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ABSTRACT

Wire snares are among the most common and widely-used techniques for illegal harvesting of
terrestrial animals around the world. Recent research has documented the mortality effects of
wire snare poaching on animal populations, but the indirect impacts on the behaviour of
surviving individuals remain largely uninvestigated. We know little about the short- and long-
term effects of snaring injury on the behaviour of animals that survive wire snares. Here, we
present a framework for assessing animal behavioural responses to wire snare poaching. Via the
framework, we highlight the physiological mechanisms underlying animal responses to being
captured, and identify the behaviours affected when animals escape entrapment with injury. We
use evidence from mammal species that commonly escape wire snares to highlight the short- and
long-term effects of snaring injury on individual animal behaviour, and how they can potentially
scale to have population-level consequences. The framework can be used to evaluate the nature
of animal behavioural responses to being captured in snares and the resultant effects on their
fitness and survival. We identify priorities for research as well as management actions to

mitigate impacts of snare injury on animals that survive wire snares.
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1. INTRODUCTION

Trapping animals is a geographically widespread activity practiced by humans for
centuries (Atkeson 1956, Lishak 1976, Englund 1982, Elbroch et al. 2013, de Araujo et al. 2021,
Montgomery et al. 2022). People trap animals for several reasons including harvest for food,
trophies, or medicament (Proulx et al. 2012, Montgomery 2020), as a means of population
control (Quiatt et al. 2002, Mijele et al. 2013), or for research and management purposes
(McCarthy et al. 2013, de Araujo et al. 2021). Research and management trapping often intends
to live capture animals for scientific data collection, monitoring, or relocation (Mowat et al.
1994, Logan 1999, Gompper et al. 2006, Sawaya et al. 2011, Breed et al. 2019, de Araujo et al.
2021). In contrast, trapping for possessions and consumption typically involves the lethal take of
animals, and may be conducted legally or illegally. Though the consequences of widespread
illegal trapping for animal conservation and population persistence have been documented (Gray
et al. 2017, Gray et al. 2018, Belecky & Gray 2020, Figel et al. 2021), the life history costs for

animals that escape from the traps with injury remain largely uninvestigated.

Illegal trapping is a global problem but one that is particularly intense in parts of Sub-
Saharan Africa, Southeast Asia, and South America, regions collectively referred to as the
Global South (Gray et al. 2017, Gray et al. 2018, Belecky & Gray 2020, Figel et al. 2021).
Within these areas, snares are the most common tool used by people to illegally harvest animals
(Gray et al. 2017, Gray et al. 2018, Belecky & Gray 2020, Figel et al. 2021). Snare traps can be
made using a diversity of products from rope to wire (see Box 1). In any case, one end of the
snare is attached to an anchor (i.e., often a tree) and the other made into a noose to capture the
target animal (Mudumba et al. 2021). Even though snares are often set to capture specific

species, the technology is indiscriminate and capable of capturing target and non-target species
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alike (Noss 1998, Gardner 2010, Becker et al. 2013, Campbell et al. 2019, Montgomery 2020).
Snares are commonly deployed in large numbers, and some can remain undetected by both
hunters and law enforcement patrol teams. As such, snares can be a widespread source of
mortality for several species (Becker et al. 2013, Kumar 2015, Gray et al. 2017, Gray et al. 2018,
Campbell et al. 2019, Belecky & Gray 2020, Figel et al. 2021). Once caught however, some
species can break from the snare constriction and often sustain debilitating injuries in the process

(Berchielli & Tullar 1980, Noss 1998, Proulx et al. 2015, Proulx & Rodtka 2017).

Research on the effects of wire snare poaching has tended to focus on direct, mortality-
related impacts (Aziz et al. 2017, Becker et al. 2013). Within that context, rates of animal offtake
and population-level effects of illegal hunting, for example, have been documented (Fa et al.
2005, Ripple et al. 2016, Gray et al. 2017, Gray et al. 2018, Gubbi et al. 2021). Additionally,
some studies have investigated effects on social organization, kinship, and genetic structure
resulting from selective offtake of individuals from animal populations via poaching (Archie &
Chiyo 2012). Other studies have examined the socioeconomic factors affecting why some people
illegally hunt animals (Ceppi & Nielsen 2014, Cawthorn & Hawthorn 2015, Nielsen et al. 2017,
Nieman et al. 2019). In contrast, few studies have examined the mechanistic links between snare
entrapment and the resultant behavioural changes that shape the fitness outcomes of captured
animals. In addition, the life history costs of animals with snare-related injuries have not been
widely studied. Consequently, accurate estimation of population-level effects of snaring would
require examination of life history costs of snaring injuries in addition to the direct mortality
effects. Such knowledge would be integral for management of comparatively long lived and
slow reproducing species of conservation concern that are often caught as bycatch (Loveridge et

al. 2020).



70

71

72

73

74

75

76

77

78

79

80

81

82

83

84

85

86

87

88

89

90

91

92

Injuries sustained when animals escape snare traps can include soft tissue lacerations,
joint dislocations, haemorrhages, severe internal organ damage, broken teeth or amputated limbs
(Kuehn et al. 1986, Olsen et al. 1986, Olsen et al. 1988, Phillips et al. 1996, Obanda et al. 2008,
Proulx & Rodtka 2017; White & Valkenburgh 2022; Bernstein-Kurtycz et al. 2023; Fig. 1). By
altering the normal anatomical functioning of the animal’s body, snare-related injuries may
cause substantial changes to behaviour of affected animals. The extent and type of behavioural
change among snare-injured animals, however, would be expected to depend on the affected
body part, injury severity, environment, as well as species’ trophic position (a quantitative
measure of its energetic interactions) in the food web. For example, limb injuries which reduce
animal movement interferes with ability to locate and compete for resources, mate, and defend
against predators (Noss 1998, Cattet et al. 2008). Ultimately, the injured animal would likely die
prematurely due to infection, predation or starvation (Daoust & Nicholson 2004, Proulx &
Rodtka 2017). Limited empirical investigations as well as lack of synthesis of existing literature
limit our understanding of the extent of behaviour change, morbidity, as well as the short- and
long-term life history costs of bearing snaring injury. Without a comprehensive examination of
the costs of bearing injury among snare survivors, we risk overlooking important conservation
and management considerations that might be useful for population persistence, especially for

species of conservation concern, amidst the increasing the snaring pressure.

In this paper, we present a novel framework for assessing animal behavioural responses
to wire snare poaching. By synthesizing broad literature and theory, we outline the mechanisms
that underpin animal behavioural responses to snaring, from capture to death or escape with
injury. We then discuss the behavioural pathways through which snaring injuries affect the life

history strategies of affected animals. We link the documented animal behaviour changes due to
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snare-related injury to established or hypothesized individual-level survival costs and
population-level consequences. Finally, we explore the conservation and management

implications and discuss the important research gaps in this area of study that need to be filled.

