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Abstract 

Mouse deer are primitive, forest ungulates found in Asia and Africa. 

Both the lesser mouse deer (Tragulus javanicus) and the Philippine 

mouse deer (T. nigricans) are managed in European zoos, but 

inconsistent breeding success between institutions, high neonatal 

mortality and a general lack of research on their husbandry and 

behaviour were identified by the coordinators of the European 

Endangered Species Programme (EEP) and the European Studbook 

(ESB) for each species, respectively. This study is the first to provide 

a behavioural description for the Philippine mouse deer and to 

compile a detailed behavioural repertoire for both species.  Our aim 

was to identify the effects of current husbandry and management 

practices on the reproduction, behaviour and welfare of zoo-housed 

mouse deer. Questionnaires on husbandry and management practices 

were sent to all institutions in the EEP and ESB for the lesser and 

Philippine mouse deer, respectively, and behavioural data were 

collected in 15 of these zoos. For the lesser mouse deer, results show 

a positive effect of vegetation cover on breeding success, foraging 
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and moving behaviours. The provision of enrichment and presence of 

water ponds also positively affected these behaviours. The time that 

pairs spent in close proximity had a negative effect on breeding 

success, but animals in more vegetated enclosures spent less time in 

close proximity to each other. Results could be partially explained by 

the natural habitat of this usually solitary species being tropical forest 

providing local water sources and undergrowth for cover from 

predators. For the Philippine mouse deer there were differences in 

activity measures recorded between zoos, but the sample size was 

small with differences in training, enrichment and vegetation cover 

likely to have been important. In conclusion, since mouse deer 

inhabit overlapping male and female territories, the usual practice of 

housing breeding pairs together may be appropriate, but we suggest 

that they should be provided with opportunities to avoid each other in 

complex enclosures with ample vegetation cover to maximise their 

natural behavioural repertoire and breeding success. 

Key words: lesser mouse deer, Philippine mouse deer, chevrotain, 

animal welfare, animal husbandry, captive breeding. 

Funding: This research did not receive any specific grant from 

funding agencies in the public, commercial, or not-for-profit sectors. 

1. Introduction   

Zoos have evolved to become important conservation centres (Rabb, 

2004), by supporting in-situ  (Gusset and Dick, 2010) and ex-situ 

conservation projects (Gilbert et al. 2017). Zoo breeding programmes 

were involved in the conservation actions behind the recovery of 

25% of the vertebrates that had their threat level downgraded in the 
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IUCN Red List (Barongi et al. 2015). However, for these 

programmes to succeed, captive populations must be sustainable, and 

true sustainability is more likely to be achieved in large populations 

(Lacy, 2012). To optimise captive breeding and therefore increase 

population numbers, it is necessary to assess and improve the 

behaviour and welfare of captive animals (Swaisgood, 2007). For 

example, chronic stress is a potential inhibitor of  reproduction in 

animals (Wingfield & Sapolski, 2003) and has been found to affect 

breeding success in zoo-housed animals (Carlstead & Brown, 2005). 

However, appropriate housing and enrichment can reduce stress (thus 

improving welfare) in captive animals (Carlstead & Shepherdson, 

2000). Behaviour is a useful indicator of the welfare status of an 

animal (Mellor et al., 2015) and is highly influenced by captivity, 

with natural behaviours often changing or disappearing over time 

when not properly enabled and stimulated (McPhee, 2004), thus 

monitoring of behaviour in captive animals is paramount to welfare 

assessment.  

Mouse deer, or chevrotain (genus Tragulus), are primitive (Janis, 

1984) forest ungulates (Meijaard and Groves, 2004), native to Asia 

and Africa (Matsubayashi et al. 2003). There are three groups of 

mouse deer in South-East Asia: T. javanicus-group (three species), T. 

napu-group (two species) and T. versicolor-group (one species) 

(Meijaard and Groves, 2004). 

The lesser mouse deer belongs to the T. javanicus-group and this 

common name applies to both T. javanicus (also called Javan mouse 

deer) and T. kanchil (Duckworth et al. 2015; Timmins and 

Duckworth, 2015). T. javanicus is found in Java only, while T. 
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kanchil has a much wider range within South-East Asia (Meijaard 

