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Abstract
Environmental enrichment is used to improve the welfare of captive animals by providing increased 
environmental variety, the provision of choice, and the opportunity to develop competency. The efficacy 
of a range of environmental enrichment should be measured on a species-by-species basis to encourage 
species-specific behaviours and to reduce abnormal behaviours. This study aimed to identify whether 
different types of enrichment affected feeding, locomotive or resting behaviours in two (1.1) captive 
lowland tapir Tapirus terrestris housed at Dartmoor Zoo in the hour after enrichment was provided. A 
baseline period occurred in which no enrichment was given in the morning. The experimental period 
followed, in which five nutritional enrichments and four forms of sensory enrichment items were 
provided, randomly alongside the tapirs’ morning feed over a period of three months. Behavioural 
observations were collected at thirty second intervals during the hour immediately after provision. 
Generalised Linear Mixed Models found that nutritional enrichment significantly increased feeding 
behaviour, and this was the case for all five enrichment items, compared with baseline observations. 
Locomotion, resting and other behaviours were not significantly different compared with baseline 
observations. Post-hoc comparisons between enrichments revealed significant behavioural differences 
between enrichment categories. The results indicate that a wide range of enrichment, such as food-
based cognitive enrichment and biologically relevant olfactory enrichment, should be used and 
evaluated in tapir husbandry plans.

Introduction

The study of enrichment
 Enrichment can contribute to animal welfare by providing 
opportunities for positive subjective experiences via the 
Domains, as stated in The 2020 Five Domains Model (Mellor 
et al. 2020). The Five Domains Model is a framework which 
includes consideration of nutrition, physical environment, 
health, and behavioural interactions as contributors to the 
mental state and wellbeing of animals (Mellor et al. 2020). 
Enrichment can increase nutritional variety (Domain 1) in 
an animals’ diet and provide access to a wider range of the 

nutritional conditions for which the species evolved. For 
example, inclusion of bamboo enrichment into the diet of 
captive Asian elephants Elephas maximus increased the 
amount of time spent foraging and manipulating food items 
compared to hay feeds (Tscuchiya et al. 2023). The complexity 
of an animal’s physical environment (Domain 2) can also be 
influenced by enrichment, such by as offering different types 
and heights of foliage and shelters for callitrichid species (Sha 
et al. 2016), and thus provide opportunities for various forms 
of comfort and enjoyable experiences (Mellor et al. 2020). 
Enrichment can also contribute to an animals’ health (Domain 
3) by encouraging movement and reducing stress; for example, 
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supplying whole bones as enrichment elicited higher rates of non-
stereotypical activity in African lions Panthera leo (Bashaw et al. 
2002). Positive behavioural interactions (Domain 4) can also be 
promoted using enrichment (such as the use of public feeding 
interactions to elicit an increase in social activity performed by 
African elephants Loxodonta africana (Fernandez et al. 2021)) and 
provide opportunities for the conscious decision-making processes 
and cognitive agency that animals use in the wild (Coe 2017). As 
such, Domains 1 to 4 all contribute to the mental wellbeing of 
animals (Domain 5) (Mellor et al. 2020). Enrichment, when used 
appropriately in welfare-relevant contexts, may therefore be used 
to provide the positive subjective experiences needed to improve 
animals’ mental states and wellbeing (Brando et al. 2023).

Previous research has highlighted the importance of accurate 
enrichment evaluation, particularly on a species-by-species 
basis (Hoy et al. 2010). Behaviour has been used as a successful 
metric across many different species through measuring species 
specific behaviours (Huskisson 2020) and increasing the presence 
or duration of specific behaviours can be used as a goal for 
enrichment provision. For example, goats Capra hircus climb 
while foraging, so should be provided with multi-level feeding 
opportunities (Zobel and Nawroth 2020), whereas pigs Sus 
scrofa domesticus root in substrate, so prefer food in soft ground 
materials (Mkwanazi et al. 2019). Valuable research assesses 
a range of enrichment for a single species, and reports both 
successes and failures to improve husbandry practises (Mason 
et al. 2006; Yeates et al. 2008). However, strategising enrichment 
programmes and measuring their impact has proven problematic 
historically (Swaisgood and Shepherdson 2008); studies in zoos 
commonly use multiple enrichments at once, making analysis of 
individual methods difficult (de Azevedo et al. 2007; Swaisgood 
et al. 2005). Furthermore, published research tends to centre on 
primates or carnivores (de Azevedo et al. 2007; Rose and Robert 
2013). As such, environmental enrichment research should be 
extended to underrepresented captive species to ensure that 
individual enrichment practices are promoting their welfare 
effectively.

