory killings of hyenas 
and sympatric carnivores (Kissui 2008). Although we are 
unaware of any studies that sought to determine whether 
livestock depredation is attributable to a subset of problem 
animals, previous research on intrapopulation variation in 
hyaenid behavior suggests that this is likely. First, socioeco-
logical conditions affect space use in spotted hyenas, put-
ting some individuals at higher risk of conflict with humans. 
In the Maasai Mara National Reserve, Kenya, low-ranking 
females without den-dependent cubs maintain the largest 
home ranges of any adult females, particularly in times of 
prey scarcity (Boydston et al. 2003; Green et al. 2019). Upon 
reaching puberty, males begin making exploratory forays 
beyond the boundaries of their territory, and adult males 
maintain larger home ranges than their female clanmates, 
venturing three to four times as far from the center of their 
territory as females (Boydston et al. 2005). Thus, males 
and low-ranking females may be more likely to venture into 
human-disturbed landscapes than high-ranking females, and 
thus experience an elevated risk of human-caused mortality.

Second, hyena personalities may affect individuals’ likeli-
hoods of engaging in conflict with humans. Animal person-
ality refers to individual variation in behavioral traits such 
as boldness, neophobia, and exploration that is consistent 
across time and context (Yoshida et al. 2016; Greenberg and 
Holekamp 2017; Turner et al. 2020). Individual personali-
ties converge to affect population responses to novel envi-
ronmental conditions, such as human disturbance (Merrick 
and Koprowski 2017). Greenberg and Holekamp (2017) and 
Turner et al. (2020) found that spotted hyenas from highly 
human-disturbed areas were less bold, less neophobic, and 
more exploratory than those in areas of low human distur-
bance. Boldness was negatively correlated with survivorship 
to adulthood in populations exposed to both low and high 
human disturbance. The relationships among intrapopula-
tion variation in behavioral traits (personality) and space 
use have yet to be empirically studied in the context of 
human–hyena conflict.

If livestock depredation varies among individual spotted 
hyenas, one would also expect to observe intrapopulation 
variation in selection of native prey. Currently, the strength 
of individual diet specialization is poorly understood in 
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hyaenids. This could be investigated through behavioral 
observations of hunting and feeding of known individuals 
or by analyzing tissue samples or repeat scat samples from 
known individuals. However, most published studies of scat 
analyses in hyenas used scat from unknown individuals (Hen-
schel and Skinner 1990; Abay et al. 2011; Yirga et al. 2013), 
hindering the study of dietary specialization in hyaenids.

Intrapopulation variation in encounter rates with livestock 
affects livestock depredation risk and represents another 
exciting frontier in human–hyena conflict mitigation. For 
example, a camera trap grid could be placed to cover a 
mosaic of areas of livestock use (e.g., livestock corrals) and 
non-use, large enough to encapsulate at least one entire spot-
ted hyena clan territory. Network analyses can be used to 
identify clans (Vitale et al. 2020), and clan membership can 
be paired with locations of photographic capture events to 
delineate territory boundaries. The camera trap data could 
be analyzed in a spatially explicit capture–recapture frame-
work to estimate the size of a clan whose entire territory is 
included within the camera trap array and encompasses live-
stock corrals. Observers could then determine the number of 
visits to livestock corrals by each individual hyena. Variation 
in corral visit frequency would likely reveal differences in 
individuals’ tendencies to pass through these areas, represent-
ing individual-level differences in encounter rate with live-
stock. We are unaware of any camera trap studies at livestock 
corrals or grazing areas that differentiate among individual 
hyenas. In fact, we are only aware of one study in which cam-
era traps were deployed at livestock corrals (Hoffmann et al. 
2022). In this study, Hoffmann et al. (2022) used camera trap 
data to quantify encounter and attack rates at the species level 
but did not distinguish among individuals of each species. 
Innovative research methods are worthy of exploration, as are 
analytical applications to investigate human–hyena interac-
tions and dynamics in shared landscapes.