and Groves, 2004). The complexity of mouse deer taxonomy has 

caused several changes in nomenclature of individual species 

(Meijaard and Groves, 2004). T. javanicus was used for both these 

species until Meijaard and Groves (2004) found that the Javan 

population was morphologically distinct from the others. The threat 

status in the IUCN Red List is uncertain for the T. javanicus from 

Java and they are listed as “Data Deficient”, as it is unclear what 

species occur in Java and which ones have actually been surveyed 

(Duckworth et al. 2015). T. kanchil is listed as “Least Concern”, due 

to being widespread, but the current population trend is unknown 

(Timmins and Duckworth, 2015). The European captive population 

of lesser mouse deer may derive from either species and therefore, 

for the purposes of this study, lesser mouse deer and T. javanicus will 

be the nomenclature used, from this moment forward, to include both 

T. javanicus from Java and T. kanchil.  

The Philippine mouse deer, or Balabac chevrotain (T. nigricans) is a 

distinct species that belongs to the T. napu-group (Meijaard & 

Groves, 2004). Listed as “Endangered” in the IUCN Red List 

(Widmann, 2015), the Philippine mouse deer population is declining 

in the wild because of hunting, deforestation and domestic trade 

(Oliver, 1993; Widmann, 2015). They are only found in the 

Philippines, in lowland forest and shrubland (Widmann, 2015). 

The lesser mouse deer has been present in European zoos since 1970, 

but a studbook was only developed in 1987 (Semrau et al. 2010). 

This species is currently managed under a European Endangered 

Species Programme (EEP). The population increased until 1998 
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(reaching a peak of 96 individuals within 25 zoos), when it started to 

decline because of inbreeding, skewed sex ratio, reduction of births 

and an outbreak of Bovine Viral Diarrhoea Virus (BVS) (Semrau et 

al. 2010). High neonatal mortality has also been identified in the 

captive population, caused by unknown circumstances or sudden 

death (Semrau et al. 2010).  

The Philippine mouse deer is a more recent addition to European 

zoos. The European Studbook (ESB) for this species was created in 

2015 (EAZA, 2015) but there are no husbandry guidelines. There are 

virtually no published data on the behaviour and ecology of this 

species, but they have been bred in captivity in the past, on Calauit 

Island (Oliver, 1993). 

It was determined by the EAZA Deer TAG (Deer Taxon Advisory 

Group of the European Association of Zoos and Aquaria) that there 

was a need to assess current management of mouse deer in European 

zoos, in order to produce evidence-based conservation breeding plans 

for these species (M.H. pers. comm.). This study aims to (1) identify 

how current husbandry and management practices might be affecting 

the breeding and behaviour of mouse deer in European zoos and (2) 

determine what factors are influencing the high neo-natal mortality in 

the lesser mouse deer captive population. 

2. Material and methods 

2.1. Husbandry and management questionnaire 

A questionnaire focusing on enclosure design, husbandry and 

management of mouse deer was sent to all institutions in the EEP and 

ESB which housed the lesser (n = 22) and Philippine (n = 7) mouse 
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deer, respectively. The questionnaire (Supplementary material A) 

consisted of questions on (1) enclosure design, including size, 

physical features and structures, temperature, other species, 

walkthrough exhibits and exposure to visitors, (2) general 

management, including group structure, separation and interactions, 

(3) breeding management, including oestrous monitoring, female 

separation during parturition and birth and offspring separation and 

(4) husbandry, including provision of enrichment, diet, type of 

feeding, training, restraining for husbandry and veterinary 

procedures, and exposure to animal keepers. The questionnaire by 

Little et al. (2016) was used as a starting point, but questions were 

adapted in order to include variables relevant to mouse deer welfare, 

according to the EAZA husbandry guidelines for the species (Semrau 

et al. 2010) and as discussed with the EEP coordinator and veterinary 

advisor. Some of the information provided by the zoos in the 

questionnaire (i.e. enclosure features and observable husbandry 

practices), was validated by the observer (RdeF) by matching it with 

data collected during visits to some of the zoos. The Bristol Online 

Surveys (BOS) tool (University of Bristol, 2017) was used to design 

and distribute the questionnaire.  

Breeding records (number of calves born) and mortality records 

(neonatal - up to 30 days old, and post-neonatal – all individuals 

older than 30 days) between 2011 and 2016 were provided by the 

EEP and ESB for each species. Post-neonatal mortality, as provided 

by the EEP and ESB, includes deaths of both juveniles over 30-days 

old and fully developed, sexually mature adults (over five months 

old; Semrau et al. 2010). Data from before 2011 were not used 
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because the information would have been less likely to relate to the 

current husbandry and management information provided by the 

zoos. 

2.2. Behavioural data collection 

Fifteen zoos (10 for lesser mouse deer and six for Philippine mouse 

deer, i.e. one shared) were visited between February and June 2017, 

to collect behavioural data. All zoos that were then part of the ESB 

for the Philippine mouse deer were visited, to maximise sample size. 

