
Introduction

Captive animals often show patterns of pelage loss
(alopecia) that are rare or absent in wild or free-
living conspecifics. Typical avian examples
include feather damage and loss in caged parrots,
often around the head and neck (1), and in farmed
poultry, usually from the body and around the
cloacal vent (2). Typical mammalian examples
include areas of shortened or missing fur on the
tails of farmed American mink (3), and patches of
thin or absent hair on the heads and shoulders of
laboratory rodents (4, 5) and the backs and limbs
of laboratory primates (6; Figure 1). Although
alopecia can be affected by changes in hormonal
status (for example, prolactin and melatonin lev-
els) and by nutrition, ageing, and reproductive
condition and/or disease (7), in captive animals it
often has a behavioural cause, resulting, for
instance, from hair-pulling. Such behaviour may
represent excessive self-grooming (as is the case
for single-housed parrots [8]) or allo-grooming
(for example, laboratory mouse “barbering” [4]),
or alternatively, may be derived from redirected
sucking (as may be the case for mink [3]) or for-
aging (there are links between feather-eating and
“pica” — the eating of non-edible objects — in
poultry [9]).

Whatever the precise aetiology, for a number of
reasons, over-grooming and pelage loss in captive
animals are often considered a sign of poor welfare.
Firstly, it is often more severe or more prevalent
during long-term treatments, which independent
evidence links with poor welfare (for example, early
weaning in mink [3]; isolation versus social-housing
for parrots [8]; alcohol intoxication for long-tailed
macaques, Macaca fascicularis [10]; and barren and
unstimulating housing conditions for other pri-
mates, such as pig-tailed macaques, M. nemestrina,
[11]). Secondly, it appears to be similar to the
human hair-plucking condition, trichotillomania
(see 5), an obsessive-compulsive disorder which,
like hair-plucking in non-human primates (here-
after called primates), is sometimes linked with psy-
chological stress (12, 13) and can often be alleviated
by anti-depressive drugs (14–16). Both these condi-
tions appear to be compulsive, and entail the pluck-
ing of one’s own or another’s hair which may then
be orally manipulated (17), and then eaten by pri-
mates, despite being indigestible (13). Finally, it
may cause, as well as reflect, poor welfare, via tran-
sient pain in plucked animals (4) or enhanced rates
of heat loss due to reduced insulation (18).
Furthermore, in poultry, the resulting skin damage,
which is vulnerable to secondary infection, may
lead to additional injurious pecking or even to 
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Figure 1: Photographs illustrating the five-point scoring scale for alopecia in primates

a) Score 1: very good coat condition

a) 
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Figure 1: continued

b) Score 2: few small patches of alopecia

b)



cannibalism (18). Recipients of hair pulling often
show fear and/or avoidance reactions, which are
likely to reflect poor welfare (13). Quantifying
alopecia is thus a potentially useful tool for welfare
assessment, especially if used in combination with
distress scoring or welfare assessment systems (for
examples of these systems, see 19, 20).

Alopecia in primates housed under laboratory
conditions most commonly results from the
pathological intensification of normal grooming
behaviour with the plucking of hair, frequently
followed by ingestion (for example, in rhesus

macaques, Macaca mulatta [13]). In socially
housed animals, this is almost exclusively due to
allo-grooming (grooming or being groomed by
another, in > 97% of instances) rather than auto-
grooming or self-grooming (13), and can be very
severe, resulting in extensive areas of baldness.
In extreme cases where the hair is ingested, this
can result in the formation of gastric trichobe-
zoars (hairballs) that may lead to severe clinical
illness (21).