Resources for conflict mitigation are limited, so identi-
fication of high-conflict areas is essential. Hyenas who fre-
quent human settlements are likely at a higher risk of human-
induced mortality (e.g., spearing, poison, snares) than others, 
regardless of their interactions with livestock. Individual-
level space use and mortality data from known hyenas could 
be useful in identifying age-sex class and rank of hyenas at 
the highest risk of human-caused mortality. Furthermore, 
by identifying which high-use areas are correlated with the 
highest hyena mortality rates, efforts to reduce human–hyena 
conflict could be concentrated where they are most needed.

Current limitations

Despite its advantages, there are some drawbacks to indi-
vidual identification using natural markings. To demonstrate 
these points, we draw from examples of hyaenids. There are 

certainly limitations of other methods discussed herein, such 
as camera trapping (Green et al. 2020; Dheer et al. 2022), 
but here we specifically focus on the limitations of indi-
vidual identification of hyaenids in both camera trap studies 
and direct observations.

Using naturally occurring markings to identify individu-
als can be time-consuming and is not always reliable. For 
example, one study tested agreement among observers in 
individual identification of striped hyenas from camera trap 
images through a double-blind experiment in which three 
independent observers identified hyenas in 26 photographic 
captures (Harihar et al. 2010), following methods of Kelly 
et al. (2008). All three observers only agreed on the identity 
of the hyena for 76.80% of the capture events (Harihar et al. 
2010).

According to Johansson et  al. (2020), each time an 
attempt is made to identify an individual, there are five 
possible outcomes: correct identification, a splitting error, 
a combination error, a shifting error, or exclusion of the 
datum. A splitting error occurs when the focal individual is 
already present in the dataset but is mistakenly identified as 
a new individual. A combination error occurs when the focal 
individual has not yet been observed but is mistaken for a 
different animal that has already been observed. A shift-
ing error occurs when the focal individual has already been 
observed and is mistaken for a different individual, who has 
also already been observed. Finally, a datum may be deemed 
unusable and excluded from the dataset either correctly (true 
exclusion) or erroneously (exclusion error). A true exclusion 
occurs when identification is truly infeasible, for example, 
due to poor lighting or blockage of the observer's view by 
features of the environment (e.g., tall grass) or another ani-
mal (Kelly et al. 2008; Harihar et al. 2010). An exclusion 
error occurs when sufficient information is available to make 
the identification, but the observer fails to identify the indi-
vidual (Johansson et al. 2020).

Identification errors can skew the results of the studies in 
which they occur. In estimation of population size or density, 
splitting errors lead to overestimation, whereas combination 
errors lead to underestimation (Johansson et al. 2020). Shift-
ing and exclusion errors do not necessarily bias the results 
of traditional capture–recapture analyses but shifting errors 
are problematic in spatially explicit capture–recapture analy-
ses (Johansson et al. 2020). In a camera trap study of 16 
snow leopards, photographic captures had an 8.70% prob-
ability of being excluded from the dataset. Of the remain-
ing photographic captures, the probability of splitting errors 
(9.10%) was far higher than that of combination or shifting 
errors, leading to an overall misidentification rate of 12.50% 
(Johansson et al. 2020). The prevalence of splitting errors 
ultimately inflated the estimated population size by about 
one third (Johansson et al. 2020). Population estimates are 
central to conservation and management planning, and 
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overestimation of population size may potentially under-
mine conservation efforts (Choo et al. 2020; Johansson et al. 
2020). Splitting errors may be the most pervasive error type 
and are especially problematic in studies of threatened and 
endangered species, but more studies of identification error 
are needed to better understand the prevalence of error types 
across species with distinct individual natural markings. The 
other types of error (combination, shifting, and exclusion) 
also have the potential to bias estimates of demographic 
parameters, specifically if they are not randomly distrib-
uted across the population (Johansson et al. 2020), such as 
if some age-sex classes are more difficult to identify than 
others. For example, subadult spotted hyenas go through a 
phase in which they become very fluffy, making their spot 
patterns difficult to see. Additionally, ear damage and scars 
accumulate over a hyena’s lifetime, and are therefore rela-
tively uncommon in young hyenas. On extremely old hyenas, 
on the other hand, spots may fade. For these reasons, it may 
be easier to identify middle-aged hyenas than those that are 
very young or very old. In addition to yielding erroneous 
population estimates (Johansson et al. 2020), misidentifica-
tion can obscure the results of behavioral or genomic studies.