The 10 zoos that were visited to observe the lesser mouse deer (part 

of the EEP for this species) were selected after consulting with the 

EEP coordinator to provide an even representation of institutions that 

had successfully bred this species in the previous 12 months (n = 6) 

and that had not been successful (n = 4). The variety of enclosure 

types represented was maximised with two walkthrough exhibits 

(immersive enclosure where visitors can go in), three nocturnal 

exhibits (inverted light cycles) and 12 mixed-species enclosures 

(multiple animal species) for the lesser mouse deer. None of the 

Philippine mouse deer observed in the present study were kept in 

walkthrough exhibits, but one of the exhibits was nocturnal and four 

of them housed multiple animal species. An enclosure could 

simultaneously have two or more of these features (e.g. both 

walkthrough and mixed-species).  

Each individual within a breeding pair was observed using focal 

subject sampling (Martin & Bateson, 1993) for four consecutive days 

(two mornings and two afternoons, randomly assigned but for no 

more than one session a day on each individual). Each sample 
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period lasted three hours during the following times: 9:00-12:00 h 

and 13:00-16:00 h (local time) for all zoos except two, where 

sampling times were 10:00-13:00 and 13:30-16:30 due to 

institutional/management rules. Due to unexpected deaths or pair 

separation, three single individuals were observed for each species. 

Continuous recording (Martin & Bateson, 1993) of the frequency 

and duration of behaviour using an ethogram (Supplementary B) 

was achieved using an iPad mini 2, with the Animal Behaviour Pro 

app installed (version 1.2; University of Kent, 2015). The ethogram 

was designed by consulting the EAZA husbandry guidelines (Semrau 

et al. 2010), through personal observations of both species, and with 

consultation with the EEP coordinator and the keeper responsible 

for the lesser mouse deer at ARTIS zoo (institution responsible for 

the EEP). A pair of Olympus 8 x 40 DPSI binoculars was used to 

observe the animals when necessary. Proximity scans were 

conducted during each observation session, every five minutes, and 

the approximate distance of the focal animal to each individual 

within the enclosure was recorded, based on five pre-established 

categories (Supplementary material B). The position of the focal 

animal within the enclosure was also recorded every five minutes and 

categorised as being at the front or the back half of the enclosure.  In 

contrast, for walkthrough exhibits, due to different enclosure designs, 

“front” was established to be when the animal was on the visitor 

paths and “back” in areas physically off-reach by visitors, but within 

the exhibit. A digital voice recorder (Gooden 8 GB) was used to 

collect these proximity data.  
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All data were recorded by a single observer, RLdeF, ensuring 

consistency in the methodology across zoos and mouse deer pairs.  

RLdeF had plentiful previous experience in behavioural data 

collection on both wild and captive animals and undertook a month-

long pilot study to fine-tine and practice all elements of data 

collection before conducting the study. 

2.3. Statistical Analysis  

All statistical analyses were done using RStudio (version 1.0.153; R 

Core Team, 2016). Mean and 95% confidence intervals (10.000 

bootstrapped samples) were used to present summary data. 

2.3.1. Questionnaire data analysis 

Gaussian generalised linear models (GLMs) with identity link were 

used to look for the relationship between different husbandry and 

management predictors and the breeding success and mortality of 

lesser mouse deer. For the Philippine mouse deer, GLMs were not 

conducted because of the small sample size, due to so few 

institutions having this species. The median number of calves 

produced, dead neonates, and dead post-neonates for each zoo, in the 

five years of data available, were used as response variables. The 

median values were used instead of mean values due to the relatively 

small sample size. Square root and log transformations were applied 

to relevant variables (to 12 and 6 variables, respectively) in order to 

meet model assumptions by improving linearity and reducing skew 

(Little et al. 2016). Sixty-one predictors had uneven representation of 

variables and/or skewed distribution (even after transformation) and 

were dropped from the analysis, leaving 14 predictors. For variables 
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with up to two missing values, these were replaced with the mean of 

the remaining values in that variable, to allow for the use of that 

variable in the analysis (Dodeen, 2010). Pearson’s coefficient (r) and 

Variance Inflation Factors (VIF) were used to test for intercorrelation 

between predictor variables. Predictor variables with r ≥ 0.7 and VIF 

≥ 2 (Zuur et al. 2010) were not included in the same model. Different 

models were run for each of the three response variables, each 

containing a set of uncorrelated predictor variables. In order to avoid 

overfitting, no more than three models per response were run (Little 

et al. 2016). 