Figure 1. Limb injuries sustained by animals when escaping snare entrapment including a)
Rothschild’s giraffe (Giraffa camelopardalis) b) Chimpanzee (Pan troglodytes) c) African

savanna elephant (Loxodonta africana) and d) African lion (Panthera leo).
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2. FRAMEWORK LAYOUT

The framework describes the pathway from snare capture to behavioural changes which
determine fitness outcomes of affected animals. Thus, the framework is structured around four
sequential dynamic events: i) snare capture triggers stress-induced fighting to break free; ii) the
fighting animal either dies or escapes with injury; iii) the surviving animal then experiences
altered behaviour; iv) altered behaviour has implications for its fitness and welfare (Figure 2).
We discuss these events to establish a foundation for assessing capture-induced consequences
for individual behaviour, fitness, and population growth. We demonstrate, with evidence from
mammal species that commonly escape wire snares, how animals are affected by snaring
injuries. Mammals are a taxonomic group that is mostly targeted and thus disproportionately

affected by illegal snaring.

3. THE MECHANISMS OF ANIMAL BEHAVIOURAL RESPONSES TO

SNARING

Getting caught in a snare could alter the affected animal’s behaviour via several
mechanistic pathways. When captured, animal behavioural responses are linked to increased
stress levels (Lynn & Porter 2008, Dickens et al. 2009, Dickens et al. 2010, Breed et al. 2019).
Restraint, fighting to break free, and resultant injuries cause physiological and psychological
stress as well as extreme pain among animals captured in snares (Powell 2005, Reeder & Kramer
2005, Figs. 1, 2). Stress among vertebrates is characterized by somatic or physiological
challenges to homeostasis which increase the concentration of glucocorticoid hormones (cortisol

and corticosterone) produced by the adrenal cortex along the hypothalamic-pituitary-adrenal axis
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(McEwen 2008, Dantzer et al. 2014, Haase et al. 2016). The rise in the concentration of
glucocorticoids can drive animals into restless states when captured in snare traps (Santos et al.
2017, Figs. 1, 2). As such, captured animals often fight vigorously to break free (Frank et al.
2003, Powell 2005, Fig. 2). In the process of fighting however, the snare noose tightens and cuts
into the skin and flesh of the animal. When captured by the neck, the fighting animal could die
due to strangulation or survive with catastrophic injury (Benhaiem et al. 2022). When captured
by the limbs, the animal could suffer dislocation, sustain fractures or break the snare with a

debilitating injury. When captured by the torso, the injuries may cause disembowelment.

Stress hormones affect animal behavioural responses via signalling the upregulation or
downregulation of relevant physiological systems, such as immune systems, metabolic systems,
nervous systems, and others (Moore & Orchinik 1994, Windle et al. 1998, Sapolsky et al. 2000).
When snaring injuries are extreme or prolonged, affected animals may become distressed with
negative consequences for their health and survival (von Holst 1998, Moberg 1999). Distressed
animals can deplete their energy reserves with implications for other biological functions
including reproduction, tissue growth, and immune responses (Cattet et al. 2003, Reeder &

Kramer 2005, Fig. 2).

In addition to physiological stress, psychological stress could be another pathway by
which animal behavioural changes as a response to snaring pressure could occur (Teixeira et al.
2007, Santos et al. 2017). Snaring events could cause fear, anxiety, and frustration among
injured and non-injured animals within affected populations. Among injured animals, the levels
of psychological stress likely depend on the sex, age, reproductive condition or degree of
sociality for the species (Reeder & Kramer 2005, Santos et al. 2017). The psychological stress of

animals that escape snares could lead to increased aggression and altered movement. Additional
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behavioural responses induced by psychological stressors include escape or avoidance
behaviours, altered cognition and attention span, stress-induced analgesia, as well as suppression

of feeding and reproduction (Reeder & Kramer 2005).

Another pathway by which snaring may affect animal behaviour is via total or partial
paralysis of the injured body parts. Paralysis can have negative consequences for animal activity
due to nerve damage which results in the loss of voluntary control of the affected body parts
(Hobaiter & Byrne 2010). In addition to paralysis, behavioural effects may manifest due to
paresis, a condition in which muscular weakness leads to deficiency in the generation of gait or
ability to support body weight (Crilly et al. 2015). Paresis could result from the fracture or
amputation of animal body parts. Unlike paralysis, injured animals with paresis can maintain a
degree of voluntary movement, albeit with extreme pain (Crilly et al. 2015). Further, body
temperature and cardiac rate among captured animals have been suggested to be determined by
the intensity of physical exertion caused by response to entrapment (Cattet et al. 2003). Trapped
free ranging wolves (Canis lupus), for instance, have been found to have lower cardiac rate and
rectal body temperature than normal conspecifics (Santos et al. 2017). Thus, snare-injured

animals are likely to have reduced energy reserves compared to non-injured individuals.

Finally, animals may exhibit behavioural responses to snaring pressure via cognition.
Given their cognitive abilities, primates for example, have been suggested to have learned the
potential danger of snares and have been recorded to deactivate snares safely (Ohashi &
Matsuzawa 2011, Sugiyama & Humle 2011). Particularly, chimpanzees (Pan troglodytes) and
bonobos (Pan paniscus) were observed to remove snares from limbs of affected conspecifics
(Amati et al. 2008, Boesch & Boesch-Achermann 2000, Tokuyama et al. 2012). In addition,

mountain gorillas (Gorilla beringei) have been recorded to exhibit snare awareness behaviour



169 including avoidance, displays near the traps, and biting group members who approach snares
170 (Williamson 2005). It remains unclear, however, whether animals outside of great apes can avoid

171 areas of intense snaring pressure.
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173 Figure 2. Mechanisms underlying animal behavioural responses to wire snare poaching. Arrows

174 indicate progression of events. When an individual animal is caught in a snare (1), it experiences
175 arise in stress hormones (2) which triggers restless behavioural states and rigorous fighting (3)
176 in attempt to escape entrapment. Captured animals could die due to strangulation or catastrophic
177 injury (4) or break free with a non-lethal injury (5). Animals that break free with injury could
178 experience additional stress, altered cognition or poor cardiac functioning such as bradycardia
179  (6). The resulting behavioural responses (7) might include increased aggression, altered social
180 behaviour, altered movement and others. Depending on the longevity of the injured animal,

181 cumulative injury-induced stress could result into distress (8). The distressed injured animal can
182 experience significant reduction in activity due to depletion of energy reserves, poor nutrition,
183 and tissue growth with negative impacts on the animal’s overall health (9). Eventually, the

184 injured individual dies.
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3.1 The role of environmental context and predation risk effects

The habitat in which animals are snared may modulate their behavioural responses and
fitness outcomes. For example, by avoiding areas of intense snaring pressure, some species may
be forced to utilise suboptimal habitats (Williamson 2005). Further, animals with severe snare
injuries may experience significant reductions in their activity (Munn 2006, Santos et al. 2017).
While animals with less severe injuries may not have observable significant impacts on their
movement and foraging times (Munn 2006, Stokes 1999). Thus, the injured animals could select
habitats in which they do not require long distance or constant movements in pursuit of critical
resources such as food and water. Ultimately, injured animals must make the critical trade-off
between forage availability and quality. Among Chacma baboons (Papio ursinus), for example,
injured individuals were observed to feed more on raided high-return foods from human
habitations (Beamish & O’Riain 2014). When reduction in the ability to move occurs in areas
with insufficient or low-quality resources, the body condition of animals with snare injuries is
likely to deteriorate, leading to reduced fitness. Conversely, animals injured within a habitat of
high resource productivity are likely to maintain healthy body condition if their feeding pattern
is not altered. The type and severity of snare injury in this case would be the limiting factor to its

fitness.