Standards for reporting methods and accuracy of individ-
ual identification are severely lacking. Most studies do not 
describe the methods they used to avoid misidentification, 
provide photographic evidence that individuals can be dif-
ferentiated, or quantify the error rates of identification, thus 
precluding reviewers and readers from critically assessing 
the studies’ reliability and robustness (Choo et al. 2020). In 
summary, the methods by which data on known individuals 
are collected, analyzed, and reported certainly need further 
development. This is not to say that we should not use indi-
vidual identification, but rather to stress the importance of 
quantifying, rectifying, and reporting errors, as well as refin-
ing methods for managing interobserver discrepancies and 
unclassifiable capture events (Choo et al. 2020; Johansson 
et al. 2020).

Future directions in methodology

Many of the current limitations of individual identification 
represent potential targets for methodological improve-
ments. These include observer training, testing for errors, 
error prevention, transparency and accountability in report-
ing, and software to aid observers in identification. We also 
suggest methods by which the resultant data could be used 
to improve parameter estimation and answer novel questions.

More information is needed to determine what specific 
training or experience decreases observers’ misidentification 
rates. Virtual training tools, such as that recently produced 
for photographic identification of snow leopards (Johansson 
et al. 2020), may be helpful in improving training as well 

as in testing identification error. By testing rates of specific 
error types, targeted training approaches and identification 
methods can be identified to avoid the common error types 
(Choo et al. 2020; Johansson et al. 2020). Johansson et al. 
(2020) suggested prioritization of verification of new indi-
viduals, based on the prevalence of splitting errors. When 
feasible, multiple independent observers should identify 
individual animals, and methods for resolving disagree-
ment among observers and management of images deemed 
unclassifiable should be carefully chosen (Choo et al. 2020; 
Johansson et al. 2020). Using multiple independent observ-
ers not only helps to detect and rectify identification errors 
but allows authors to report rates of interobserver agreement. 
Even when errors cannot be effectively rectified, quantifica-
tion of error rates can allow for selection or development 
of modeling approaches that minimize the impacts of these 
errors on the results (Yoshizaki et al. 2009; Mendoza et al. 
2011; Johansson et al., 2020). To achieve higher transpar-
ency and accountability in reporting, we recommend fol-
lowing the Individual Identification Reporting Checklist 
presented by Choo et al. (2020).

Software programs to automate individual identification 
have been successfully applied to multiple mammal species 
(Bolger et al. 2012; Crall et al. 2013; Schneider et al. 2019; 
Choo et al. 2020), and could potentially be applicable to 
hyaenids in the future. Computer vision has been used to 
assist manual identification by human observers in other 
carnivores with distinct coat patterns, such as cheetahs (Aci-
nonyx jubatus; Kelly 2001), tigers (Hiby et al. 2009), and 
bobcats (Lynx rufus; Mendoza et al. 2011). A computer-
aided approach relies on a human observer to confirm the 
final classification, but can reduce the man-hours needed to 
process large datasets (Kelly 2001) and reduce rates of misi-
dentification (Hiby et al. 2009; Mendoza et al. 2011). Auto-
mated identification methods are currently underdeveloped 
and face many of the same challenges that human observers 
do (e.g., poor image quality, camera angle; Johansson et al. 
2020). However, with further development, these methods 
could become highly effective and widely used in the future 
(Schneider et al. 2019). We are unaware of any studies that 
have used automatic methods to identify individual hyae-
nids, but suspect that this would be difficult, especially in 
species whose patterns are especially prone to distortion, 
such as by shifting position of long fur (spotted and striped 
hyenas) or due to camera angle (brown hyenas).

Data from individually identifiable animals can be applied 
to improve model parameter estimation. Counterintuitively, 
although studies of occupancy do not require differentiation 
of individuals, they could still benefit from examination of 
unique markings. Individual identity may be useful in deter-
mining whether or not the assumptions of spatial independ-
ence and population closure have been met (Edwards et al. 
2018). Additionally, further research on personality may 
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better inform estimates of detection probability for hyaenids. 
This research by definition requires individual hyaenids to be 
identified and studied across time and contexts.