Full models were reduced to minimum adequate models, using 

backward-forward stepwise reduction based on second order Akaike 

Information Criterion (AICc, package MuMIn; Barton, 2016). AICc 

was chosen over AIC because it inflicts a higher penalty to additional 

variables and therefore it returns more accurate results when sample 

size is smaller (Hurvich et al. 1998). Akaike weights (package qpcR; 

Spiess, 2014) were performed to select the minimum adequate 

models (i.e. higher weight) based on the AICc values (Wagenmakers 

& Farrell, 2004). When there were multiple “best models”, as with 

similar akaike weight (∆Wi < 0.05), all were presented as possible 

“minimum adequate models”. The metric percentage deviance 

explained (%D), which measures the goodness-of-fit of a model, was 

determined and used as an indicator of the effect of predictors on 

response variables (Little et al. 2016). The effects were qualified as 

“weak” (%D < 30.0%), “moderate” (30.0% ≤ %D < 50.0%), or 

“strong” (%D ≥ 50.0%), Analysis of deviance was performed 

between full and minimum adequate models to guarantee there were 
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no significant reductions in deviance (Little et al. 2016). In order to 

identify important relationships between the predictor variables that 

were not included in any of the minimum adequate models and the 

response variables, univariate GLMs were performed. Finally, 

residual diagnostic plots were performed to verify that curvature, 

heteroscedasticity and leverage (considered problematic if Cook’s D 

≥ 1.0) were not having a significant effect on the results (Little et al. 

2016). The shortcomings of stepwise reduction include the reliance 

on one single (best fit) model with the risk of overlooking other 

important variables, and also the categorisation of predictors as 

significant or non-significant, as this may be subject to change 

depending on the other variables in the model (Whittingham et al. 

2006). These potential problems were minimised by using the AICc 

for model selection and the %D to assess predictor effects instead of 

significance levels, by using the Akaike weights to identify multiple 

“best models”, and by running univariate GLMs to look for any 

potential effects of the predictors excluded from the models.  

2.3.2. Behavioural data  

For the lesser mouse deer, GLMs were performed, following the 

same steps as before. Due to discrepancies in the duration of time 

that each mouse deer spent out of sight across zoos, the durations of 

all behaviours were converted into proportions of total time visible. 

The influence of behaviours of interest (median time that each 

individual spent out of sight; moving and foraging when visible; 

proportion of time individuals of a pair were under half a metre from 

each other and at the front of the enclosure) on the median number of 

offspring produced was checked. These behaviours were selected 
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because they appeared to be the most different between zoos (and 

therefore were more likely to have been affected by differences in 

husbandry and management practices between zoos), and also 

because they are considered to be important natural behaviours for 

the species, as reported for wild individuals (Matsubayashi et al. 

2003), thus it was important to assess them in captivity from a 

welfare perspective.  .For the analysis, the number of instances the 

animals were “in contact” and “< ½ m” were combined as measures 

of close proximity. Low frequency behaviours were grouped under 

the same category for analysis (Supplementary material B).   

Behavioural variables were then individually turned into response 

variables, in order to identify which husbandry and management 

practices (as reported in the questionnaires) were influencing the 

occurrence of these behaviours. Binomial GLMs with logit link were 

used for these data, as the response variables were proportions. As, in 

this case, an overall representation of each zoo was desired, the 

median of each of these behaviours per pair (instead of per 

individual) was used.  

For the Philippine mouse deer, Kruskal-Wallis and Dunn’s post-hoc 

tests (Bonferroni p-adjustment method, R package PMCRM; Pohlert, 

2016) were used to compare differences in mouse deer behaviour 

between the three zoos (A, B and C) where breeding pairs were 

observed. 

2.4. Ethics Approval 
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This study was approved by the Faculty of Medicine, Dentistry and 

Life Sciences Research Ethics Committee (FREC) of the University 

of Chester (Reference: 1234/17/RF/BS) 

3. Results 

Sixteen (73%) and six (86%) institutions for lesser and Philippine 

mouse deer respectively, completed the questionnaire. At the time of 

study, only one zoo for the Philippine mouse deer did not complete 

the questionnaire but it had only recently joined the ESB and 

therefore its impact on this study would have been negligible. 

3.1. Lesser mouse deer 

In EEP institutions, between 2011 and 2016, a total of 108 lesser 

mouse deer births (mean per year = 18 births, range: 12 - 22, n = 6 

years) and 24 neonatal deaths (mean per year = 4 deaths, range 1 - 6, 

n = 6 years) were recorded. Total post-neonatal mortality for this 

species, in this time frame, was 50 individuals (mean = 8 deaths, 

range, 7 - 10, n = 6 years).  

The questionnaire results show that the majority of the lesser mouse 

deer enclosures in this study were indoors-only (92%), diurnal (79%) 

and housed mixed-species (96%). Walkthrough exhibits were not 

predominant (21%). Fifty-eight percent of the mouse deer enclosures 

were provided with enrichment, and although the type and frequency 

were variable, feeding enrichment (i.e. scatter feeding and browse 

provision) was the most common type of enrichment (provided to 

50% of all enclosures: 42% daily and 8% weekly). The other types of 

enrichment were less common (4.2% for sensory enrichment, 16.7% 
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for physical and social enrichment). Training of the mouse deer was 

only conducted in 41% of the enclosures.  

