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INTRODUCTION

An animal's ability to heal from injuries is 
important to its survival in natural environments, 
which necessarily include exposure to parasites, 
disease, predators, conspecific competition, and 
challenging environmental conditions (Lazzaro & 
Little 2009; Pedersen & Babayan 2011). There are 
numerous reports of wound healing in field studies 
of nonhuman primates (e.g., Basuta 1987; Crockett & 
Pope 1988; Archie et al. 2012, 2014; Arlet et al. 2009; 
Struhsaker et al. 2010; MacCormick et al. 2012), and 
museum skeletal studies document healed fractures 
as common in most primate groups (Nakai 2003; 
Chapman & Legge 2009). The cause of a traumatic 
injury to an individual is often unknown, but the 
main explanations for primate injuries are tree falls, 
fights with conspecifics, wounding by predators, 
or human-caused (e.g., by gunshot, snare, stone, 
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etc.) (Struhsaker et al. 2010; Archie et al. 2012; 
MacCormick et al. 2012). 

Conducting research in natural environments 
on how individuals recover and survive from 
trauma is difficult because of the inherent challenges 
of fieldwork and the extreme complexity of 
organismal immunity (Boughton et al. 2011). Here, 
we contribute to research on survival in natural 
environments by reporting an opportunistic case 
study of an adult female Cercopithecus monkey who 
survived life-threatening trauma. We describe the 
injury and document the behavioral responses that 
led to auto-amputation of the distal forelimb and, 
consequently, survival. To the best of our knowledge, 
this study provides the first detailed documentation 
of the natural process of auto-amputation in 
a wild monkey, reporting information on the 

Abstract: We provide a case report on an adult female Cercopithecus monkey who survived life-threatening 
trauma after a successful chimpanzee predation event occurred in her social group. The study group represents 
a unique population of Cercopithecus mitis, C. ascanius, and C. mitis x C. ascanius hybrids in Gombe National 
Park, Tanzania. We observed a habituated C. mitis-like female with an injury to her left arm. She could not 
move her arm, and photographs document the progression of the injury from normal appearance of the 
immobile arm to swelling and skin dehiscence to auto-amputation. Skin and hair grew over the stump and she 
appeared to be fully recovered from the injury. Although we did not observe directly the cause of the injury, 
we suggest it was caused by predation. To the best of our knowledge, this study provides the first detailed 
documentation of the natural process of auto-amputation in a wild monkey and highlights the adaptive 
responses to skeletal trauma in wild primates.
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possible cause, wound healing rate, and qualitative 
descriptions of behavioral responses. 

METHODS

The study subject was an adult female 
Cercopithecus monkey phenotypically identified as 
a C. mitis-like individual from the hybrid guenon 
population in Gombe National Park, Tanzania 
(Detwiler 2002, 2019). The female, Zalia, lived 
in a hybrid social group, which included male 
and female adult and immature monkeys of both 
parental phenotypes, C. mitis doggetti and C. 
ascanius schmidti, as well as hybrids with varying 
phenotypes (Detwiler 2002, 2019). Ongoing genetic 
surveys of the population from fecal sourced DNA 
included a sample of Zalia and results indicated 
that she had a C. ascanius mitochondrial haplotype 
despite a pelage phenotype that matches most 
closely with C. mitis doggetti (Detwiler 2019). The 
central home range area of the Cercopithecus hybrid 
study group was in the lower Mkenke Valley along 
Lake Tanganyika (circa -4.679885° S, 29.624125° E), 
which occurred within the Kasekela chimpanzee 
study group’s home range (Goodall 1986). The lower 
Mkenke Cercopithecus hybrid study group (MKA) 
had been studied intermittently since 1994 (Detwiler 
2002, 2019), and re-habituation of the group began 
in January 2013. Gombe has a rainy season from 
November to May and a prolonged dry season from 
June to October. 