New research questions may be addressable by combin-
ing multiple data types. Individually recognizable animals 
can be studied by pairing visual observations (direct or 
through photos) with data collected with either noninvasive 
(Table 1) or invasive (radio collars, Stratford et al. 2020; 
Edwards et al. 2020; biosamples, Engh et al. 2002; Van Horn 
et al. 2004; Watts et al. 2011) methods. Additionally, experts 
could visually identify individuals in geotagged photos of 
sufficient quality submitted by local people or tourists. There 
are also many large datasets of existing images produced 
by camera trap studies that could be used to answer new 
research questions. Thus, advances in methodology of indi-
vidual hyaenid identification could facilitate citizen science 
and new collaborations.

The most vocal hyaenids, spotted hyenas, may be indi-
vidually distinguishable not only through visual identifica-
tion, but possibly through acoustic identification as well 
(Lehmann et al. 2022). Spotted hyenas’ loudest vocaliza-
tions, called “whoops,” are emitted in bouts and can be 
heard from up to five kilometres away (Kruuk 1972; East 
and Hofer 1991a). Whooping serves important functions, 
such as recruiting clanmates to cooperate in defense of a 
shared resource, and are used in various contexts to transmit 
information about the callers’ location, age, sex, affective 
state, and, importantly, identity (East and Hofer 1991a, b; 
Theis et al. 2007; Benson-Amram et al. 2011; Gersick et al. 
2015; Lehmann 2020). Acoustic variation among different 
individuals (signal strength) and consistency of individuals’ 
acoustic signatures over time (signal stability) are necessary 
for acoustic identification of individuals (AIID; Linhart et al. 
2022). If the acoustic variation quantified by Lehmann et al. 
(2022) proves to be consistent over time, as suggested by 
East and Hofer (1991a), then AIID could become a powerful 
tool for studying spotted hyenas.

Vocalizations may be collected through focal or passive 
recording. In focal recording, an observer typically uses 
a handheld microphone and digital recorder. In passive 

recording, vocalizations are captured by autonomous record-
ing units (ARUs) placed in the animal’s environment. Focal 
recording has many benefits, such as yielding high-quality 
samples and allowing the observer to record the emitter’s 
identity, the emitter’s posture and orientation in relation 
to the microphone, the distance between the emitter and 
the microphone, and contextual information. However, 
focal recording is much more time consuming than pas-
sive recording. Using focal recordings for AIID in a cap-
ture–recapture framework is important for feature selection 
and external validation, and can be treated as a pilot study, 
with the ultimate goal of developing methods for AIID using 
passive recording (Linhart et al. 2022). We are unaware of 
any work that has identified individual hyenas based on 
passive recording, but this could be an interesting area for 
future exploration. Next steps should include developing 
software to perform AIID through machine learning and to 
externally validate the results. Additionally, the maximum 
distance at which a whoop can be correctly assigned to the 
emitter should be determined. These steps all require pilot 
data from focal recordings. If whoops can be recorded from 
kilometres away and the emitter accurately identified, then 
an ARU could potentially obtain much more data than a 
camera trap placed at the same location.

Conclusion

The unique markings of hyaenids are indispensable in ongo-
ing research and have greatly enhanced our understanding of 
these species. We have highlighted several interesting studies 
that exemplify this, but this is by no means a comprehensive 
review of the literature built on individual identification of 
hyaenids. In addition to the fields discussed here, this method 
has facilitated studies of hyena cognition (Johnson-Ulrich 
et al. 2020), disease ecology (Höner et al. 2012; Gering et al. 
2020), mate choice (Engh et al. 2002; Szykman et al. 2001), 
behavioral endocrinology (Dloniak et al. 2006; Montgomery 
et al. 2022), and microbiota (Theis et al. 2013; Rojas et al. 
2020), among many others. Comparative work within the 