Grooming behaviour, from which over-grooming
or hair-pulling is derived, has a prominent place in

Figure 1: continued

c) Score 3: large patches of alopecia, or numerous small ones that involve a surface between 25 and 50% of the back

c) 
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Figure 1: continued

d) Score 4: generalised alopecia (not patchy), more than 50% of the back

d)
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Figure 1: continued

e) Score 5: Back completely bald (more skin visible than hair-coat)

e)

198                                                                                                                                                                  P.E. Honess et al.



the normal behavioural repertoire of primates, both
in the wild and in captivity (22), so the functions
and patterns of allo-grooming in primates have
received considerable attention. It is likely that the
patterns observed in “normal” grooming behaviour
will be reflected in those observed in alopecia due to
over-grooming, both in terms of which parts of the
body are denuded of hair and which individuals
carry out or receive over-grooming. Some
researchers claim that allo-grooming is complemen-
tary to auto-grooming, focusing on those areas of
the body that cannot be reached in auto-grooming
(for example 23), so the distribution of bald patches
is likely to be a reflection of whether they are a
result of allo-grooming or auto-grooming. These
researchers have generally ascribed utilitarian
functions to allo-grooming, such as parasite and
particle removal (24, 25), while others point to its
social role in the formation and maintenance of
social bonds and alliances, as well as in the recon-
ciliation of relationships and reduction of tension
following aggressive encounters (22, 26). A number
of parameters have been known for some time to
influence the pattern of allo-grooming observed in
primate groups, including an individual’s age (27,
28) and sex (22, 29), its reproductive (30, 31) and
dominance status (32, 33), and the level of aggres-
sion in the group (34, 35).

Examining the function or cause of hair-pulling
and eating with resultant alopecia in captive
macaques, Reinhardt et al. (13) point out that it is
unlikely to result from nutritional or toxicological
factors, as none of their study animals exhibited
related clinical symptoms, nor was the pattern of
the hair-pulling behaviour uniformly distributed,
with younger animals exhibiting more than older
ones. They therefore suggest that this behaviour is,
as in humans, “a symptom of psychogenic malad-
justment”. This maladjustment may be brought
about by an animal’s permanent confinement
under stressful conditions of moderate crowding
and unchanging environment (13). It may also be
derived from the well-documented adverse effects of
single-housing on primates, since the most substan-
tial difference that can be made to the life of an
individual primate is in the provision of social
enrichment in the form of the company of appropri-
ate conspecifics. Monkeys are social animals that
live in groups in the wild. Deprivation of social rela-
tions will cause stress in a very short time, as social
deprivation studies have shown (for further discus-
sion, see 20). The effect is not only seen in the
severe consequences demonstrated by the infant
deprivation of maternal contact in the classic stud-
ies of Harlow et al. (36), but also in the vital buffer-
ing effect of the presence of conspecifics when an
individual is subjected to a stressful event (37).

Consistent with this, primate hair-pulling is
regarded by several authors as being prevalent in
captive colonies where there is also other abnormal

behaviour and/or stress (13, 38–40), and it has
therefore frequently been used as part of a suite of
behaviours when assessing psychological well-being
(41). The welfare-related nature of this behaviour
has been indicated by studies linking changes in
levels of hair-pulling with indicators such as the
incidence of stereotypic behaviour. For example,
Boccia & Hijazi (42) report a reduction in the fre-
quency of hair-pulling by as much as 88%, accom-
panied by a reduction of 81% in stereotypic
behaviour, among pig-tailed macaques (M. nemest-
rina) presented with a foraging task. Similarly, a
significant decrease in hair-pulling, together with
other self-directed stereotypic behaviours (includ-
ing self-biting and floating limb), has been reported
for long-tailed macaques (M. fascicularis) presented
with puzzle feeders (43). The introduction of long-
lasting environmental modifications, such as train-
ing, periodic foraging tasks and social pairing, has
produced long-term suppression of hair-pulling,
accompanied by sustained reduction in deleterious
behaviour, including other stereotypic behaviour
and injurious aggression (42–45). The mechanism
through which these changes act to suppress nega-
tive behaviour is unclear, but they most likely act to
increase the animals’ control over their environ-
ment by presenting opportunities to indulge in
novel behaviour or to exhibit existing behaviours in
different proportions, thereby contributing to the
alleviation of boredom.