Enriching lowland tapirs
Tapirs represent a group for which enrichment assessment 
is limited (Dutra and Young 2015). Studies have anecdotally 
suggested that browse enrichment increases activity period 
length and frequency of swimming in Malayan tapir Tapirus 
indicus, but data are lacking (Rose et al. 2006; Rose and Roffe 
2008). In response, a review of occupational enrichment (items 
or practices which promote cognitive stimulation and/or physical 
interactions, Laule 2002); nutritional enrichment (involving the 
presentation of novel food types, or encouragement of specific, 
natural feeding behaviours, Ghavamian et al. 2022; Klieman et al. 
2010); and sensory enrichment (providing increased opportunity 
for visual, olfactory, auditory or tactile interactions Brando et al. 
2023; Martínez-Macipe et al. 2023) used in international tapir 
husbandry programmes was conducted (Rose and Roffe 2012). 
This study found that while at least 70% of the participating zoos 
provided enrichment for their tapir, provision of occupational 
and sensory enrichment was not ubiquitous (Rose and Roffe 
2012). Only enrichment which falls under the ‘physical’ category 
has been tested quantitatively. For example, the introduction of 
bamboo bushes and mounds of leaves were found to significantly 
increase movement and decrease resting in lowland tapir Tapirus 
terrestris, but had no significant impact on foraging, vocalisation, 
or swimming behaviours (Dutra and Young 2015). Thus, it is 
important to address the gap in our understanding of how 
alternative forms of enrichment (such as sensory enrichment 
and a wider range of nutritional enrichment), may improve the 
wellbeing of tapirs (Rose and Roffe 2012).

The lowland tapir is one of four extant, monophyletic species 
of tapir (including Malayan tapir, mountain tapir T. pinchaque, 
and Baird’s tapir T. bairdii, Ferrero and Noriega 2007). Tapirs are 
herbivorous, neotropical browsers, distributed across 11 South 
American countries (Medici 2011) and occupying a range of 
habitats from swamp forests to savannahs (de Thoisy et al. 2010). 
Lowland tapirs are mostly crepuscular and nocturnal (Gomez et 
al. 2005; Oliveira-Santos et al. 2009), therefore locating tapirs in 
situ can be difficult, so methodologies for behavioural studies are 
still being trialled and standardised (Zayonc and Coomes 2021). 
Captive tapirs are therefore studied more frequently, and research 
into body condition and diet (Clauss et al. 2009), infection diagnosis 
(Marcordes et al. 2020) and genetics (da Silva et al. 2010) has been 
conducted. In this case, we are assessing the impact of different 
enrichment items on two captive tapirs housed at Dartmoor Zoo.

This study aimed to implement various environmental 
enrichment, including some that have previously been reported 
as being used in tapir husbandry, from nutritional and sensory 
categories (Gilmore 2007; Rose et al. 2006; Rose and Roffe 2012). 
Enrichment was provided simultaneously to the usual morning 
feed due to previous research finding a spike in enrichment 
engagement before 10:00am (Dutra and Young 2015), which is 
up to 4.5 hours after sunrise. Target behaviours, such as those 
used to study tapir by Arumugam et al. (2020) including resting, 
locomotion and ingestion categories, were used to assess 
enrichment efficacy. As browsers who feed little and often (AZA 
Tapir Tag 2013), it was hypothesised that nutritional enrichment 
involving novel food presentation would increase time spent 
feeding. Additionally, tapirs select home ranges based on 
provisions such as salt licks, latrines (Montenegro 1998) and access 
to water sources (Gilmore 2007), and will travel large distances to 
utilise these resources (Noss et al. 2003; Herrera et al. 1999). As 
such, it was hypothesised that sensory enrichment (i.e. promoting 
tactile or olfactory interactions, such as scrub brushes or perfume) 
would be most effective at increasing locomotive behaviour, and 
decreasing resting behaviour. 