Similarly, to promote survival and reproductive success via maximizing nutritional
intake, snare-injured animals would be expected to exhibit some control for the risk of predation
in the areas and times that they choose to be active (Creel 2018). We suggest that strategies
employed by snare-injured animals to minimize predation risk could be more proactive than

reactive because of the handicap (Creel 2018). Based on the type and severity of the injury, as
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well as the level of risk of the habitat in which the animal is injured, we predict two possible
strategies that injured animals may employ to reduce predation risk. We consider injuries that
interfere with the injured animal’s natural ability to defend against predation, such as limb
injuries that diminish running and kicking. First, when injured in areas of high predation risk
(i.e., with a high density of predators), the injured prey would be expected to feed during times
that are less risky, maintain high levels of vigilance as well as associate closely with other
conspecifics in social groups. Related to this, they may need to select areas of poorer quality
nutrition-wise but are lower in predation risk. Second, when injured in habitats that are less risky
(i.e., with a lower density of predators), injured animals may be less risk-averse in the times that
they forage, in their amount of vigilance, as well as the degree of association with conspecifics.
Lastly, when injured in areas with no predation risk, the habitat selection and use dynamics of
the injured animals would be driven only by resource-related factors, such as the need to

minimize competition.

4. ANIMAL BEHAVIOURS AFFECTED BY SNARING INJURIES

4.1 Movement

Animals caught in snares often sustain injuries when they break the wire to escape
entrapment. Injuries on the limbs pose challenges to animal movement (Figs. 3, 4). The degree
of movement difficulty among injured animals, and subsequent impacts on energy expenditure,
depends on the severity of the injury (Munn 2006). For example, movement within tree branches
may be impaired among primates when their hands are cut off, deformed, or paralyzed by snare-
related injuries (Munn 2003, Hermans 2011). However, chimpanzees with forelimb injuries have

been observed to modify their locomotory techniques to navigate the canopy (Munn 2006; Qiatt
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1996). Additionally, severe injuries among female chimpanzees have been found to reduce their
daily travel distances (Munn 2006). Similarly, large herbivores such as giraffes (Giraffa
camelopardalis) move with extreme difficulty when their legs have snare injuries (Kasozi et al.
2022, Bernstein-Kurtycz et al. 2023, Fig. 1). Leg-hold trapping has been found to significantly
reduce the movement of wolves (Santos et al. 2017), grizzly bears (Ursus arctos) and black
bears (Ursus americanus) (Johnson & Pelton 1980, Cattet et al. 2008). In extreme cases, self-
mutilation has been recorded in captured raccoons (Procyon lotor), with consequences for
movement and digging behaviour (Atkeson 1956, Berchielli & Tullar 1980, Proulx et al. 1993).
In East Africa, limb injuries to elephants (Loxodonta africana) due to snares are prevalent (Fig.
1), leading to negative effects on movement (Obanda et al. 2008, Mijele et al. 2013). Movement
difficulty among snare-injured animals arises from the inability of the affected limb to support
the body weight of the animal and to generate a stride (Basu et al. 2019). Thus, snaring injuries
on animal limbs may negatively affect locomotor dynamics via distortion of the distribution of
the vertical impulse (i.e., the integral of the vertical force throughout the stride duration) (Griffin

et al. 2004, Basu et al. 2019).

4.2 Feeding and Foraging

Effects of snaring injuries, and the associated infections that may arise, can be expected
to alter the feeding and foraging dynamics of animals in both direct and indirect ways (Fig. 3).
Direct effects of snaring injuries on feeding can occur when affected animals are caught around
parts of their body that are critical for food intake. For example, carnivorous mammals have
been observed to chew on the snare wire with subsequent injuries to their teeth and jaw (Kuehn

et al. 1986, Benhaiem et al. 2022, White and Van Valkenburgh 2022). In such cases, the injured
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animals may no longer be able to consume prey (Fig. 3,4). Additionally, injuries to the neck may
interfere with the ability to consume and ingest food and water. Snare injuries to elephants can
include the loss of a part or whole trunk (Fig. 1), which considerably alters their ability to both
handle and process food items and drink water (Obanda et al. 2008). Among primates, severed
limbs as a result of escaping wire snares impair their ability to handle and process food (Byrne &
Stokes 2002, Stokes & Byrne 2001). Thus, snare-injured animals may employ suboptimal
techniques, such as using their mouth for food processing (Byrne & Stokes 2002). Alternatively,
disabled animals may focus on high-quality foods that require less processing time from their
habitat (Stokes & Byrne 2006) or food from human habitation (Beamish & O’Riain 2014). The
foraging ability of animals could also be impaired by snaring pressure indirectly via reduced
movement. In cases of severe injuries that completely compromise animal movement, affected
individuals could be unable to access forage and water, or lose the ability to pursue, subdue and
handle prey. In addition, disabled Chacma baboons (Papio ursinus) have been observed to spend
more time travelling and resting than feeding (Beamish & O’Riain 2014). Given their inability to
obtain and process high-quality forage and to pursue subdue and handle prey, the injured animals
are likely to feed less effectively, possess compromised immune systems, and consequently

display poorer body conditions compared to able bodied conspecifics (Yersin et al. 2017).

4.3 Anti-predator behaviours

Snaring injuries can also affect anti-predator behaviours of animals. First, by diminishing
movement, snare-injured prey species can quickly succumb to the pursuit of predators (Figs. 3,
4). Additionally, reduced mobility of snare-injured animals among social species might lead to

isolation from social groups, as observed among chimpanzees (Munn 2003). Given the isolation,
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the snare-injured animals may often not obtain the reduction in predation risk conferred by
associating in groups (Kasozi & Montgomery 2020, Figs. 3, 4). Further, snaring injuries may
interfere directly with the antipredator behaviours of many mammal species by disfiguring body
parts critical for defence against predators. For example, snare-injured limbs may diminish the
animal’s ability to fight and escape predators. Among giraffes, snare injuries on the legs have
been found to disproportionately affect locomotor dynamics via reducing stride length, speed,
and altered gait symmetry (Bernstein-Kurtycz et al. 2023). Snaring injuries may also affect
habitat use and selection dynamics of affected animals, with respect to minimising the risk of
being detected by predators. To minimize the risk of predation, injured animals may select less
risky times and places to engage in active behaviour such as foraging (see Section 3.1).
Similarly, it is likely that species in high snare density landscapes may have higher flight
distances and become more vigilant and aggressive to the presence of humans within their

habitats due to the constant persecution.