The above studies measured the duration or fre-
quency of hair-pulling behaviour, rather than the
extent of hair loss resulting from this behaviour.
Grooming in rhesus macaques can vary from gentle
stroking of the hair, through more intensive contact
accompanied by vigorous slapping movements, to
the over-grooming or hair-pulling which is the sub-
ject of this study. Variation in the intensity of this
behaviour may mean that distinguishing between
the more intense levels of normal grooming and
hair-pulling may prove subjective or difficult if the
incidence or duration of this behaviour is being
recorded. We believe that the quantification of the
resulting hair loss or alopecia may provide a more
valuable, practical and objective indicator of wel-
fare.

Therefore, using rhesus macaques, we have
developed a scoring system for quantifying this type
of alopecia in primates. Scoring or rating systems
allow observers to visually classify the appearance
of a subject on a purpose-made scale, and have been
used in human medicine (46–48) as well as in ani-
mal welfare assessments. Scoring systems have
been used to quantify specific welfare-relevant vari-
ables, such as lameness (49–51), trapping injury
(52), chromodacryorrhoea output in rats (53), and
the effects of transgenesis on neonatal rodents (54);
to formalise judgements about overall pain or stress
levels (55, 56); and to rank aspects of housing or
husbandry (57, 58). Good scoring systems are non-
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intrusive, quick and inexpensive, and allow several
aspects of state, including the severity and extent of
a condition, to be integrated into a single value.
However, they also need to be validated before
being accepted for widespread use. For instance,
each observer must be able to reproduce his or her
scores in repeated tests (within-observer reliability;
see 50), and different observers must produce
scores that both correlate (inter-observer reliabil-
ity; see 50, 59–61) and show no significant differ-
ences in mean value (46).  Furthermore, if the
scoring system is to be used in a range of different
circumstances, or on data collected in different
ways, these methodological variations must not
affect the scores obtained (48, 51, 60).

Therefore, our aim was both to develop a scoring
system that could readily be used for laboratory pri-
mates, and to assess its reliability in terms of
observers and observation methods (still photo-
graphs versus direct observation of living animals).

Study 1: Development of a Scoring
Method

Methods

A specific pathogen free (SPF) breeding colony of
approximately 200 rhesus macaques (M. mulatta)
was used for this study. The animals were housed in
single male groups with a varying number (4–11) of
adult females and their as yet unweaned offspring
(removed from the natal group at between 12 and 18
months). They were kept indoors in typical rein-
forced stainless steel laboratory cages in the form of
three modules (each 1.20m wide × 1.20m deep ×
2.0m high) with shelves at two different heights.
This allowed the monkeys to access three different
levels. The floor was covered with sawdust, which
was changed weekly.  The cages were washed every
7 to 10 days. The animals were fed three times daily:
in the morning, with monkey chow pellets (Harlan
Teklad, Indianapolis, IA, USA); around noon, with
foraging mixture (peanuts in the shell, flaked maize,
dog biscuits, locust beans, sunflower seeds and pine

kernels, with boiled eggs in the shell twice weekly
and a few dog chocolate drops weekly; [62]), and mid-
afternoon with whole fresh fruit (bananas, apples,
oranges, etc.). Water was available ad libitum. The
animals were maintained under a 12:12-hour
light:dark lighting regime at a regulated tempera-
ture (15–24°C) and humidity (45%–65%), in accor-
dance with the UK Home Office Code of Practice for
the Housing and Care of Animals in Designated
Breeding and Supplying Establishments (63).