Materials and methods

Study animals and site
The study was conducted at Dartmoor Zoological Society in 
southern England (50.407°N 3.997°W) and involved two (n=2) 
lowland tapirs: a female (Fortuana, 15 yrs), and her son (Rofilho, 
six yrs). Fortuana was brought to the zoo 12 years ago and 
subsequently birthed four offspring, the last of which was Rofilho, 
who has lived at the zoo since birth. 

The individuals were housed together in a large paddock 
(~9063m2) comprised of two fields (~1,200m2 and ~7575m2 
respectively) and a partitioned yard (~288m2) containing a heated 
indoor habitat (~18m2). Two pools, three shelters, and various 
landscape features such as banks, hills, and trees were present in 
the fields. A metal trough for food and a tree were located in the 
yard. The area was surrounded and segregated by wooden and 
wired fences, with an external road along the western boundary. 
The road was used for all vehicles and foot traffic entering and 
exiting the zoo, including both public and staff access. The paddock 
also housed seven capybaras Hydrochoerus hydrochaeris; four 
Patagonian mara Dolichotis patagonum; five greater rhea Rhea 
americana; and five runner ducks (Anas platyrhynchos domesticus. 
Wild mallards Anas platyrhynchos and Canadian geese Branta 
canadensis also accessed the paddock during the study period. 

The tapirs were fed daily between 0900 and 1000, approximately 
1-2 hours after sunrise, with 1400 g Charnwood Browser 
Maintenance Pellet, 250 g Alpha A, 1 tsp garlic powder, 10ml 
Equivite Original Supplement, ¼ cup (approximately 60mls) of cod 
liver oil. Their second feed was given between 1500 and 1600 with 
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2 kg root veg, 1.5kg salad veg, 2.5 kg other veg, and 1.5kg leafy 
veg provided for both animals. Water and natural browse in the 
hedgerows were available ad libitum throughout the day. 

Preliminary observation
A preliminary observation period of ten hours (comprising of 
three sessions between 0900-1000, and seven one hour sessions 
between 1000-1600) occurred to determine the behavioural 
repertoire of the study animals between 1 September 2021 and 
14 September 2021. Observations were conducted in person 
from the western road, from which all external areas could be 
viewed. These preliminary observations alongside a review 
of genus Tapirus and hoofstock (reindeer Rangifer tarandus) 
ethograms in the literature (Arumugam et al. 2020; Gilmore 2007; 
Kakol 2021) resulted in the identification of seven categories 
of behaviour. These were: resting, locomotion, feeding, social, 
‘other’, elimination, sexual and agonistic (see Table 1). Two further 
adjustments were made before the production of a final ethogram, 
due to 1) no sexual or agonistic behaviour being observed, leading 
to the removal of these categories, and 2) to account for times 
when animals were not visible when inside one of the shelters, 
recorded as ‘out of sight’.

Baseline data collection
Seventeen baseline observations were conducted between 15 
September 2021 and 8 October 2021, on weekdays. Observations 
were conducted for an hour after the tapirs’ morning feed (fed 

between 0900 and 1000) from the point at which the last tapir 
stopped feeding. Scan sampling was used to record the behaviour 
of each tapir every 30 seconds. This resulted in 17 hours of 
baseline data collection per animal. The ambient temperature 
reported by The Met Office was recorded at the beginning of each 
observation. As the tapirs are on the only route into the zoo, all 
visitors must walk past them; therefore, the number of visitors 
who entered the zoo between 1000 and 1100 were subsequently 
collected and used as a measure of visitor numbers during the 
observation period. 

Experimental data collection
Nine different enrichment items were devised using tapir 
husbandry guidelines (AZA Tapir TAG 2013). The enrichment items 
provided were either completely novel to the study animals or 
had not been used within a year of the beginning of the study. 
Five were nutritional based enrichment and four were sensory 
enrichment (see Table 2). Each enrichment was implemented on 
five different days between 11 October 2021 to 13 Jan 2022 for 
24 hours. The order of implementation was randomised to reduce 
habituation. Observations began immediately after the last tapir 
had finished eating the morning feed from the trough and lasted 
one hour to produce five hours of data collection per individual 
per enrichment. Ambient temperature and the number of visitors 
at the zoo during each observation was recorded using the same 
methods as the baseline data collection.

Table 1. Ethogram for Brazilian tapir; adapted from a reindeer ethogram (Kakol 2021), and two tapir ethograms (Arumugam 2020; Gilmore 2007). 

