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Abstract: The fossa is a specialized Malagasy carnivore housed in ex situ facilities since the late
19th century. Moderate breeding success has occurred since the 1970s, and welfare issues (notably
stereotypic pacing behaviour) are commonly documented. To understand challenges relating to
fossa housing and husbandry (H&H) across global facilities and to identify areas of good practice
that dovetail with available husbandry standards, a survey was distributed to ZIMS-registered
zoos in 2017. Results showed that outdoor housing area and volume varied greatly across facilities,
the majority of fossa expressed unnatural behaviours, with pacing behaviour the most frequently
observed. All fossa received enrichment, and most had public access restricted to one or two sides
of the enclosure. The majority of fossa were locked in/out as part of their daily management
and forty-one percent of the fossa surveyed as breeding individuals bred at the zoo. Dense cover
within an enclosure, restricted public viewing areas, a variable feeding schedule and limited view
of another species from the fossa exhibit appear to reduce the risk of unnatural behavior being
performed. The achievement of best practice fossa husbandry may be a challenge due to its specialized
ecology, the limited wild information guiding captive care, and the range of housing dimensions and
exhibit features provided by zoos that makes identification of standardized practices difficult. We
recommended that holders evaluate how and when enrichment is provided and assess what they are
providing for environmental complexity as well as consider how the public views their fossa.

Keywords: evidence-based practice; zoo husbandry; small carnivores

1. Introduction

Despite the numerous advances in the housing and husbandry (H&H) and welfare
of animals in managed care [1–3], there are still gaps in our knowledge for many zoo
species. Further development in evidence-based H&H, incorporating natural history and
behavioural ecology, that promotes evidence-based best practice, is required [1,4]. The
importance of wild ecology in zoo animal management has been highlighted in recent
studies using comparative methods to identify species-level risk factors for stereotypical
behaviour in carnivores [5–7]. Clubb and Mason [5] concluded that long daily traveling
distances and wide-ranging large-bodied species were associated with an increased risk of
expressing stereotypical behaviour in managed care. Kroshko [7] replicated these findings,
adding that range size-effect was independent of body size and established that long chase
distances were also a predictor for stereotypic pacing. These studies elucidate the need
for an animal’s behavioural ecology and natural history to be central in the development
and review of H&H best-practice for zoo animals. Furthermore, conditions of captivity
(H&H) may result in physiological stress, in which the stress response triggers hormonal,
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physiological and behavioural responses to help an animal survive potentially aversive
stimuli [8]. While these responses are adaptive, chronic stress may cause increased secretion
of glucocorticoids, reduced fecundity, inactivity or stereotypic behaviours, thus impacting
the welfare of the animal [8–10].

Where gaps in current knowledge of species management exist, global H&H surveys
can succinctly characterize critical aspects of good practice [11,12] and provide a foundation
for developing best-practice H&H guidelines. For those species with H&H guidelines, a
global survey can identify areas where facilities are not meeting or may have deviated
from prescribed H&H recommendations [12,13]. Nevertheless, such publications are rare
with only a handful of species represented in the literature, e.g., Malayan tapir (Tapirus
indicus) [11], primates (Loris sp. & Nycticebus sp) [13], banteng (Bos javanicus) [12], Burmese
brow antlered deer (Rucervus eldii thamin) [14], hippopotamus (Hippopotamus amphibius) [15],
and lechwe (Kobus sp.) [16] and is indicative that more work in this area is required.