Photographs were taken of approximately 60
adults, while each subject was sedated with ketamine
(Ketaset; Fort Dodge Animal Health, Hedge End,
Southampton, UK) for routine annual veterinary
health screening. An optical camera and flash were
used. During allo-grooming in macaques, dorsal sur-
faces have been shown to be the single most groomed
part of the body (rhesus macaques [M. mulatta],
[26]; lion-tailed macaques [M. silenus], and Celebes
macaques [M. nigra], [24]), and when pathological
levels of over-grooming exist, hair loss is most appar-
ent from these areas. For this reason, and for ease of
observation, the dorsum was selected for assessment
of hair loss. For photographing, animals were there-
fore placed supine (to ensure that they kept a free
airway) on a piece of Vet Bed (Jørgen KRUUSE A/S,
Marslev, Denmark) on a table, with their knees
drawn up underneath and their arms in a relaxed
position beside the head. 

43 of these photographs were then selected, based
on their clarity and also to represent the full vari-
ability of pelage condition from a complete coat to
total baldness. These pictures were used to estab-
lish a scoring system that reflected the degree of
hair loss. A five-point scale scoring system was
developed, based on the coat condition of the ani-
mals’ backs (Table 1 and Figure 1).

Two independent scorers, not involved in the
development of the scoring scale, then applied this
scheme to the photographs on separate occasions.
One of them was familiar with laboratory rhesus
macaques, the other one was naïve and used the
set of photographs shown in Figure 1 as reference
for scoring the animals. Half-scale points (for
example 2.5, 3.5) were attributed where a coat con-
dition was judged to fall midway between two scale
points.

Table 1: A five-point scoring scale for alopecia in primates

Score Description

1 Very good coat condition; complete back cover
2 A few small patches of alopecia (2–5cm2)
3 Large patches of alopecia (≥ 5cm2), or numerous small ones totalling 25–50% of the surface of the back 
4 Generalised alopecia (not patchy), involving more than 50% of the back
5 Back completely bald (i.e. more skin visible than hair)
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Statistical analyses

To check their similarity, the results of the two
scorers were compared with a Pearson correlation
to check for consistent ordering (inter-observer reli-
ability), and with a paired t-test to see if there were
differences between the means of their scores.  For
each test, residuals were checked for normality and
homogeneity of variance. The Minitab 13 statistical
package (Minitab Inc., State College, PA, USA) was
used. 

Results

Inter-observer reliability proved very high (r = 0.92,
n = 43, p < 0.001; see Figure 2),  and the scores of the
two observers did not differ, i.e. one observer did not
score consistently higher than the other (t = 0.33, 
df = 42, p = 0.73). The mean scores from the two
observers were 2.74 and 2.77.

Conclusions

It is clear that the coat condition of laboratory rhe-
sus macaques can reliably be assessed from still
photographs. Note that the scores of the two
observers were in agreement, although one of them
was very familiar with laboratory rhesus monkeys,
while the other was not. Hence, it can be concluded
that scorers can easily be trained by using the mas-
ter set of photographs shown in Figure 1.  

However, it would often be much more conven-
ient to score primates directly, when awake or
restrained, rather than when sedated and/or from
photographs.  It is not always possible, nor desir-
able, to sedate animals simply to photograph their
dorsum for assessing the degree of their alopecia, so
the scoring system would be most useful if it could
be extended to non-sedated animals in their home
accommodation. To evaluate the application of this
system, it was necessary to examine whether a dif-
ferent scale point score would result from an animal
being assessed (either from a photograph or direct
observation) when sedated and posed, as opposed to
moving about in its home accommodation.  

Study 2: Comparison of Direct
Alopecia Scoring and Scoring from
Photographs

Methods

This study used the same SPF breeding colony of
rhesus macaques, housed in similar single male
social groups, as for Study 1. However, since the
first study, changes had been made in the housing

of the animals (64), which were now accommodated
in open rooms containing either cages with the
fronts removed or no caging at all. An approximate
average total of 22.8m3 of space was available per
group. Each room had an assorted, flexible arrange-
ment of wooden furniture (often diagonally
arranged logs/poles), wooden shelves and hanging
items (for example, tyres), with a woodchip forage
substrate spread on the floor. The walls of the
rooms were protected with ceramic tiles or Forex
sheeting (Lonza Ltd., Basel, Switzerland), and had
protected light and electrical fittings (metal cases).
All the rooms had a secondary door. The feeding
and watering regime, as well as the lighting, tem-
perature and humidity conditions, were the same as
for Study 1. Waste solids were removed from each
room every 2 days, and the substrate on the floor of
each room changed weekly. The rooms were given a
thorough wash down every 10–14 days.