We identified Zalia’s traumatic injury and healing 
using digital photographs taken during habituation. 
The habituation phase involved two field assistants 

(one of whom was M. Nkorangiwa) patrolling the 
study area for approximately 20 days per month, 8 
hours per day searching for the study group. Upon 
encounter, field assistants maintained contact 
with group members for as long as possible, and 
collected opportunistic ecological and behavioral 
data, as well as photographs of individuals. We 
sorted through the digital photograph collection 
for all photographs associated with Zalia’s injury 
(September 2013 to February 2014) and grouped 
photographs into events based on date and time. 
We defined an event as one or more photographs 
of the subject (Zalia) taken on the same date with a 
maximum gap of 10 minutes between consecutive 
photographs. We analyzed photographic events to 
determine the following: (1) potential causes of the 
injury; (2) estimates for the most likely dates for 
when the injury occurred and healing ended, as well 
as the range of possible dates (minimum, maximum, 
and midpoint) in which the injury and healing 
could have occurred; (3) descriptions of the injury; 
and (4) behavioral features and gross description of 
the healing process. In addition, we reviewed field 
observations recorded ad libitum (M. Nkoranigwa 
and K. Detwiler) to supplement information 
from photographs about the healing process and 
ecological context.  For clarity, hereafter we use the 
following human anatomical terminology which is 
more straightforward than the applicable veterinary 
terms: arm to describe the whole cranial/anterior 
extremity attached to the thorax (i.e., ‘upper limb/
extremity’ in humans, ‘foreleg’ or ‘forelimb’ in 
quadrupeds); forearm to describe the lower half 
of that extremity below the elbow joint (‘distal 

Figure 1. a) Photograph taken 11 October 2013 demonstrating a stiff, immobile, swollen hand and forearm consistent 
with an acute compartment syndrome (ACS) injury of the upper extremity. b) Photograph taken 11 October 2013 showing 
swelling of the injured left arm and dehiscence of the ventral forearm skin consistent with ACS injury. 

a. b.
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Figure 2. a) Photograph taken 14 November 2013 depicting the tissue necrosis and reduction of muscle mass of the left 
distal forearm, wrist and hand; the proximal margin of the injury shows the active wound (ventral midshaft of radius and 
ulna) where the study subject repeatedly bit the remaining muscle and bone. b) Photograph taken 20 November 2013 
showing the study subject’s behavioral defense of licking the injured limb near the active wound site described above.

a. b.

forelimb’ in quadrupeds); upper arm to describe 
that limb above the elbow (‘proximal forelimb’ in 
quadrupeds); ventral to describe anterior or palmar 
or volar surface and compartment of the forearm; 
and dorsal to describe the opposite posterior or 
plantar surface.

The research presented here complied with the 
Gombe Stream Research Center and the Institutional 
Animal Care and Use Committee of Florida 
Atlantic University, and the study was conducted in 
accordance with the laws of Tanzania. The research 
adhered to the American Society of Primatologists' 
Principles for the Ethical Treatment of Non-Human 
Primates. 

RESULTS

On 11 Oct 2013, we encountered Zalia in the 
central area of MKA group’s home range with a 
severe injury to her left forearm (Table 1, Figures 
1a & 1b). Auto-amputation of Zalia’s affected 
forearm occurred between 20 November and 6 
December 2013. By 5 February 2014,  skin and 
hair had regrown over the remaining forearm and 
the wound was considered healed (Figures 2 & 3). 
The estimated wound healing duration was 85 days 
(minimum duration = 69 days, maximum duration 

125 days; Table 2). The injury occurred at the end of 
the dry season. 

We did not observe the event that caused Zalia’s 
injury; however, the presence of chimpanzee 
predators and successful predation in her social 
group close to the estimated injury date suggest a 
predation attack. On 9 October 2013, a subgroup of 
the habituated Kasekela chimpanzees killed and ate 
a juvenile or young adult monkey in the central area 
of the MKA study group (Figure 4). Tail hair color 
suggested the kill was a Cercopithecus hybrid (Figure 
4). We observed chimpanzees eating monkey meat 
again in the same location on 10 October 2013, and 
chimpanzees were observed in the study group’s 
central home range again on 11 October 2013. 

We documented 10 photographic events (n = 
93 digital photographs; 1-31 photographs/event) 
associated with the injury. The initial signs and 
progression of Zalia’s injury were consistent with 
acute compartment syndrome (ACS) of the forearm 
based on a visual evaluation of the injury from the 
photographs (Figures 1-3). Acute compartment 
syndrome (ACS) in human medicine is characterized 
by immobility of the arm; intense swelling of the 
hand, wrist, and forearm; skin dehiscence; and tissue 
death (Table 1; Figures 1 & 2). During the initial 
observations of the injury, Zalia exhibited behaviors 
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Date Qualitative description 
of wound

Behavior Significance

19 SEP 2013 Healthy left arm, no sign of 
injury. 

Fully used left arm and hand during 
feeding. 

Last date of confirmed 
healthy condition. Hair 
and body condition 
appeared very good. 