Table 1   Creative combinations 
of methods used with spotted 
hyenas have allowed researchers 
to collect biological samples 
noninvasively from known 
individuals to pair with direct 
observations. Here, we report 
methods paired with direct 
behavioral observations, the 
type of complementary data 
yielded by this method, and 
citations of researchers who 
have successfully employed this 
fusion

Method(s) Data type Citation(s)

Opportunistically pluck cubs’ hair Genetic Höner et al. (2007)
Necropsies of dead hyenas Genetic Höner et al. (2007)
Feces collection Genetic Watts et al. (2011)
Feces collection Hormones Dloniak et al. (2006)

Van Meter et al. (2008, 2009)
Sampling by saliva stick Hormones Montgomery et al. (2022)
Feces collection Microbiome Rojas et al. (2020)
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family Hyaenidae is especially useful, as the socioecological 
diversity within this family allows investigation of the evolu-
tion of various traits in closely related species and has been 
particularly useful in studies of social evolution and intel-
ligence (Holekamp 2007; Holekamp et al. 2007; Holekamp 
and Benson-Amram 2017; Johnson-Ulrich 2017). Applied 
work with hyenas in situ is timely and important for protecting 
human livelihoods from crop raiding and livestock depreda-
tion, and for conserving rare striped and brown hyenas. Fur-
thermore, results of such studies may help to inform conserva-
tion and management of other large mammalian carnivores or 
even whole ecosystems (Green et al. 2019).

Despite the wealth of knowledge about spotted hyenas, 
many unanswered questions remain, and relatively little is 
known about the other hyaenid species, especially striped hye-
nas. We have identified several of the many gaps in our current 
understanding that can be answered using studies of free-liv-
ing, individually recognizable hyenas or aardwolves. Further-
more, identification by natural markings has been combined 
with other methods to generate novel datasets. For example, 
some studies have fitted subjects with collars to aid in visual 
identification or location of subjects for repeated behavioral 
observations, or to supplement data from direct observations 
with spatial data from GPS collars, while also using coat pat-
terns to differentiate individuals (Richardson 1987a, b, 1991; 
Silwa 1996; Boydston et al. 2003; Califf et al. 2020). Individu-
ally known subjects may also be captured to obtain biosam-
ples to complement behavioral data (Höner et al. 2007; Califf 
et al. 2020). Identification by natural markings has also been 
combined with various noninvasive methods (Table 1) to pro-
duce complementary datasets. Many possible combinations of 
methods have yet to be used for hyenas, such as pairing cam-
era traps with hair snares or identifying prey hair or DNA in 
scat from known individuals to study individual diet variation 
and specialization (Larson et al. 2020). Noninvasive methods 
are unlikely to replace invasive methods completely, but they 
can be beneficial for minimizing stress and risk of injury to 
the animals, circumventing logistical limitations (including 
obtaining permits) and trap shyness, maximizing sample size, 
and detecting elusive species (Kelly et al. 2012).

Noninvasive individual identification has proven critical 
to building our understanding of the demography, social 
behavior, reproduction, and ecology of wild hyenas and 
aardwolves. The literature reviewed herein was selected 
to showcase the value of this method and to showcase the 
diversity of its applications, but we merely scratch the sur-
face of this vast body of work. We encourage researchers and 
conservation practitioners to seek out papers that describe 
the use of this method in their own areas of interest and 
to consider how their current or future projects may ben-
efit from incorporation of individual identification of study 
animals. Researchers already using individual identification 
should strive to meet the criteria specified in the Individual 

Identification Reporting Checklist (Choo et  al. 2020). 
Besides the large body of published work to date, there are 
certainly many unexplored uses of individual identification. 
Researchers should consider new applications of this method 
to address basic research questions and methodological 
advances to address the limitations discussed above. Impor-
tantly, there are many avenues of applied research that have 
gone largely unpursued to date in hyenas, including identi-
fication of problem animals in livestock and crop damage. 
We encourage creative fusions of methods and the applica-
tion of individual identification to basic and applied research 
questions. The methods we have discussed should be useful 
in future studies of wild hyaenids, as well as other mam-
malian carnivores, by facilitating new research, improving 
reliability and transparency of published work, and inform-
ing conservation and management strategies.
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