The mean minimum temperature in which lesser mouse deer were 

kept in these institutions was 19.9 ºC (16-26 ºC, n = 15) while the 

mean maximum temperature was 25.5 ºC (18-31 ºC, n = 15). One 

pair of mouse deer (4.2%) in one of the zoos was kept in an outdoors-

only enclosure and two pairs (8.3%) were housed indoors but 

temperature was not controlled. 

3.1.1. Effects of husbandry and management on breeding and 

mortality  

The proportion of browse in the diet had a moderate positive effect 

on median number of offspring produced (%D = 39.90, AICc = -

7.645, Figure 1A), similar to vegetation cover, which also had a 

moderate positive effect (%D = 32.01, AICc = -5.122, Figure 1B).  

Both tree cover (%D = 28.80, AICc = -7.645) and proportion of 

vegetables in the diet (%D = 28.26, AICc = -3.935) had weak 

negative effects on median number of offspring produced. 

The median post-neonatal mortality rate was negatively affected by 

tree cover (%D = 29.82, AICc = 11.428, Figure 2A) and positively 

affected by proportion of browse in the diet (%D = 18.99, AICc = 

11.428, Figure 2B), but both these effects were weak.  

Only weak effects were found for median fawn mortality, with the   

strongest one being the proportion of vegetables in the diet (positive 

effect, %D = 20.22, AICc = 12.602), followed by minimum 

temperature (negative effect, %D = 16.50, AICc = 15.491) and 
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proportion of browse in the diet (negative effect, %D = 14.90, AICc 

= 13.570). 

Univariate GLMs did not show any strong effects of any of the 

predictors investigated on median number of offspring produced 

(%D = 5.86-5-1.68), median 30-day fawn mortality (%D = 0.26-

11.86) or median post-neonatal mortality (%D = 0.10-5.33). There 

were no significant changes in variance between full and minimum 

adequate models. 

3.1.2. Behaviour 

Even though 83% of the mouse deer (in institutions that completed 

the questionnaire) were housed in pairs or family groups, no 

agonistic behaviours between males and females were seen by the 

observer or reported by the zoos in the questionnaires. 

The proportion of time that the pair spent in close proximity had a 

strong, negative, effect on median offspring produced (%D = 67.20, 

AICc = 7.658, Figure 1C). The median offspring produced was also 

moderately affected by the proportion of time the male spent in front 

of the enclosure (negative, %D = 43.95, AICc = 11.408, Figure 1D) 

and by the proportion of time the male spent moving (positive, %D = 

33.29, AICc = 12.627). 

The proportion of time the pair spent foraging was strongly 

positively affected by the presence of ponds (%D = 58.14, AICc = 

86.236, Figure 3A), enrichment (%D = 57.6, AICc = 86.757, Figure 

3B) and vegetation cover (%D = 51.42, AICc = 94.291, Figure 3C).  

Enrichment had a moderate positive effect on the proportion of time 

that the pair spent moving (%D = 48.03, AICc = 69.524). The 
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positive effects of vegetation cover (%D = 23.57, 77.082) and 

presence of ponds (%D = 23.57, AICc = 76.738) on this variable 

were weak. Maximum temperature also had a weak, yet negative, 

effect on this response variable (%D = 18.36, AICc = 69.524). The 

univariate GLMs showed no strong effects on this response variable 

(%D = 0.58-7.79).  

The observer noticed that the animals foraged shortly after food had 

been scattered or dropped by other species in the enclosure and 

underneath those species’ feeders. It was also noted by the observer 

that the animals tended to avoid open areas within the enclosure, and 

even in the rare moments they used these areas, they quickly returned 

to more concealed spaces. 

No predictors had more than a weak effect on the amount of time a 

pair spent out of sight (%D = 0.11-14.64) and their general effects on 

proportion of time the pair spent in close proximity were also low, 

with the highest effect being a weak one from vegetation cover (%D 

= 22.51, AICc = 38.703).  

Full and minimum adequate models for all of these behavioural 

response variables showed no significant differences in variance (p = 

0.157-0.924). 

3.2. Philippine mouse deer 

Data showed that a total of 30 neonates were born between 2011 and 

2016 (mean of year = 5, 3 - 9, n = 6) and that six neonates (mean = 1, 

0 - 3, n = 6) and 15 post-neonates (mean 2.5, 0 – 8, n = 6) died during 

this period. In the 12 months prior to the study, only pair B had not 
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bred at all (Table 1). The pairs A and C had each had two calves 

where the first calf had died and the second survived. 

There were significant differences between pairs in time spent out of 

sight (Kruskal Wallis 2 = 9.77, d.f. = 2, p = 0.008, Figure 4A). Pair 

C spent significantly more time out of sight than pair B (Dunn’s post 

hoc test; p = 0.006) and appeared to spend more time not visible than 

pair A, but this difference did not reach significance (Dunn’s post 

hoc test; p = 0.066). 