10 OCT 2013 No detection of injury (left arm 
not well observed).

Socially fed in Pseudospondias 
microcarpa (fruits).

Injury concealed during 
observation, or injury yet 
to occur. 

11 OCT 2013 Severe swelling of whole left 
forearm including digits, hand, 
wrist, forearm, elbow, and mid-
upper arm. All digits present. 
Skin split open on ventral 
aspect from above elbow to 
hand. No blood. 

Movement with no weight on arm, 
extended gaze at arm, self-groomed 
arm, used right hand to hold left arm, 
exhibited open mouth breathing with 
tongue out. Rested and slept in close 
proximity to HAF1 Tatu. Approached 
and groomed by Tatu. 

First record of injury 
to the left forearm. 
Approached and groomed 
by adult female group 
member. 

12 OCT 2013 Same/similar as 11 Oct. Movement with no weight on arm, 
used right hand to hold left arm, 
walked on ground under dense 
vegetation of lower canopy. Socially 
fed in P. microcarpa (fruits) and A. 
glabberima (young shoots).

Despite severe injury, 
fed and maintained close 
proximity with group 
members.

13 OCT 2013 Same as 11 Oct. Movement with no weight on arm. 
Socially fed in P. microcarpa (fruits) 
and Elaies guineensis (fruits). Rested 
in canopy vine tangle with RAF2. 

Continued to feed and 
maintain close proximity 
with group members.

14 OCT 2013 Same as 11 Oct. Movement with no weight on arm. 
Socially fed in P. microcarpa (fruits) 
and E. guineensis (fruits). Traveled on 
ground within 50 m from the group’s 
resident BAM3, Jorge. 

Ground travel as possible 
compensatory behavior 
for arboreal locomotion. 

09 NOV 2013 Tissue necrosis and reduction of 
muscle mass in the left forearm. 
Missing distal phalanges of 
thumb. Large pieces of dead, 
peeling skin, large active wound 
on ventral aspect. 

Socially fed in P. microcarpa (fruits) 
and E. guineensis (fruits). In subgroup 
of 5 individuals, traveled through low 
canopy vines and small branches.

First record of tissue loss 
in the left forearm. 

14 NOV 2013 Large cutaneous open wound 
on ventral side of injured limb. 
Bite marks present on exposed 
surface of bone. Severe tissue 
necrosis. Clear stream of urine, 
absence of color.  

Frequently stopped during travel. 
Repetitively licked and bit ventral side 
of left forearm. 

First record of biting 
ventral surface of forearm 
bones. Apparently well 
hydrated, no evidence of 
myoglobinuria

20 NOV 2013 No visualization on ventral side 
of forearm. Dorsal side of limb 
covered in necrotic, peeling 
skin, with a small open wound 
visible.

Behavior from 14 NOV continued. Last date confirmed 
before amputation 
occurred.

06 DEC 2013 Mid-shaft (of radius and 
ulna) amputation of left distal 
forearm. Granulation tissue 
present at the distal tip of 
amputated limb, only a small 
wound evident. 

Socially fed in E. guineensis (fruits). 
In subgroup of 9 individuals, 
traveled through low canopy thicket 
vegetation; fed on insects and young 
leaves.

First record of limb loss. 

Table 1. Time series of wound healing based on all opportunistic observations of the subject.

Detwiler et al.
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09 DEC 2013 Symptoms from 06 DEC 
continue.

Rested in low canopy thicket 
vegetation.

Continuation of wound 
healing.

19 DEC 2013 Symptoms from 06 DEC 
continue.

Licked remaining wound during rest 
in low canopy thicket vegetation.

Continuation of wound 
healing.

16 JAN 2014 Wound closed at amputation 
site. 

In subgroup of 8 individuals, traveled 
and fed (seeds and insects) in low 
canopy thicket vegetation. 

First record of the healed 
wound.

29 JAN 2014 Wound closed at amputation 
site.

Groomed reciprocally with HLJ⁴. First record of grooming 
another individual since 
injury. 

05 FEB 2014 Skin and hair completely 
covering all but distal tip of 
amputated limb. 

First record of amputated 
stump with hair, and full 
recovery from injury.

Table 1. Time series of wound healing based on all opportunistic observations of the subject. (Cont.)

1HAF = Hybrid monkey (C. ascanius x C. mitis), adult female 
2RAF = Red-tailed monkey (C. ascanius), adult female
3BAM = Blue monkey (C. mitis), adult male
⁴HLJ = Hybrid monkey (C. ascanius x C. mitis), large juvenile

a.