4.4 Mating and reproduction

The reproductive ability of animals may be affected in both direct and indirect ways due
to snaring injury. For example, being rescued or breaking free from a wire snare, with physical
injury and associated ill health, can lead to the loss of social rank of affected animals by reducing
their ability to compete for mates (Lovell 1991, Fig. 3). Snaring injuries could not only affect an
animal’s capacity to pursue mates, but also diminish the ability of males to mount females.
Females could also lose their ability to support mounting males during copulation. Furthermore,
the impact of snare injuries on reproductive success may manifest through restriction of female

ability to care for their offspring (Lovell 1991; Munn 2003). Among hyenas (Crocuta crocuta), a
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long-term study found that debilitating snaring injuries among females that had not yet given
birth to litter delayed age at first reproduction by ~0.74 years (Benhaiem et al. 2022). In addition,
the injured females tended to have fewer offspring which had a lower probability of survival to
one year compared to litter of able-bodied females (Benhaiem et al. 2022). The energetic costs of
tissue repair and immune responses to morbidity resulting from snaring injuries divert resources
from reproductive functions when female animals prioritize their own survival (Festa-Bianchet
et al. 2019). Snaring injuries have been recorded to cause foetus mortality among leopards
(Panthera pardus) rescued from snare traps in India (Kumar 2015). The age at which animals
obtain injuries likely determines the impact on their survival and reproduction. Among hyenas in
Serengeti National Park, subadult females are more likely to die shortly after escaping snares
than adults (Benhaiem et al. 2022). High levels of stress hormones over extended periods have
the potential to diminish reproductive function, decrease immunity and muscle function, and
increase mortality risk (Wingfield & Sapolsky 1999, Saplosky et al. 2000, Reeder & Kramer
2005). A study of African elephants found that long term stress related impacts of poaching
persist among matriarchs and have long term impacts on their reproductive output (Gobush et al.
2008). It remains to be established whether such effects manifest in other long lived large
mammals. Overall, consistent with life history theory, we predict that snare-injured animals
would allocate their limited resources (time, effort and energy) more to activities that promote
survival (such as feeding and evading predation) than mating, with implications for population

dynamics.
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4.5 Group association

Snaring injuries can also impact the social behaviour of affected animals. Research on
this topic has been explored among primates, particularly chimpanzees. For instance, snare-
injured female chimpanzees have been recorded to associate in smaller groups than non-injured
females (Munn 2003, Hermans 2011). These observations have been interpreted to reflect
amelioration of food competition associated with larger groups (Hermans 2011). Similarly, snare
injuries have also been found to negatively affect chimpanzee mothers’ ability to carry their
offspring (Munn 2003, 2006). Among male chimpanzees, snare injuries have been found to alter
ability to compete for higher social ranks and to defend territory from rival chimpanzees (Smith
1995). We suspect that similar behavioural impacts are relevant among non-primate social

species, but additional research is required to quantify such effects.

4.6 Grooming

Finally, snaring injuries can also impact grooming and body maintenance. Animals with
disfigured, injured, or paralyzed body parts lose their ability to clean or maintain their own
and/or conspecific’s bodies. By disrupting body grooming capabilities, snaring injuries may
indirectly break social bonds and disrupt social structure and family links (Munn 2003). When
wire snares cut off elephant trunks, they affect trunk functions useful in body maintenance such
as siphoning and spraying water and sprinkling dust. The application of water and dust is an
important thermoregulatory behaviour that enables elephants to cope with environmental
temperatures that exceed their body temperature (Mole et al. 2016). Similarly, primates with

injured or paralyzed hands lose their ability for body grooming and scratching (Hobaiter &



343 Byrne 2010), behaviours that are critical for managing external parasites and skin irritation

344 (Nakamura et al. 2000). The inability to auto groom their body coupled with the tendency to
345 reuse old nests expose injured chimpanzees to build up of both internal and external parasites
346 with negative consequences for their immune function (Plumptre & Reynolds 1997, Sadd &
347 Schmid-Hempel 2009, Hobaiter & Byrne 2010, Strait et al. 2012, Yersin et al. 2017). Additional
348 research is required to quantify the impacts of snaring injuries on grooming and body

349 maintenance behaviours across mammals.
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351 Figure 3. Animals can sustain snaring-related injuries to a number of body parts (black) with

352 subsequent behavioural impacts (gray). These behavioural impacts will vary according to the
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body part affected and the severity of the injury. The solid arrows represent direct links between

injured body part and affected behaviour whereas the dotted arrows indicate indirect links.
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Figure 4. Consequences of snaring injuries for affected individual animals and populations. The
short arrows indicate progression of events. Conservation and management interventions are

needed not only to mitigate the impacts of wire snare poaching, but also bring it to an end.

5. IMPLICATIONS FOR CONSERVATION AND MANAGEMENT

Integrating information about how animals change their behaviour due to wire snare
poaching into management programmes hinges on proper evaluation of the physiological,
reproductive, welfare, and mortality effects on snare survivors. To compensate for effects of
snare injuries, animals may respond by feeding on high quality foods that require less processing
and handling time, and may obtain these from human habitation or agricultural farms (Beamish
& O’Riain 2014). In effect, this may accelerate human wildlife conflict and expose animals to
additional human persecution (Beamish & O’Riain 2014). Such conflicts pose challenges to the
management of snare injured individuals. On the other hand, evaluating the physiological effects

of snare injuries may provide useful insights on animal performance which may not be apparent
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through behavioural observations or injury scores (Proulx et al. 2022). Monitoring snare-injured
animals post rescue and treatment is needed to examine whether immediate release was a wise
option for the welfare of the animal as well as for the possibility of injured animals raiding crops
or depredating livestock. Information such as this is needed to inform future decisions on what is
survivable, especially among species of conservation concern where every individual is
important for population persistence. In addition to the physiological costs of wound healing,
there may be external interference to wound healing by factors such as birds (Weeks 2000,
Diplock et al. 2018). Extended exposure of open wounds could cause additional infections to the
affected animal, with implications for reproductive performance and offspring care (Benhaiem et
al. 2022). As illegal animal harvest increases in many landscapes across the Global South,
additional resources need to be directed to snare removal programmes to mitigate mortality and
sublethal effects of wire snares. While snare removal programmes are useful, they remain a
temporary solution that may not be sustainable in the long term. Perhaps the best strategies to
mitigate snaring effects on animal populations are those that address the underlying drivers of
poaching. While discussing these strategies lies outside the scope of the present paper, we
encourage increased collaboration among researchers, managers as well as political officers to

create opportunities that address the underlying causes of poaching.

6. Implications for future research

A significant limitation in existing literature relates to the unquantified life history costs of
surviving snaring with an injury across different species. At the same time, we know little about
associated changes in the ecological function of communities and ecosystems when several

individuals of different species are killed or injured by wire snares. Measuring the consequences
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of wire snare poaching on animal populations presents challenges associated with quantifying the
mortality of both target and non-target species and the long-term life history costs among
individual animals that escape snares with injuries. In any case, poachers harvest the majority of
the snared animals before they are detected by management and researchers. Furthermore, few
individual animals which escape snares with injuries survive long enough to be detected by
managers and scientists. Such challenges complicate efforts to accurately assess the full extent of

damage caused by snares.