Behaviour category Behaviour Description

Resting Standing Still on all fours.

Sitting Weight on posterior centrally or on the side with front legs extended to the ground.

Lying down Lying on front with legs folded beneath the body, extended outwards; lying on side with 
legs beneath the body or extended outwards.

Locomotion Running Galloping/trotting from one location to another.

Walking Walking from one location to another. 

Feeding Foraging Looking for or eating natural vegetation in the habitat; looking for or eating food presented 
with/as enrichment.

Eating/drinking Consumption of food from trough and/or consumption of water from ponds/streams.

Social Vocalisation Calling to conspecifics via noises produced in the oral/sinus cavity.

Physical interaction – intraspecific Sniffing, rubbing against, playing with one another.

Physical interaction – interspecific Sniffing, rubbing against, or playing with individuals of another species, including keepers.

Following Locomotion within 1.5 m behind one another, or travelling in the same direction parallel to 
one another.

Other Water Playing in/with water; swimming.

Scratching Rubbing against physical features of habitat

Investigative Sniffing (including flehmen response), exploring or interacting with physical environment/
enrichment without food consumption. 

Elimination Defecation Expulsion of faeces.

Urination Expulsion of urine.

Spraying Bursts of urine expelled posteriorly.

Out of sight Out of sight Not visible to observer, i.e. inside a shelter.
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Data analysis
All statistical testing and modelling were conducted using R Studio 
Interface (version 1.2.5019) (R Core Team 2019).

Each day of observations was treated as an experimental unit 
(Bishop et al. 2013), a method which has been successful in similar 
research (Finch and Humphries 2022; Sherwen et al. 2015). The 
count data from baseline and enrichment periods were converted 
to proportions by dividing the number of observations of each 
behaviour per day by the total number of observations. Mean 
proportions for each behaviour across enrichment categories 
and during the baseline period were calculated and Shapiro-Wilk 
testing found all variables to be non-parametric. No analysis was 
conducted on behaviours which accounted for less than 2% of 
the tapirs’ activity budgets, a cut-off point which has been used 

in similar studies (e.g. Glaeser et al. 2021) and resulted in the 
exclusion of social and elimination behaviours. 

To compare the behavioural repertoire of the tapir in each 
enrichment condition with that of the baseline, Generalised Linear 
Mixed Models (GLMMs) were run for all behaviours (foraging, 
locomotion, resting, out of sight, and ‘other’) using the ‘lme4’ 
package (Bates et al. 2014). GLMMs were selected to account for 
the non-normal distribution and non-independence of data points 
(Bateson and Martin 2021) due to data being collected from the 
same two individuals. To counteract this, ‘tapir’ was included as 
a random effect in the models (Bateson and Martin 2021; Van de 
Pol and Wright 2009). As the response variables were proportions 
derived from count data, a binomial family and logit function were 
used (Crawley 2013). Enrichment category, ambient temperature, 

Table 2. Types and descriptions of enrichment items used in the tapir habitat. The category of enrichments and descriptions, including dimensions (‘L’ 
stands for length, ‘V’ stands for volume). 

Enrichment type Enrichment name Enrichment description

Sensory

New substrates Wood chips from another site in zoo on wooden pallet (100x100 cm) 

Wind chime Wind chime secured to external beam of shelter(L=75 cm) 

Perfume Four sprays of Coco Chanel on three existing structures 

Scrub brush Scrub brush head secured to fence 

Nutritional

Blended vegetables 500g of mixed vegetables blended and placed in holes of a tube feeder (L=100 cm) 

Vegetable washing line 1.5kg of whole vegetables hung on a horizontal chain (L=200cm approx.) 

Frozen vegetables 500g of whole vegetables frozen in water using a feed bucket (V=10 L) 

Vegetables in pool 500 g of whole vegetables thrown into pool 

Puzzle feeder Spinning, wooden puzzle feeder containing half of morning pellet mix (approx. 825 g) secured to fence 
(70x70 cm) 

Table 3. GLMM results stating the effect of enrichment categories on proportion of observations spent performing each behaviour. ‘Std. Error’ = standard 
error, ‘Pr(>|Z|)’ =P values associated with ‘z value’. A value of 0.05 was used to determine significance. ‘*’ indicates Pvalues less than 0.05 and therefore 
signifies a significant difference. 