Figure 3. a) Photograph taken 6 December 2013 showing 
the bright pink granulation tissue present at the distal 
tip of the recently amputated limb. b) Photograph taken 
5 February 2014 demonstrating complete healing and 
wound closure with hair and skin covering all but the 
distal tip of the amputated limb.

indicative of pain and stress: she used her right hand 
to hold and support her injured arm, and she open-
mouth breathed with her tongue out. We observed 
Zalia repeatedly licking and biting the dead skin, 
muscle, and bone tissue of her forearm 34 and 40 
days after detecting the first signs of trauma. On the 
next observation 17 days later, we found her with an 
amputated limb and open wound on her forearm 
stump (Table 1, Figure 3a). 

We tracked Zalia’s healing process and found 
that she maintained what appeared to be normal 
feeding, social behavior (rest in proximity and 
receive grooming), and group travel throughout the 
trauma and healing (Table 1). Our first confirmed 
record of Zalia grooming another group member 
was from January 29, 2014, shortly after the wound 
closure date estimate. Zalia mated successfully after 
the amputation and gave birth to a C. mitis-like 
infant in the middle of the late 2014 – early 2015 
birth season (estimated birthdate on November 18, 
2014); however, the infant did not survive. Prior to 
the beginning of the birth season, a new adult male 
immigrated into the study group and was observed 
threatening and attacking females with new infants 
and killing and eating at least one female’s infant 
(Detwiler, unpublished data). The first day we 
observed Zalia without her infant (November 28, 
2018), she had a fresh cutaneous wound on her right 
thigh. It is possible that Zalia received the leg wound 
during an infanticidal attack, or perhaps another 
chimpanzee predation event. Zalia self-suckled 
multiple times shortly after the loss of her infant, 
during the healing phase of her upper leg wound. 

b.

Auto-amputation in a Wild Cercopithecus Monkey
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Figure 4. Photograph of chimpanzees eating meat on 
October 9, 2013 from a kill of a Cercopithecus mitis x C. 
ascanius hybrid monkey within the central area of the 
home range of the study subject’s social group. KMD and 
MN identified the kill as a Cercopithecus hybrid based 
on hair color of pieces of skin present at the kill site (see 
photo inset). All photographs by M. Nkoranigwa.

Table 2. Date estimates of injury, amputation, and duration of wound healing.

*We used the midpoint date as the date estimate for amputation and wound closure, but not for injury. The symptoms likely developed 
very quickly after injury, and we estimated the injury date closer to the maximum/latest date. 

Health event Earliest date Latest date Midpoint date Date estimate * Estimated days 
after inciting injury

Inciting injury 19 Sept 2013 11 Oct 2013 30 Sept 2013 9 Oct 2013 0
Amputation 20 Nov 2013 6 Dec 2013 28 Nov 2013 28 Nov 2013 50
Wound closure 19 Dec 2013 16 Jan 2014 2 Jan 2014 2 Jan 2014 85

DISCUSSION

The capacity of primates in natural environments 
to heal from severe wounds and maintain high levels 
of function despite skeletal abnormalities is well 
documented in the literature (reviewed in Arlet et 
al. 2009; Struhsaker et al. 2010; Turner et al. 2012). 
In long-lived, slow-reproducing species, the ability 
to heal from trauma and adapt to skeletal deficits, 
such as limb loss, fit predictions from life history 
theory of selection favoring individuals with strong 
immunological responses and behavioral plasticity 
(Stearns 1992). However, it is rarely possible to 
document either the precise cause of life-threatening 
injuries or how individuals heal and survive (Arlet 
et al. 2009; Chapman & Legge 2009). This case study 
provides a rare detailed account of auto-amputation 
following a traumatic injury to the distal forelimb in 
a wild nonhuman primate and thus contributes to 
our understanding of the ecological and behavioral 
context of survival from severe trauma. 

Description and potential cause of the injury
In human medicine, acute compartment 

syndrome (ACS) of the upper extremity is caused by 
a wide range of factors but is often associated with 
long bone (humerus, radius or ulna) fractures or 
soft-tissue trauma without fracture, such as a crush 
injury (Prasam & Ouellette 2011; Stracciolini & 
Hammerberg 2016). Other known causes of ACS of 
the upper extremity that may explain Zalia’s injury 
include: infection, spider bite, snake bite, and arterial 
injury (Prasam & Ouellette 2011). The coincident 
chimpanzee predation attack and forearm injury 
location suggest that Zalia’s injury may have resulted 
from a crush (i.e., bite) or fracture during an attack. 