Our framework emphasizes the need for investigations of behavioural responses and fitness
costs for animals that survive snaring with injuries. While the physiological mechanisms linking
behavioural effects of capture to death or escape with injury may seem complex and difficult to
measure (Figure 2), our framework outlines pathways that can facilitate predictive modelling of
fitness outcomes. We encourage the development of modelling frameworks for estimating
relationships among animal behaviours and fitness outcomes of snare-injured animals. To predict
the fitness outcomes of bearing injury, such models would require empirical measurements of
different animal behaviours and ecological functions affected by snaring injury. As such, we
suggest sustained monitoring of the movements of injured animals using GPS telemetry
techniques as well as collecting data on animal health using suitable sensors. The sensors and
GPS tags could be conveniently deployed on the animals during rescue and veterinary treatment.
Accurate measurement of behaviour of injured animals is critical to estimating and predicting

health implications as well as fitness costs of bearing injury.

Thus far, studies have measured the reproductive costs of bearing snaring injuries (Benhaiem
et al. 2022), the impacts of injuries on movement (Bernstein-Kurtycz et al. 2023), forensic

examination of carnivore skulls and teeth (White & Valkenburgh 2022) in a few species. A key
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step in progressing research examining the effects of wire snare poaching is to broaden the range
of behaviours that are monitored and assessed across several affected species. Future research
may compare the social behaviour and movements of animals in areas of high poaching activity
to that in areas with less poaching. We argue that the type and severity of injuries might
determine the level of activity of affected animals, and influence the types of interactions with
both conspecifics and heterospecifics. Additional research may consider examining activity
budgets, foraging strategies, and trophic interactions of animals rescued from wire snares with
injuries of varied levels of severity. Such research might also provide insights into the energetic
costs of bearing injury. Further studies may also consider specifically investigating the ecological
consequences of losing keystone species to illegal poaching as these are more likely to result in
detectable ecological change. Additionally, these could provide an upper bound in terms of

anticipated outcomes for other species.

Overall, a major factor hindering the progress of research on the impacts of wire snare
poaching on animals relates to the lack of data. We appreciate that data on animals that are killed
and those that escape wire snares are hard to obtain. Because animals may be harvested before
being detected or because of the lack of capacity and resources needed to conduct field
monitoring. The lack of data limits our ability to analyse and uncover patterns and trends in
animal responses to wire snare poaching. We encourage researchers and managers to collect and
curate long-term datasets on snare locations, demographic patterns of detected animals that are
killed or rescued from snares, as well as individual and population-level behavioral responses to

wire snare poaching.
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7. CONCLUSION

Our synthesis highlights consequences of snaring injuries for animal behaviour. Snaring
injuries can substantially change the behaviour of snare survivors, via alteration of movement
(Kasozi et al. 2022, Bernstein-Kurtycz et al. 2023), feeding (Byrne & Stokes 2002, Stokes &
Byrne 2001), mating (Benhaiem et al. 2022) and social interactions (Archie & Chiyo 2012,
Munn 2003, Hermans 2011). In turn, the snaring injuries supplement the mortality effects of
wire snare poaching and translate into long term physiological, behavioural and welfare effects
that are currently unmeasured for many species. Given the potential for the sublethal effects of
snare related injuries to interfere with reproduction due to heightened physiological stress,
poaching has additional indirect effects that may limit expansion of the surviving wildlife
populations. These impacts are relevant to the conservation and population persistence of long-
lived and slowly reproducing species of conservation concern. Thus, accurate examination of the
population-level effects of wire snare poaching among such species would require quantifying
both direct lethal and indirect sublethal effects on individuals that escape wire snares. We
encourage novel research that empirically examines both the short-term and long-term impacts
of snare related injuries on the performance of snare survivors. Specifically, the effect of snaring
injuries as a limiting factor for animal reproduction requires further investigation. Outputs from
this research will be useful for determining how these effects might scale to have population-
level ramifications additive to the mortality effects. Overall, research examining animal
behavioural responses to wire snare poaching may provide important additional information on
the ways in which humans as super predators shape animal populations for both target and

bycatch species.



462

463
464

465
466

467
468

469
470
471

472
473

474
475
476

477
478
479

480
481

482
483

484
485

486
487

488
489
490

491
492

493
494
495

496
497
498

24

REFERENCES

Amati S, Babweteera F, Wittig RM (2008) Snare removal by a chimpanzee of the Sonso
community, Budongo Forest (Uganda). Pan Africa News 15: 6-8.

Archie EA, Chiyo PI (2012) Elephant behaviour and conservation: social relationships, the
effects of poaching, and genetic tools for management. Molecular Ecology 21: 765-778.

Atkeson TZ (1956) Incidence of crippling loss in steel trapping. The Journal of Wildlife
Management 20: 323-324.

Aziz MA, Tollington S, Barlow A, Goodrich J, Shamsuddoha M, Islam MA, Groombridge JJ
(2017) Investigating patterns of tiger and prey poaching in the Bangladesh Sundarbans:
Implications for improved management. Global Ecology and Conservation 9: 70-81.

Basu C, Wilson AM, Hutchinson JR (2019) The locomotor kinematics and ground reaction
forces of walking giraffes. Journal of Experimental Biology 222: jeb159277.

Beamish EK, O’Riain MJ (2014) The Effects of Permanent Injury on the Behavior and Diet of
Commensal Chacma Baboons (Papio ursinus) in the Cape Peninsula, South Africa.
International Journal of Primatology 35(5): 1004-1020.

Becker M, McRobb R, Watson F, Droge E, Kanyembo B, Murdoch J, Kakumbi C (2013)
Evaluating wire snare poaching trends and the impacts of by-catch on elephants and large
carnivores. Biological Conservation 158: 26-36.

Belecky M, Gray TNE (2020) Silence of the Snares: Southeast Asia’s Snaring Crisis, WWF
International.

Benhaiem S, Kaidatzi S, Hofer H, East ML (2022) Long-term reproductive costs of snare
injuries in a keystone terrestrial by-catch species. Animal Conservation 2022: 1-11.

Berchielli LT, Tullar BF (1980) Comparison of a leg snare with a standard leg-gripping trap.
New York Fish and Game Journal 27: 63-71.

Boesch C, Boesch-Achermann H (eds; 2000) The chimpanzees of the Tai Forest: Behavioural
Ecology and Evolution. Oxford University Press.

Breed D, Meyer LCR, Stey JCA, Goddard A, Burroughs R, Kohn TA (2019) Conserving
wildlife in a changing world: Understanding capture myopathy—a malignant outcome of
stress during capture and translocation. Conservation Physiology 7(1): coz027.

Byrne RW, Stokes EJ (2002) Effects of manual disability on feeding skills in gorillas and
chimpanzees. International Journal of Primatology 23: 539-554.

Campbell K, Martyr D, Risdianto D, Clemente CJ (2019) Two species, one snare: Analysing
snare usage and the impacts of tiger poaching on a non-target species, the Malayan tapir.
Biological Conservation 231: 161-166.