Differences in proportion of time spent eating were also significantly 

different between pairs (2 = 16.48, d.f. = 2, p < 0.001, Figure 4B), 

with pair B spending more time in this behaviour than pair A 

(Dunn’s post hoc test; p = 0.005) and C (p < 0.001). 

It was noted by the observer that both animals in pair B appeared 

heavier, by visual comparison with conspecifics in other zoos, but the 

weights of the animals were not available for comparison. Even 

though this zoo reported in the questionnaire that they scatter fed 

their mouse deer (Table 1), the observer noticed that they fed mostly 

from a pile of fresh browse, provided ad libitum on a readily-

available pile on the ground. 

The proportion of time spent inactive was also significantly different 

across pairs (2 = 7.54, d.f. = 2, p < 0.023, Figure 4C), and pair A 

spent more time inactive than B and C (p = 0.024 for both).  No 

significant differences were found across pairs for any of the other 

behaviours (2 = 0.15-6.13, d.f. = 2, p = 0.046-0.953). 

4. Discussion  
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4.1. Lesser mouse deer  

4.1.1. Enclosure features.  

Ground cover such as dense vegetation has important ecological 

functions for ungulates in the wild (e.g. predator avoidance), making 

it an important habitat feature for these animals (Mysterud and 

Østbye, 1999). Mouse deer, like other ungulates, are a natural prey 

species and form part of the diet of several carnivores (Andheria et 

al. 2007); in the wild, they move around in dense vegetation to avoid 

detection (Matsubayashi et al. 2003). The present study shows that 

vegetation cover promotes breeding and the natural behaviours of 

foraging and moving, which are part of the mouse deer’s activity 

budget in the wild (Matsubayashi et al. 2003). Higher activity also 

seemed to positively affect the male reproductive success, further 

highlighting the importance of encouraging these behaviours. As all 

species in the Tragulus genus live in a forest habitat, with a 

preference for dense understorey vegetation (Duckworth et al. 2015, 

Timmins and Duckworth, 2015), well vegetated enclosures are more 

likely to mimic their natural environment and reduce stress in 

captivity. Furthermore, proximity to visitors can have a negative 

effect on the welfare of zoo-housed animals (Sherwen & Hemsworth, 

2019), which may explain why the male mouse deer in the present 

study showed lower breeding success when they spent more time in 

front of the enclosure. More complex enclosures that provide the 

animals with opportunities to avoid visitors can, however, reduce or 

mitigate this effect (Sherwen & Hemsworth, 2019). Therefore, this 

study’s findings highlight the importance of vegetation cover for the 
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welfare of captive lesser mouse deer, and concurs with studies on 

their ecology and behaviour in the wild.  

In the wild, more canopy cover means shelter from harsh weather but 

also decreased food for ungulates (Mysterud and Østbye, 1999), and 

even though trees are a feature of their natural habitat, mouse deer 

show a preference for crown-gap areas with undergrowth vegetation 

(Timmins and Duckworth, 2015).  The present study suggests that 

increased tree cover reduced both breeding success but also post-

neonatal mortality. As mouse deer fawns are born in densely 

vegetated areas, where they stay hidden under leaves or within bushy 

plants (Eisenberg & McKay, 1974), trees are less likely to offer a 

suitable habitat feature for fawns, even though they may still be 

beneficial to adult mouse deer by providing visual barriers. In 

summary, the present results suggest that undergrowth vegetation is 

more important and beneficial to captive mouse deer than tree cover.   

Low animal visibility can have a negative effect on zoo visitor 

satisfaction (Morgan and Hodgkinson, 1999) and may reduce the 

attention that visitors pay to the educational content of a zoo visit 

(Altmann, 1998), making it important for zoos to find a balance 

between visitor satisfaction, education and animal welfare, when 

designing enclosures. From this study, tree and vegetation cover had 

negligible effects on the amount of time animals spent out of sight 

and therefore, these results suggest that vegetation can be increased 

without decreasing the visibility of mouse deer.   

In the wild, this species is often found near rivers, possibly due to 

water requirements and the presence of young vegetation (Timmins 

and Duckworth, 2015). The present study suggests that the presence 
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of water-filled ponds promotes activity (i.e. foraging, moving) in 

captive lesser mouse deer, which shows that ponds may be an 

important enclosure feature for these animals. It should be noted 

however, that the number, size and depth of the ponds were not 

included in the models due to low sample size, which may have 

affected the results. The ecological importance of water structures 

has been shown in other tragulids: the greater mouse deer, Tragulus 

napu has been seen swimming in the wild (Chua et al. 2009) and the 

water chevrotain, Hyemoschus aquaticus, hides in water when 

threatened (Coughlin and Fish, 2009). No evidence of these 

behaviours was detected in the lesser mouse deer in the present study, 

but future research should further investigate the benefits and 

enrichment potential of water structures in this species.  