The two observers who took part in this study
were different from those involved in Study 1, but,
as in Study 1, one was experienced with laboratory
rhesus macaques and the other was not. Monkeys
from six breeding groups, totalling six males and 29
females, were selected from the colony for this
experiment. These were not all the same individu-
als as in Study 1. The selected groups were the
smallest in the colony, and were also part of a sepa-
rate behavioural study by the two observers, so dur-
ing direct scoring, they had a high degree of
certainty of individual identification. Unlike in
Study 1, and to further test the robustness of the
scoring system, only whole number scores were
attributed; for an animal whose coat condition fell

Figure 2: Study 1: inter-observer correlation
in alopecia scores

n = 43; a number of data points are the same and are
therefore superimposed. 

rs = 0.92; p < 0.001.
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between two scale points, the score given was that
which it most closely matched.  

Photographic scoring

All the adult monkeys in the colony were sedated with
ketamine, for blood sampling and veterinary exami-
nation during the routine annual health screening, as
in Study 1. The backs of these monkeys were pho-
tographed by using a digital camera with flash for
alopecia scoring. They were photographed with a label
carrying their name and the date, in the same posture
as that described for Study 1. The two observers then
independently scored the alopecia at a later time, sep-
arately from each other. Results were not discussed
until the scoring was complete. 

Direct scoring

The same two observers scored the study animals on
another occasion, when the animals were moving
about their home enclosures, and with identification
assistance from a technician who worked with them
daily (and was able to identify all the individuals by
tattoos or individual differences). The observers
entered the colony separately, to ensure independ-
ence from each other, and the animals were scored
with reference to the sample photographs (as shown
in Figure 1), which the observers carried with them.
The accompanying technician was instructed not to
coach or prompt the observer on the condition of any
animal. As the pattern of hair loss may be asymmet-

ric, the score for each animal was not recorded until
the whole back, including both left and right flanks,
had been seen.

Statistical analyses

To test for consistency between the two observers,
their scores from both photographic and direct
observations were tested for correlation and also for
significant differences in mean values (as for Study
1). Residuals were checked for normality and homo-
geneity of variance, as in Study 1, following which
non-parametric tests were selected as being the
most appropriate. Following this, each observer’s
photographic and direct observation scores were
also compared (Spearman’s correlation, rs;
Wilcoxon signed ranks test for significant differ-
ences) to examine within-observer consistency
between the two observation methods. All the tests
were conducted by using SPSS 11.5 for Windows
(SPSS, Inc., Chicago, IL, USA).

Results

Inter-observer reliability

As with Study 1 (see above), a very high cor-
relation was found between the scores of the two
observers, both when scoring alopecia levels from
photographs (rs = 0.977, n = 35, p < 0.001; see
Figure 3a), and when using direct observation 

Figure 3: Study 2: inter-observer correlations in alopecia scores

n = 35; a number of data points are the same and are therefore superimposed.

a) From photographs; rs = 0.98; p < 0.001.

b) From direct observation; rs = 0.87; p < 0.001.
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(rs = 0.869, n = 35, p < 0.001; see Figure 3b).
Wilcoxon signed ranks tests also revealed no signif-
icant difference between the scoring of both
observers from photographs (Z = –0.577, p = 0.564,
number of pairs = 35, mean scores = 2.34 and 2.31)
and direct observation (Z = –0.924, p = 0.356, num-
ber of pairs = 35, mean scores = 2.23 and 2.34).