Behaviour Enrichment category 
compared to baseline

Estimate Std. error Z value Pr(>|z|)

 Feeding Nutritional 2.5864   0.5535  4.673 <0.05

Sensory 0.3037 0.5880 0.516 0.61

Resting Nutritional -0.9872  0.5450 -1.811 0.07

Sensory -0.4479 0.5284 -0.848 0.40 

Locomotion Nutritional -0.4709 0.6552 -0.719 0.47

Sensory 0.1288 0.6241 0.206 0.84

Out of sight Nutritional -0.5108 0.6048 -0.845 0.40

Sensory -0.3887 0.6257 -0.621 0.53 

Other Nutritional 0.260 1.477 0.176 0.86 

Sensory 1.018 1.377 0.739 0.46
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Discussion

The nutritional enrichment provided in this study significantly 
altered the feeding behaviour of the tapir in comparison to the 
baseline, a finding which supports the hypothesis that nutritional 
enrichment would increase the time that the tapirs spent feeding. 
This result is consistent with literature concerning nutritional 
enrichment in a range of captive species such as African elephants 
(Stoinsky et al. 2000), sloth bears Melursus ursinus (Veeraselvam 
et al. 2013) and dogs Canis lupus familiaris (Schipper et al. 2008). 
In addition, nutritional enrichments blended vegetables and 
puzzle feeder promoted a higher proportion of time feeding 
compared with new substrates and perfume respectively, though 
for most enrichments there was no difference in feeding time. 
This may be because the tapirs’ motivation to feed was lower 
during enrichment provision as they were fed prior to enrichment 
installation. Another explanation is that natural browse, and 
therefore opportunities for foraging, were available around the 
tapirs’ habitat during all conditions. Although the importance of 
enrichment should not be underestimated, this finding evidences 
the importance of suitable habitats with ample browsing 
opportunities in contributing to ungulate wellbeing (Fábregas et 
al. 2012; Hatt et al. 2005).

It was hypothesised that sensory enrichment would increase 
locomotion and decrease resting, which is not supported by our 
results when comparing to baseline behaviour, which is consistent 
with research on Rothschild giraffe (Clark and Miller 2015) and 
Icelandic reindeer (Kakol 2021). This may be because the scents, 
sounds, and textures used were not biologically relevant (i.e. not 
physiologically meaningful to the tapir) and therefore did not 
stimulate any species-specific behaviours (Wells 2009). Indeed, 
a study in which tapirs were allowed to rotate enclosures with 
predatory species - which produced biologically relevant olfactory 
enrichment through scent marking – found that the tapir displayed 
more natural territorial behaviour than before they were provided 
with opportunity to do so (White et al. 2003). Visual, olfactory 
and auditory cues are commonly used for inter-and intra-species 
communication in mammals (Hurst et al. 2008). As the tapirs 
are housed in a mixed species habitat, they are presented with 
biologically relevant sensory stimulation each day which likely 

and visitor numbers during the study period were all included 
as fixed effects. The least significant explanatory variable was 
systematically dropped from the models and the models with 
the lowest AIC value was used for the final results. Models were 
validated through the creation of QQ and heteroscedasticity plots 
using the ‘LMERConvenienceFunction’ package (Tremblay 2020).

Pairwise Wilcoxon rank sum tests were conducted for post-
hoc comparisons to determine differences between individual 
enrichment items on the tapirs’ behaviour. Bonferroni corrections 
were applied to each test (Hawkins 2009) to mitigate the increased 
chance of type I error due to the high quantity of tests performed 
(Andrade 2019). A confidence interval of 95% was used when 
interpreting P values.

Results

Baseline vs. enrichment periods
When nutritional enrichment was provided, the animals spent a 
significantly higher proportion of time feeding compared to baseline 
data, whilst sensory enrichment did not influence the proportion 
of observations spent feeding (Table 3). Resting, locomotion, out 
of sight and other behaviours were not significantly affected by 
nutritional or sensory enrichment provision (Table 3). Table 4 
shows time spent feeding was significantly higher during all five 
nutritional enrichments compared with the baseline period. 