Cattet M, Boulanger J, Stenhouse G, Powell RA, Reynolds-Hogland MJ (2008) An evaluation of
long-term capture effects in ursids: Implications for wildlife welfare and research. Journal
of Mammalogy 89: 973-990.



499
500

501
502
503

504
505

506
507

508
509

510
511
512

513
514

515
516
517
518

519
520

521
522

523
524
525

526
527
528

529
530

531
532

533
534
535

536

25

Cattet MR, Christison K, Caulkett NA, Stenhouse GB (2003) Physiologic responses of grizzly
bears to different methods of capture. Journal of Wildlife Diseases 39: 649-654.

Cawthorn D, Hoffman LC (2015) The bushmeat and food security nexus: A global account of
the contributions, conundrums and ethical collisions. Food Research International 76:
906925.

Ceppi SL, Nielsen MR (2014) A comparative study on bushmeat consumption patterns in ten
tribes in Tanzania. Tropical Conservation Science 7: 272-287.

Creel S (2018) The control of risk hypothesis: Reactive vs. proactive antipredator responses and
stress-mediated vs. food-mediated costs of response. Ecology Letters 21(7): 947-956.

Crilly JP, Rzechorzek N, Scott P (2015) Diagnosing limb paresis and paralysis in sheep. In
Practice 37: 490-507.

Dantzer B, Fletcher QE, Boonstra R, Sheriff MJ (2014) Measures of physiological stress: A
transparent or opaque window into the status, management and conservation of species?
Conservation Physiology 2: cou023.

Daoust P, Nicholson PH (2004) Severe chronic neck injury caused by a snare in a Coyote,
Canis latrans. Canadian Field-Naturalist 118(2): 243-246.

de Araujo GR, de Deco-Souza T, Morato RG, Crawshaw PG, Silva LC, Jorge-Neto PN,
Csermak-Jr AC, Bergo LCF, Kantek DLZ, Miyazaki SS, Beisiegel BDM, Tortato FR,
May-Junior JA, Silva MCC, Leuzinger L, Salomdo-Jr JA, Paula TAR (2021) Use of foot
snares to capture large felids. Methods in Ecology and Evolution 12: 322-327.

Dickens ML, Delehanty DJ, Romero ML (2010) Stress: An inevitable component of animal
translocation. Biological Conservation 143: 1329-1341.

Dickens MJ, Delehanty DJ, Romero ML (2009) Stress and translocation: alterations in the stress
physiology of translocated birds. Proceedings of the Royal Society B 276: 2051-2056.

Diplock N, Johnston K, Mellon A, Mitchell L., Moore M, Schneider D, Taylor A, Whitney J,
Zegar K, Kioko J, Kiffner C (2018) Large mammal declines and the incipient loss of
mammal-bird mutualisms in an African savanna ecosystem. PLoS ONE 13(8): e0202536.

Elbroch ML, Jansen BD, Grigione MM, Sarno RJ, Wittmer HU (2013) Trailing hounds vs foot
snares: comparing injuries to pumas Puma concolor captured in Chilean Patagonia.
Wildlife Biology 19: 210-216.

Englund J (1982) A Comparison of Injuries to Leg-Hold Trapped and Foot-Snared Red Foxes.
The Journal of Wildlife Management 46(4): 1113-1117.

Fa JE, Ryan SF, Bell DJ (2005) Hunting vulnerability, ecological characteristics and harvest
rates of bush meat species in Afrotropical forests. Biological Conservation 121: 167-176.

Festa-Bianchet M, Cote SD, Hamel S, Pelletier F (2019) Long-term studies of bighorn sheep and
mountain goats reveal fitness costs of reproduction. Journal of Animal Ecology 88: 1118-
1133.

Figel JJ, Hambal M, Krisna I, Putra R, Yansyah D (2021) Malignant Snare Traps Threaten an



537

538
539

540

541
542
543

544
545
546

547
548
549

550
551

552
553
554

555
556

557
558

559
560
561

562
563

564
565

566
567
568

569
570

571
572

26

Irreplaceable Megafauna Community. Tropical Conservation Science 0: 1-14.

Frank L, Simpson D, Woodroffe R (2003) Foot snares: An effective method for capturing
African lions. Wildlife Society Bulletin 31: 309-314.

Gardner CL (2010) Reducing non-target moose capture in wolf snares. Alces 46: 167-182.

Gobush KS, Mutayoba BM, Wasser SK (2008) Long-Term Impacts of Poaching on Relatedness,
Stress Physiology, and Reproductive Output of Adult Female African Elephants.
Conservation Biology 22(6): 1590-1599.

Gompper ME, Kays RW, Ray JC, Lapoint SD, Bogan A, Cryan JR (2006) A comparison of
noninvasive techniques to survey carnivore communities in northeastern North America.
Wildlife Society Bulletin 34: 1142-1151.

Gray TNE, Hughes AC, Laurance WF, Long B, Lynam AJ, O’Kelly H, Ripple WJ, Seng T,
Scotson L, Wilkinson NM (2018) The wildlife snaring crisis: an insidious and pervasive
threat to biodiversity in Southeast Asia. Biodiversity Conservation 27: 1031-1037.

Gray TNE, Lynam AJ, Seng T, Laurence WF, Long B, Scotson L, Ripple WJ (2017) Wildlife
snaring crisis in Asian forests. Science 355(6322): 255-256.

Griffin TM, Main RP, Farley CT (2004) Biomechanics of quadrupedal walking: how do four
legged animals achieve inverted pendulum-like movements? Journal of Experimental
Biology 207: 3545-3558.

Gubbi S, Kolekar A, Kumara V (2021) Quantifying Wire Snares as a Threat to Leopards in
Karnataka, India. Tropical Conservation Science 14: 1-8.

Haase CG, Long AK, Gillooly JF (2016) Energetics of stress: linking plasma cortisol levels to
metabolic rate in mammals. Biology Letters 12: 20150867.

Hermans V (2011) Ranging behaviour of snare-injured female chimpanzees (Pan troglodytes
schweinfurthii) of the Sonso community in the Budongo Forest, Uganda. MRes
Primatology, University of Roehampton.

Hobaiter C, Byrne RW (2010) Able-Bodied Wild Chimpanzees Imitate a Motor Procedure Used
by a Disabled Individual to Overcome Handicap. PLoS ONE 5(8): e11959.

Johnson KG, Pelton MR (1980) Prebaiting and Snaring Techniques for Black Bears. Wildlife
Society Bulletin 8(1): 46-54.

Kasozi H, Linden DW, Roloff GJ, Montgomery RA (2022) Evaluating the prevalence and spatial
distribution of giraffes injured by non-target poaching. Journal of Zoology 319(2): 152-
162.

Kasozi H, Montgomery RA (2020) Variability in the estimation of ungulate group sizes
complicates ecological inference. Ecology and Evolution 10: 6881-6889.

Kuehn DW, Fuller TK, Mech LD, Fritts SH, Berg WE (1986) Snaring injuries to gray wolves in
Minnesota. Journal of Wildlife Management 50: 90-91.