The lesser mouse deer is not well adapted to cold or heat, with an 

optimal temperature range of 26.6 to 29.0 ºC (Whittow et al. 1977). 

This study shows that the mean minimum temperature that lesser 

mouse deer were experiencing in European zoos is considerably 

outside their optimal range, and that no zoo housed them in 

temperatures within this range. Even though only small effects were 

found both for minimum temperature on decreasing fawn mortality 

and for increased maximum temperature decreasing activity, this may 

be because no mouse deer were housed in optimal temperatures, and 

therefore a re-assessment of current management is advised. 

4.1.2. Social housing of a solitary species 

Lesser mouse deer are solitary in the wild but their territories overlap 

with those of conspecifics of the opposite sex (Matsubayashi et al. 

2006). This study shows that most European zoos kept their mouse 
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deer in male-female pairs and that the pairs showed lower breeding 

success when they spent more time in close proximity, which 

happened more often in enclosures with less vegetation. Even though 

the effects of solitary versus social housing have not been 

investigated in the present study, no male-female agonistic 

interactions were directly observed or reported by the zoos in the 

questionnaire. Increased stress in social housing was found for other 

solitary ungulate species (e.g. captive brown brockets, Mazama 

gouazoubir; Christofoletti et al., 2010), but other examples show 

solitary ungulates can be successfully housed socially if given an 

appropriate environment (Mueller et al. 2013). More research is 

recommended but present results suggest that, considering their 

solitary nature, captive mouse deer should be given the opportunity 

to keep their distance from conspecifics by being housed in more 

complex environments which also allow concealment. 

4.1.3. Diet 

The lesser mouse deer is a “moose-type” ruminant (Darlis et al. 

2012) and low-starch, browse-dominant diets have been shown to be 

beneficial in captive moose, Alces alces (Shochat et al. 1997). In the 

present study, browse had a moderate positive effect on breeding 

success, suggesting potential benefits to mouse deer as observed in 

captive moose (Shochat et al. 1997). However, it also had an 

unexpected positive effect on post-neonatal mortality, even though 

this effect was only weak. It should be noted that the type of browse 

was not included in the models, due to data skew, and this could also 

explain the results.  Vegetables may have had some effect on 

decreasing both breeding and neonatal mortality in the present study. 
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High-starch diets are harmful to captive moose (Shochat et al. 1997) 

and they may also be to mouse deer. However, not all vegetables 

have high-starch content (Krebs-Smith and Kantor, 2001) and data 

regarding diversity within each food component (i.e. type of 

vegetable, fruit, etc.), although provided in the questionnaires in the 

present study, were too skewed to be included in the models. 

Furthermore, food ingestion was not quantified in the present study, 

and the proportions of each food component, included in the models, 

represented what is provided by the keepers and not what the animals 

actually ingested. Future studies should further investigate which diet 

components are affecting mouse deer health and welfare. 

4.1.4. Enrichment. 

Enrichment had the strongest, positive effects on foraging and 

moving behaviours, and explained about half of the variation in each 

tested variable. Effects of enrichment on behaviour and welfare of 

captive ungulates is lacking in the literature, as most of the research 

focus has been on carnivores and primates (Lemos de Figueiredo et 

al., unpublished data), but the effectiveness of enrichment in 

increasing foraging and general activity levels in captive animals has 

been seen across other taxa (Carlstead and Shepherdson, 2000; 

Watters et al., 2010; Charmoy et al., 2015). Enrichment types could 

not be included in the models, due to uneven sample size across 

categories, but foraging enrichment was shown to be the most 

common type of enrichment provided to the mouse deer, and 

probably the one that was having the most impact on their behaviour. 

Nevertheless, it should be noted that the proportions of time spent 

foraging and moving were generally low for all mouse deer, and 
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therefore the enrichment programmes in all institutions should be 

assessed, and the efficacy of each strategy/device further 

investigated.  

4.2. Philippine mouse deer 

Despite the limitations in the sample size, this is the first known 

description of behaviour in this species. 

Like the lesser mouse deer, the Philippine mouse deer is also from a 

forest habitat and relies on dense undergrowth vegetation (Widmann, 

2015). Since active hiding behaviour is often caused by fear 

(Dielenberg and McGregor, 1999) and the lack of hiding places can 

cause high stress levels in animals (Carlstead et al. 1993), a lack of 

vegetation cover in a Philippine mouse deer enclosure is likely to 

have a negative influence on their behaviour and breeding success. 