Comparison between enrichment types
The animals spent significantly less time feeding when provided 
with the sensory enrichment of new substrates and perfume 
in comparison to when the feed-based enrichment of blended 
vegetables (P=0.02) and the puzzle feeder (P=0.05) were provided 
(Figure 1a). Locomotion was performed significantly more when 
perfume enrichment was given, compared with 3 nutritional 
enrichments; vegetables in the pool (P=0.04), frozen vegetables 
(P=0.02) and vegetable kebabs (P=0.38) (Figure 1b). Feeding 
enrichment of frozen vegetables yielded significantly lower 
proportions of resting behaviour than the scrub brush (P=0.02) 
and perfume enrichment (P=0.04) (Figure 1c). There were no 
significant differences in the proportion of time spent out of sight 
or performing ‘other’ behaviours between enrichment items. 

Table 4. GLMM results showing the impact of enrichment categories on proportion of observations spent feeding compared with the baseline category. 

Enrichment item compared with baseline Estimate Std. Error z value Pr(>|z|)

Blended vegetables 2.3975 0.8246 2.907 <0.01 

Frozen vegetables 2.3963 0.8245 2.906 <0.01

New substrates -0.6869 1.1629 -0.591 0.55

Perfume -0.6865 1.1628 -0.59 0.55

Puzzle feeder 3.6229 1.0998 3.294 <0.01

Scrub brush 0.7055 0.8247 0.856 0.39

Vegetables pool 2.3986 0.8248 2.908 <0.01

Vegetables washing line 2.4376 0.8294 2.939 <0.01
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increased the environmental complexity of their habitat (Veasey 
and Hammer 2010). Biologically relevant enrichment has been 
shown to increase activity in captive species, such as exploration 
in cats Felis catus exposed to prey scents (Machado and Genaro 
2014) or feeding bouts in horses Equus ferus caballus exposed to 
predator scents (Christensen and Rundgren 2008). Therefore, the 
tapir may have had ample opportunities to display behavioural 
diversity due to sensory stimulation which limited the impact 
of sensory enrichment. Further research assessing the effect of 
sensory enrichment on the behaviour of tapirs housed as a single 
species, or within differing enclosures would be beneficial.

The use of perfume as sensory enrichment elicited significantly 
more locomotion than three forms of feeding enrichment (frozen 
vegetables, vegetables in the pool and vegetable kebab), partially 
supporting our hypothesis that sensory enrichment would 
increase locomotion. Perfume was the only form of enrichment 
which was provided in multiple regions of the habitat (to prevent 

other species in the habitat consuming other enrichment items). 
Whilst we did not assess habitat usage in this study, the tapirs may 
have been using more of their enclosure as they moved between 
areas where perfume had been sprayed. This has been seen in 
both Rothschild giraffe (Clark and Miller 2015) and black-footed 
cats Felis nigripes (Wells and Egli 2004) whereby animals utilised a 
greater proportion of habitat space in response to novel scents. It 
stands to reason that more locomotion would be initiated during 
sensory enrichment than by feeding enrichment, which the 
tapirs could interact with while stationary. For frozen vegetable 
enrichment, the lower proportion of time locomoting was seen 
alongside in lower proportions of resting behaviour compared 
to the perfume enrichment and scrub brush conditions. This is 
consistent with research on Icelandic reindeer, who interacted 
most with enrichment involving novel food presentation, 
therefore resting less (Kakol 2021). Frozen vegetables did not 
significantly alter resting compared to the baseline however, and 

Figure 1. a) Boxplots representing proportions of observations the tapirs spent feeding while exposed to different enrichments. b) Boxplots representing 
proportions of observations the tapirs spent locomoting while exposed to different enrichments. c) Boxplots representing proportions of observations the 
tapirs spent resting while exposed to different enrichments. * indicates a significant difference.
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this highlights the importance of reviewing individual enrichment 
items. Further research using enrichment dispersed over a larger 
area of tapirs’ habitats would produce a useful comparison for the 
findings presented in this study. 