573
574
575

576
577

578
579

580
581

582
583
584
585

586
587
588

589
590
591

592
593
594

595
596
597

598

599
600
601

602
603
604

605
606

607
608

609
610

27

Kumar V (2015) Incidences of fetal deaths in rescued female leopards (Panthera pardus) of
Shivalik Hills in Northern India. International Journal of Biodiversity and Conservation
7(2): 81-84.

Lishak RS (1976) A Burrow Entrance Snare for Capturing Ground Squirrels. The Journal of
Wildlife Management 40(2): 364-365.

Logan KA, Sweano LL, Smith JF, Hornocker MG (1999) Capturing pumas with foot-hold
snares. Wildlife Society Bulletin 27(1): 201-208.

Lovell NC (1991) An evolutionary framework for assessing illness and injury in nonhuman
primates. Yearbook of Physical Anthropology 34: 117-155.

Loveridge AJ, Sousa LL, Seymour-Smith J, Hunt J, Coals P, O'Donnell H, Lindsey PA,
Mandisodza-Chikerema R, Macdonald DW (2020) Evaluating the spatial intensity and
demographic impacts of wire-snare bush-meat poaching on large carnivores. Biological
Conservation 244: 108504.

Lynn SE, Porter AJ (2008) Trapping initiates stress response in breeding and non-breeding
house sparrows Passer domesticus: implications for using unmonitored traps in field
studies. Journal of Avian Biology 39: 87-94.

McCarthy JL, Belant JL, Breitenmoser-Wiirsten C, Hearn AJ, Ross J (2013) Live trapping
carnivores in tropical forests: Tools and techniques to maximise efficacy. Raffles Bulletin
of Zoology 28: 55-66.

McEwen BS (2008) Central effects of stress hormones in health and disease: understanding the
protective and damaging effects of stress and stress mediators. European Journal of
Pharmacology 583(23): 174-185.

Mijele D, Obanda V, Omondi P, Soriguer RC, Gakuya F, et al. (2013) Spatio-Temporal
Distribution of Injured Elephants in Masai Mara and the Putative Negative and Positive
Roles of the Local Community. PLoS ONE 8(7): e71179.

Moberg GP (1999) When does stress become distress? Laboratory Animals 28: 22-26.

Mole MA, Rodrigues DAraujo S, van Aarde RJ, Mitchell D, Fuller A (2016) Coping with heat:
behavioural and physiological responses of savanna elephants in their natural habitat.
Conservation Physiology 4(1): cow044.

Montgomery RA, Raupp J, Miller SA, Lisowksy R, Comar A, Wijers M, Bugir CK, Hayward
MW (2022) The hunting modes of human predation and potential nonconsumptive effects
on animal populations. Biological Conservation 265: 109398.

Montgomery RA (2020) Poaching is not one big thing. Trends in Ecology and Evolution 35:
472-475.

Moore F, Orchinik M (1994) Membrane receptors for corticosterone: a mechanism for rapid
behavioural responses in an amphibian. Hormones and Behaviour 28: 512-519.

Mowat G, Slough BG, Rivard R (1994) A comparison of three live capturing devices for lynx:
captive efficiency and injuries. Wildlife Society Bulletin 22: 644-650.



611
612
613

614
615
616

617
618
619
620

621
622

623
624

625
626
627

628
629

630
631
632

633

634
635

636
637

638
639

640
641

642
643

644
645
646
647

28

Mudumba T, Jingo S, Heit D, Montgomery RA (2021) The landscape configuration and lethality
of snare poaching of sympatric guilds of large carnivores and ungulates. African Journal of
Ecology 51(1): 51-62.

Munn J (2003) The impact of injuries on free-living chimpanzees: How injury effects the social
behaviour, mother-dependant behaviour and the locomotion of adult female chimpanzees
from the Sonso community, Budongo Forest Reserve, Uganda.

Munn J (2006) Effects of injury on the locomotion of free-living chimpanzees in the Budongo
Forest Reserve, Uganda. In: Newton-Fisher NE, Notman H, Paterson JD, Reynolds V (eds)
Primates of western Uganda, 259-280. Developments in Primatology: Progress and
Prospects. New York: Springer Science + Business Media.

Nakamura M, McGrew WC, Marchant LF, Nishida T (2000) Social scratch: another custom in
wild chimpanzees? Primates 41: 237-248.

Nielsen MR, Pouliot M, Meilby H, Smith-hall C (2017) Global patterns and determinants of the
economic importance of bushmeat. Biological Conservation 215: 277-287.

Nieman WA, Leslie AJ, Wilkinson A, Wossler TC (2019) Socioeconomic and biophysical
determinants of wire-snare poaching incidence and behaviour in the Boland Region of
South Africa. Journal for Nature Conservation 52: 125738.

Noss AJ (1998) The impacts of cable snare hunting on Wildlife populations in the forests of the
Central African Republic. Conservation Biology 12(2): 390-398.

Obanda V, Ndeereh D, Mijele D, Lekolool I, Chege S, Gakuya F, Omondi P (2008) Injuries of
free ranging African elephants (Loxodonta africana africana) in various ranges of Kenya.
Pachyderm 44: 54-58.

Ohashi G, Matsuzawa T (2011) Deactivation of snares by wild chimpanzees. Primates 52: 1-5.

Olsen GH, Linhart SB, Holmes RA, Dasch GJ, Male CB (1986) Injuries to coyotes caught in
padded and unpadded steel foothold traps. Wildlife Society Bulletin 14: 219-223.

Olsen GH, Linscombe RG, Wright VL, Holmes RA (1988) Reducing injuries to terrestrial
furbearers by using padded foothold traps. Wildlife Society Bulletin 16: 303-307.

Phillips RL, Gruver KS, Williams ES (1996) Leg injuries to coyotes captured in three types of
foothold traps. Wildlife Society Bulletin 24: 260-263.

Plumptre AJ, Reynolds V (1997) Nesting behaviour of chimpanzees: implications for censuses.
International Journal of Primatology 18: 475-485.

Powell RA. (2005) Evaluating welfare of American Black Bears (Ursus americanus) captured in
foot snares and in winter dens. Journal of Mammalogy 86(6): 1171-1177.

Proulx G, Allen BL, Cattet M, Feldstein P, lossa G, Meek PD, Serfass TL, Soulsbury CD (2022)
International Mammal Trapping Standards - Part I: Prerequisites. In: Proulx G (ed)
Mammal Trapping—Wildlife Management, Animal Welfare & International Standards.
Alpha Wildlife Publications, 2022.



648 Proulx G, Rodtka D (2017) Steel-jawed leghold traps and killing neck snares: Similar injuries

649 command a change to agreement on international humane trapping standards. Journal of
650 Applied Animal Welfare Science 20: 198-203.

651 Proulx G, Rodtka D, Barrett MW, Cattet M, Dekker D, Moffatt E, Powell RA (2015)

652 Humaneness and selectivity of killing neck snares used to capture canids in Canada: A
653 Review. Canadian Wildlife Biology and Management 4: 55-65.

654 Proulx G, Cattet MRL, Powell RA (2012) Humane and efficient capture and handling methods
655 for carnivores. In: Boitani L, Powell RA (eds) Carnivore ecology and conservation: a
656 handbook of techniques, 70-129, Oxford University Press, London, UK.