ACS develops quickly after trauma to the limb if there 
is elevated pressure within a muscle compartment 
enclosed by fascial membranes; this pressure leads to 
collapsed circulation and, eventually, ischemia in the 
tissues within that space (Prasam & Ouellette 2011; 
Stracciolini & Hammerberg 2016). 

Humans with ACS experience pain 
disproportionate to the injury, and this pain is an 
important factor in diagnosing ACS. In human 
emergency medicine, ACS requires prompt 
diagnosis and surgical intervention as it can lead 
to tissue necrosis, infection, neurological deficit, 
amputation, and death (Prasam & Ouellette 2011). 
Outcomes of life-threatening trauma, such as ACS, 
often depend on the individual’s pre-injury status 
and comorbidities (Prasam & Oulette 2011). Zalia 
had no known health concerns prior to the injury; 
however, her reproductive status (i.e., possible 
pregnancy) at the time of the injury was not known.  
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Ecological context and behavioral defenses
Because our observation of Zalia’s injury 

occurred within the ecological context of her social 
group, we may consider how environmental factors, 
as well as her own behavioral defenses, may have 
contributed to her positive outcome. Experimental 
and wild studies have found that social status and 
positive social interactions significantly influence 
wound healing (Detillion et al. 2004; Archie et al. 
2012). Despite the severe pain and discomfort the 
injury likely caused, Zalia maintained group contact, 
fed socially, and received grooming throughout the 
injury and healing periods (Table 1). Thus, Zalia 
was not isolated during this time, and the positive 
social interactions that occurred possibly promoted 
wound healing. 

Our observations confirmed that Zalia engaged 
in self-licking and self-biting behaviors, which likely 
assisted the auto-amputation. Animal self-licking of 
cutaneous wounds is a well-documented behavioral 
mechanism that enhances wound healing via saliva 
growth factors and bactericidal properties (Hutson 
et al. 1979; Hart & Powell 1990). There is some 
evidence that monkeys may engage in self-biting to 
alleviate neuropathic pain (Clemmons et al. 2015). 
Zalia’s self-biting could be a behavioral defense 
against both the pain associated with her injury and 
the discomfort of the subsequent compromised lower 
limb tissue. Her self-biting likely facilitated auto-
amputation of the distal forearm and accelerated 
her recovery and reduced complications inherent to 
arboreal movement with a paralyzed limb. 

In addition, there are environmental factors 
that may have contributed to Zalia’s healing and 
survival. Two such factors include the availability 
of ripe fruits (Pseudospondias microcarpa and Elaies 
guineensis) in the central area of the study group’s 
range and the transition from the end of the long dry 
season to the rainy season. In human cases of crush 
injuries and advanced ACS, aggressive hydration is 
an important treatment to prevent complications 
from myoglobinuria (Devarajan 2015). Despite the 
severity of her injury, Zalia did not lose her appetite 
and continued to feed on fleshy and high caloric 
fruits, which likely kept her hydrated and provided 
important nutritional and metabolic benefits. In the 
one photographic event that captured her urinating 
(Table 1, 14 Nov), we detected a normal volume of 
clear urine, suggesting she was maintaining adequate 
hydration and had no obvious myoglobinuria or 
associated complications (Devarajan 2015). A third 
factor to consider is that the study group’s home 
range habitat is characterized by heterogeneous 
vegetation cover that includes vertical columns 

of thick vine tangles and short canopy woodland 
thickets. This vegetation may have helped Zalia 
when she was most vulnerable to predation because 
of her injury.

Of note, one year later, Zalia engaged in self-
suckling behavior after her infant died, while she was 
healing from a cutaneous thigh wound. Zalia is the 
only female in the habituated study group observed 
to self-suckle. It is a behavior that is reported rarely 
in wild nonhuman primates (Majolo & McFarland 
2009; Matsumoto-Oda 1997; Struhsaker 1967) 
and may be explained as a mechanism to reduce 
pain in engorged breasts, recycle energetic and 
immunological components of milk back to the 
mother, and reduce stress caused by the loss of an 
infant (Majolo & McFarland 2009). The function of 
Zalia’s self-suckling is unknown, but the observation 
that she is the only female known to self-suckle, even 
though other females in her social group also lost 
infants during the same period, highlights health 
behavior variation within the population. Zalia’s 
self-licking, self-biting and self-suckling provide rare 
examples of wild nonhuman primate behaviors that 
may contribute to healing and survival outcomes.  
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