This may explain the unsuccessful breeding in Pair C and the higher 

proportion of time that they spent out of sight, concealed within the 

limited number of structures that allowed it and rarely coming out to 

explore open areas. 

Many prey species look for cover when they are inactive because 

they are more vulnerable to predators (Lesku et al. 2008). The 

increased vegetation cover for pair A did not seem to affect their 

visibility to the public, especially as they spent more time inactive 

while visible.  Pair A were also reportedly trained for crate use, using 

positive reinforcement techniques, which have been shown to reduce 

an animals’ fear of humans (Claxton, 2011), and may have also 

contributed to their habituation to humans and thus apparent lack of 

concern while resting.  
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Captive animals that have to acquire their food in a more active way 

often have improved body condition (Young, 1997).  Pair B, which 

seemed overweight, spent a higher proportion of their time eating 

directly from the ground, where the food was placed in a pile. Placing 

the food in more challenging locations or in feeders with higher 

complexity may make food more challenging to obtain, encouraging 

the mouse deer to perform more naturalistic foraging and browsing 

behaviours, as previously reported e.g. in zoo-housed giraffes Giraffa 

camelopardalis (Fernandez et al. 2008). Scatter feeding was reported 

by the zoo but not noticed by the observer and these animals spent a 

low proportion of their time searching for food (i.e. foraging) 

suggesting that this strategy is being poorly applied or showing low 

effectiveness, and should therefore be further assessed. Furthermore, 

the proportion of foraging behaviour was relatively low for all three 

pairs. Even though little is known about the behaviour of this species 

in the wild, foraging is a natural behaviour in both the lesser mouse 

deer (Matsubayashi et al. 2003) and in the greater mouse deer (Chua 

et al. 2009) and zoos should therefore encourage it. Research is 

needed to investigate what environmental enrichment works for this 

species to promote foraging and other natural behaviours. 

More research, in the wild and captivity, is needed to understand and 

compare the behavioural ecology of the little known Philippine 

mouse deer to others in the Tragulus genus. A comparison of activity 

budgets between the lesser and the Philippine mouse deer was not 

included in this study, due to high variability between zoos, but it 

was found that the same ethogram can be used for both species, as 
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they both show similar behaviours, so this should enable comparative 

research. 

5. Conclusion 

This study shows that enrichment, water ponds and vegetation cover 

are important features in lesser mouse deer husbandry and 

management, as they promoted breeding and/or natural behaviours in 

this species. Vegetation cover also allowed for animals to avoid 

conspecifics, which positively impacted breeding. More cover, 

however, did not make the mouse deer less visible to the public, and 

therefore zoos can increase visual barriers in their enclosures without 

jeopardising the public’s visibility access. The temperature range at 

which lesser mouse deer are currently kept in European zoos is 

outside the optimal range previously reported for this species and 

therefore zoos should review it. The diet results were limited by the 

questionnaire design, but they suggest that the diets that lesser mouse 

deer are fed in European zoos may not be optimal and that future 

studies should explore dietary needs further. 

For the Philippine mouse deer, this study showed some husbandry 

and behavioural differences between the three pairs observed. The 

pair in the least vegetated enclosure spent most of their time out of 

sight, while the pair in the most vegetated enclosure spent the most 

time resting while visible to the public, which may reflect the 

importance of vegetation cover in this species as well, although 

training may have been an important factor. The remaining pair spent 

the most time eating and appeared heavy, which may relate to 

feeding strategies at that zoo.  
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 This study provides a description of the main enclosure features and 

husbandry practices affecting the breeding and behaviour of lesser 

mouse deer in European zoos and, despite the limitations with sample 

size, also provides the first ethogram and description of behaviour for 

the Philippine mouse deer.   
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Figure 1. The effect of A) browse (%) in the diet B) vegetation 

cover (%) , C) median proportion of instances pair spent under 

half a meter from each other and D) proportion of time male 

spent in front of the enclosure on log transformed median 

offspring produced. The univariate logistic regression line is 

shown by the solid line and the binomial 95% confidence 

intervals around this line are shown by the shaded area. 
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Figure 2. The effect of A) tree cover and B) browse % in the 

diet on the median post-neonatal mortality. The univariate 

logistic regression line is shown by the solid line and the the 

binomial 95% confidence intervals around this line are shown 

by the shaded area.  

 

Figure 3. Median proportion of time that pairs spent foraging in 

A) the presence and absence of ponds and B) enrichment, and 

C) the effect of vegetation cover (%) on proportion of time 

spent foraging. The univariate logistic regression line is shown 

by the solid line.  

 

Figure 4. Total time (A) and proportion of time when visible 

(B-C) that Philippine mouse deer pairs A, B and C spent 

conducting each behaviour where there was a significant 

difference between pairs.  