657 Proulx G, Onderka DK, Kolenosky AlJ, Cole PJ, Drescher RK, Badry MJ (1993) Injuries and
658 behaviour of raccoons (Procyon lotor) captured in the Soft Catch and the EGG traps in
659 simulated natural environments. Journal of Wildlife Diseases 29(3): 447-452.

660 Quiatt D, Reynolds V, Stokes J (2002) Snare injuries to chimpanzees (Pan troglodytes) at 10
661 study sites in east and west Africa. African Journal of Ecology 40: 303-305.

662  Quiatt D (1996) Budongo Forest chimpanzees: Behavioral accommodations to physical

663 disability. In XVIth Congress of the International Primatological Society, Madison, WI,
664 August 11-16.

665 Reeder DM, Kramer KM (2005) Stress in free-ranging mammals: Integrating physiology,
666 ecology, and natural history. Journal of Mammology 86(2): 225-235.

667 Ripple WJ, Abernethy K, Betts MG et al. (2016) Bushmeat hunting and extinction risk to the
668 world’s mammals. Royal Society Open Science 3(160498): 0103—e1400103.

669 Sadd BM, Schmid-Hempel P (2009) Principles of ecological immunology. Evolutionary
670 Applications 2: 113-121.

671 Sawaya MA, Ruth TK, Creel S, Rotella JJ, Stetz JB. Quigley HB, Kalinowski ST (2011)

672 Evaluation of noninvasive genetic sampling methods for cougars in Yellowstone National
673 Park. Journal of Wildlife Management 75: 612-622.

674 Santos N, Rio-Maior H, Nakamura M, Roque S, Brandao R, Alvares F (2017) Characterization
675 and minimization of the stress response to trapping in free-ranging wolves (Canis lupus):
676 insights from physiology and behaviour. Stress 20(5): 513-522.

677 Sapolsky RM, Romero LM, Munck AU (2000) How Do Glucocorticoids Influence Stress

678 Responses? Integrating Permissive, Suppressive, Stimulatory, and Preparative Actions.
679 Endocrine Reviews 21(1): 55-89.

680 Smith R (1995) Some effects of limb injuries on the chimpanzees of the Budongo Forest.
681 Budongo Forest Project Reports.

682 Stokes EJ, Byrne RW (2006) Effect of snare injuries on the fig-feeding behaviour of

683 chimpanzees of the Budongo Forest, Uganda. In N. E. Newton-Fischer, H. Notman, J. D.
684 Paterson, & V. Reynolds (Eds.), Primates of Western Uganda (pp. 281-297). New York:
685 Springer Science+Business Media.

29



686
687
688

689
690

691
692
693

694
695

696
697
698

699
700

701
702
703

704
705

706
707
708

709

710
711
712

713
714
715

716
717
718

30

Stokes EJ, Byrne RW (2001) Cognitive capacities for behavioural flexibility in wild
chimpanzees (Pan troglodytes): The effect of snare injury on complex manual food
processing. Animal Cognition 4: 11-28.

Stokes EJ (1999) Feeding skills and the effect of injury on wild chimpanzees. Ph.D. thesis,
University of St. Andrews, Scotland.

Strait K, Else JG, Eberhard ML (2012) Parasitic disease of nonhuman primates. In: Abee CR,
Mansfield K, Tardif SD, Morris T (eds) Nonhuman primates in biomedical research:
Diseases. 197-297. San Diego Academic.

Sugiyama Y, Humle TA (2011) Wild chimpanzee uses a stick to disable a snare at Bossou,
Guinea. Pan Africa News 18(1): June 2011.

Teixeira CP, Azevedo CSD, Mendl M, Cipreste CF, Young RJ (2007) Revisiting translocation
and reintroduction programmes: the importance of considering stress. Animal Behaviour
73: 1-13.

Tokuyama N, Emikey B, Bafike B, Isolumbo B, Iyokango B, Mulavwa MN, Furuichi T (2012)
Bonobos apparently search for a lost member injured by a snare. Primates 53: 215-219.

von Holst D (1998) The concept of stress and its relevance for animal behaviour. In: Mgller AP,
Milinski M. & Slater PJB (eds), Advances in the study of behaviour 27, 11-31. Academic
Press.

Weeks P (2000) Red-billed oxpeckers: vampires or tickbirds? Behavioural Ecology 11(2): 154-
160.

White PA, Van Valkenburgh B (2022) Low-Cost Forensics Reveal High Rates of Non-lethal
Snaring and Shotgun Injuries in Zambia's Large Carnivores. Frontiers in Conservation
Science 3:803381.

Williamson EA (2005) “Snare aware” mountain gorillas. Gorilla Gazette 18: 8.

Windle RJ, Wood SA, Shanks N, Lightman SL, Ingram CD (1998) Ultradian rhythm of basal
corticosterone release in the female rat: dynamic interaction with the response to acute
stress. Endocrinology 139: 443-450.

Wingfield JC, Ramenofsky M. 1999. Hormones and the behavioural ecology of stress. Pages 1—
51 In: P. H. M. Balm, editor. Stress physiology in animals. Sheffield Academic Press,
Sheffield, United Kingdom.

Yersin H, Asiimwe C, Voordouw MJ, Zuberbiihler K (2017) Impact of Snare Injuries on Parasite
Prevalence in Wild Chimpanzees (Pan troglodytes). International Journal of Primatology
38: 21-30.



719

720

721

722

723

724

725

726

727

728

729

730

731

732

733

734

31

Box 1: Evolution of snare technology for animal trapping

Snares are commonly used to illegally trap animals because they are cheap to produce,
simple to set in large numbers, and can capture a diverse range of animals (Proulx et al. 2019,
Belecky & Gray 2020). Snare traps are anchored to trees with a free end formed into a flexible
noose held off the ground at the approximate height of the animal target (Fig. 1.1). The noose
captures animals around the neck, body, or leg when triggered (Fig. 1.1). Earliest snare traps
were made from plant or animal sources such as bark, lianas, rattan, rawhide, or hair cords
(Phillips et al. 1990, Belecky & Gray 2020). Given their organic nature, these snares lacked the
flexibility and strength required to restrain or kill animals (Phillips et al. 1990). Consequently,
trappers frequently checked the snares to harvest captured animals before they chewed or broke
the organic loops. In addition, the organic loops would sometimes decay or get weakened by
arthropods which fed on them before they captured animals (Phillips et al. 1990). Given these
deficiencies, snares today are typically made of metal components (e.g., wires from radial
vehicle tires, motorcycle brake cables, locks, swivels, fences and powerlines). The wire snares
are more efficient and versatile than those made from organic materials. The availability of

metal components for making wire snares may be linked to increasing development in society.
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Figure 1.1. a) Wire snare trap set to capture animals, b) Deactivated and confiscated wire snare
traps, c) Rescuing a waterbuck (Kobus ellipsiprymnus) from a wire snare, d) A Uganda Kob
(Kobus kob) killed in a wire snare. All images taken in Murchison Falls National Park, Uganda,

a system experiencing high rates of wire snare poaching.
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