Feeding and resting behaviours were exhibited most during 
the experimental period. This contrasts pre-existing tapir activity 
budgets, which cited resting (~60% of activity in one study, Gilmore 
2007; and ~70% in another, Kinahan 2002) and investigative 
behaviour (18.5% in Gilmore 2007) as the greatest proportions 
of activity. However, the activity budgets produced by this study 
represent one hour of the tapirs’ diurnal activity directly after 
feeding, while others used 24-hour observations of behaviour 
(Gilmore 2007; Mahler 1984), which is likely the cause of these 
differences. Captive tapirs are most active in the early morning 
and mid-afternoon (Kinahan 2002), particularly due to this being 
their regular feeding time (Morgado et al. 2012). As such, active 
behaviours such as locomotion and feeding are likely to occur at 
a higher frequency in the morning and mid-afternoon than during 
the rest of the day. The expression of investigative behaviour during 
enrichment was notably lower than in tapir activity budgets from 
the literature (Gilmore 2007; Montenegro 1998), despite a 106.8% 
increase in the enrichment period. The most likely explanation for 
this is habituation (Anderson et al. 2010; Wells and Egli 2004). 
Despite the order of enrichment being randomised in this study, 
each was presented five times to the tapirs in the same manner. 
Thus, the novelty, and amount of investigation each enrichment 
type yielded, may have reduced over the experimental period.

Neither visitor numbers nor ambient temperature had a 
significant effect on the tapirs’ behaviour in the baseline or 
experimental periods. This contrasts with research on visitor 
presence and tapir behaviour whereby captive tapir exhibited less 
activity while visitor numbers were high (Dutra and Young 2015) 
and 11.2% of activity variation due to climate (Gilmore 2007). 
During the study period, temperature varied between 16°C and 
2°C, while visitor numbers ranged from 161 to 0, when the site was 
closed to the public. Both variables were within a relatively small 
range and may not have varied enough to influence behavioural 
diversity. Moreover, adverse environmental conditions (like 
extreme temperature or high public presence) have less impact 
on the behaviour and welfare of animals in suitable habitats 
(Sherwen and Hemsworth 2019). The tapirs’ habitat exceeds 
guidelines on tapir husbandry (AZA Tapir TAG 2013) in terms of 
size and provisions of shelters and pools, which may mitigate 
the effects of temperature and visitor numbers (Sherwen and 
Hemsworth 2019).

Time spent out of sight did not change significantly between 
conditions, so changes in behaviour are not due to the animals 
being in sight more or less frequently. An important note, 
particularly with regards to resting and out of sight behaviours, 
is that the use of proportional data in this study means that an 
increase in one behaviour obliges others to decrease (Jaman 
and Huffman 2008). It may not be that nutritional enrichment 
causes less desire or need for rest but that it stimulates greater 
behavioural diversity in the hour after enrichment is provided, 
reducing the proportion of time dedicated to rest. Resting 
behaviour may simply have been delayed to later in the day whilst 
observations were not being conducted.

There were fewer significant differences between enrichment 
types than hypothesised. This could be a result of the study’s 
small sample size, as applying multiple comparison corrections 
(like Bonferroni) increases the likelihood of type II error (Ranstam 
2016). Indeed, the small sample size likely reduced the statistical 
power of the results (Hawkins 2009). This does not mean however 
that the importance of the findings in this study, and their possible 
implications for tapir welfare, should be dismissed (Plowman 
2008; de Azevedo et al. 2007). Replication of the methodology in 

this study with larger sample sizes and 24-hour observations, with 
more enrichment designs installed in a greater portion of habitat 
space, would increase the positive predictive value of the findings 
and provide a wider understanding of the impact of enrichment 
on tapir.

Conclusion

The tapirs in this study spent a higher proportion of time feeding 
after the provision of food-based enrichment compared to 
baseline behaviours, as well as compared with the provision of 
some sensory enrichments. Therefore, we suggest that food-based 
enrichments such as puzzle feeders should be incorporated into 
husbandry plans to increase the expression of feeding behaviours. 
The feed-based enrichments tested, had no impact on the 
proportion of observations animals spent resting or locomoting in 
the hour after enrichment was given in comparison to the baseline 
observations. Some sensory enrichment was more effective at 
increasing locomotion and resting behaviours compared with 
some feeding enrichments but did not impact behaviour compared 
to the baseline. As such, biologically relevant olfactory enrichment 
should be prioritised over other sensory enrichment and overall, 
a range of enrichments should be implemented to encourage a 
variety of behaviour. Tapirs’ habitats can also be environmentally 
enriching, and should be designed to provide ample browsing 
opportunities, as well as structural resources which allow tapirs 
to mitigate the effects of adverse environmental conditions. 
Further research should quantify habituation in tapir to maximise 
enrichment efficacy and collect behavioural data over a longer 
time period after the implementation of enrichment. Finally, 
enrichment should be considered on an individual-specific level 
when designing tapir husbandry plans. 
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