Consistency between observation methods

Further Spearman’s correlations and Wilcoxon
signed ranks tests showed significant correlations,
and no significant differences, between the scoring
by each observer from photographs and direct obser-
vation (Observer 3: rs = 0.856, n = 35, p < 0.001, see
Figure 4a; Wilcoxon’s Z = –0.943, p = 0.346, number
of pairs = 35. Observer 4: rs = 0.909, n = 35, 
p < 0.001, see Figure 4b; Wilcoxon’s Z = –0.302, 
p = 0.763, number of pairs = 35).

Conclusions

The high correlations and lack of significant dif-
ferences between all the measures in Study 2
demonstrated the reliable nature of the scoring
system developed in Study 1. As such, inter-
observer and inter-method reliability were
demonstrated, both for scoring from photographs
of posed, sedated animals, and from direct obser-
vation of non-sedated animals in their home cage,
and for whole-number scoring. It might be
expected that there would be small differences

between scores from photographs and direct
observation, not least due to the different body
postures and lighting conditions. Under flash pho-
tography, the light-coloured under-fur of rhesus
macaques can appear like skin, and in some cases
may result in the slight exaggeration of hair-loss
compared with the less intense and less direct
lighting in the animals’ home cages. It was reas-
suring that no significant effects were found.

General Discussion

This study demonstrates that the proposed scoring
system provides a practical method for assessing
alopecia and hair loss in primates that are either
sedated or free-moving. While the presence and
degree of alopecia remains to be correlated against
quantitative assessments of stress from physiologi-
cal and/or behavioural measures (the subject of con-
tinuing research by the authors), the repeated,
sequential use of this scoring system will enable
researchers and animal care staff to carry out sim-
ple quantified assessments of the animal welfare
benefits of changes in their environment and hus-
bandry, especially if used in combination with other
welfare assessment systems.

In addition, provided that inter-observer consis-
tency was demonstrated (as in this study), this scor-
ing system could be applied by more than one
assessor in the same study, and could also allow
results to be confidently compared from one study to
the next (c.f., for example, reference 50). It benefits
from being both an efficient use of staff time (the

Figure 4: Study 2: correlations in alopecia scores from photographic and direct methods 

n = 35; a number of data points are the same and are therefore superimposed.

a) Observer 3; rs = 0.86, p < 0.001.

b) Observer 4; rs = 0.91, p < 0.001.
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coat scoring system being less time consuming than
observing and recording over-grooming behaviour)
and easy to implement (since animals are carefully
observed and then given the closest alopecia score
based on the reference photographs). For example, in
Study 2, only approximately 30 minutes was neces-
sary to train an observer. The training involved:

1. distinguishing between genuine baldness and
what appeared to be bare patches as a result of
erect or ruffled hair;

2. familiarisation with the reference photo-
graphs;

3. identification of individual monkeys;

4. ensuring the whole dorsum (including both
flanks) was assessed; and 

5. accurate completion of data sheets.

The observation of hair-pulling behaviours would
be required to identify which animals performed
such behaviour and which events triggered it.  This
type of information is necessary to determine the
ultimate and proximate causes of the behaviour and
thus for designing strategies to reduce it and
improve welfare. Observation of grooming behav-
iour would also yield information about positive and
negative relationships between individual animals,
and would increase the probability of noticing other
behavioural problems, injuries, etc., which might be
indicative of poor welfare.

In the future, it is intended that this scoring sys-
tem could also form the basis of similar scoring sys-
tems for use on the pelages of other animals — such
as barbered laboratory rats and mice — where typ-
ically, as with primates, duration and frequency of
hair-pulling behaviour is measured (4). Hair loss
scoring has been used in rodents to examine barber-
specific patterns and the extent of hair loss by using
custom computer software (5). The proposed sys-
tem avoids the need for such specialised tools, while
permitting the examination of gross changes in hair
loss in primates.
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