The fossa (Cryptoprocta ferox) is categorized as Vulnerable by the IUCN [17] and
is the largest of eight extant endemic Malagasy carnivores in the monophyletic family
Eupleridae. Eupleridae is among the most threatened of carnivore families but one of
the least studied [18]. Fossa are cathemeral [19], hunt their prey both terrestrially and
arboreally, and are the only non-primate mammal to consume a high proportion of primates
in their diet [20]. Fossa are mainly solitary [21] but have been reported to socially hunt in
pairs [22]. Fossa have large home ranges, traveling up to 5–7 km per day [23–25]; males
occupy larger territories (>20 km2), which overlap with other males, and females inhabit
exclusive ranges of 7–13 km2 [26]. Despite their wide distribution in Madagascar’s western
and eastern forests, population densities are lower than predicted by body size [26]. Fossa
utilize a unique mating system where females will monopolize a site (e.g., high up in
a tree) and maximize the available number of mates [26,27]. Transient masculinization,
defined as the temporary enlargement of the spinescent clitoris supported by an os clitoridis
(baubellum) of young females 1–2 years of age has been described by Hawkins [28]. The
male traits become prominent around dispersal, and it has been postulated that this may
be a mechanism to reduce male sexual harassment of young females or enable female fossa
to evade aggression from territorial females [28].

Fossa have been housed ex situ since as early as the 19th century [29]. Captive breeding
of fossa in Europe began in 1974 at Montpellier Zoo, France [30] and in the United States
in 1989 at San Diego Zoo [31]. As of 17 October 2018, Species360 Zoological Information
Systems (ZIMS) revealed that 47 zoological institutions in Asia, Europe, and North America
house 65 males, 50 females, and two of undetermined sex, giving a total population
of 117 individuals [32]. Fossa are challenging to breed, and since the establishment of
the breeding programs, the population has slowly increased [33]. However, 2017 was a
particularly notable year for the European breeding program, with fourteen total births,
of which eight were at Duisburg Zoo, Germany [34]. Nevertheless, both the American
Zoological Association (AZA) Breeding and Transfer Plan and the European Endangered
Species Programme (EEP) have not yet met their target population for their respective
programs [34,35]. During the last two decades, the fossa population has decreased by more
than 30%, with recent estimates ranging between 2635 and 8626 fossa in the wild [17,19].
The continued fragmentation of forest habitat, hunting for food, and persecution resulting
from human/animal conflict suggests a further drop in the population will occur over the
next three generations [17,36]. This rapid decline in the wild population of fossa coupled
with continuing fragmentation of forest habitat indicates that the captive population and
managed breeding programs will become increasingly important to ensure this species’
persistence.

This review of the ecology of the fossa is important for our understanding of its
management and welfare experience in captivity. The style of reproductive interactions for
fossa, is not predicted by mating system theory and is unique for a solitary carnivore [27].
The large home ranges, daily travel distances and the fossa’s hunting style which includes
both arboreal and terrestrial pursuit of prey, are key behavioural and ecological adaptations;
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knowledge of which is beneficial to the evaluation of managed care practices. Such infor-
mation should be considered when assessing the suitability of captive care as conservation
of evolutionary adaptations in ex situ housed individuals are important for the future
viability of populations and strengthen the potential of such individuals to be included in
conservation planning in the future. Consideration of the behavioural biology of ex situ
individuals and the influences of this on conservation planning is now more important in
light of the IUCN’s One Plan Approach to conservation that calls for credible conservation
relevance of individuals under human care [37,38].

Although there is a lack of empirical study, husbandry guidelines are available for this
species offering a broad review of the current knowledge of fossa care and husbandry [39,40].
With the relatively low output of research on captive and wild fossa, a study of current H&H
practices will facilitate increased understanding of this species, which may inform future best
practice. The study aimed to investigate: (1) the demographic and population characteristics
of fossa housed in zoological collections (2) H&H practices and whether they are consistent
with current AZA and EAZA guidelines (3) the prevalence of unnatural behaviours and
identify any trends in H&H and occurrence of these behaviours in fossa. Lastly, the authors
wish to highlight areas for further empirical studies that will close gaps in our knowledge of
this species’ care needs.

2. Materials and Methods
2.1. Survey Participants and Selection

The contact details of zoological institutions holding fossa were sourced for Species360
registered zoos, and a questionnaire was sent to the 47 facilities, of which 26 responded
(55% of holders), providing a sample size of 46 individual fossa that represented 39.32% of
the total (ZIMS) captive population (Table 1), as of March 2017. Facilities responding to the
survey were located in Asia, Europe and the United States.

2.2. Survey Questionnaire

Data were collected via the distribution of an online questionnaire using SurveyMonkey
Inc. (San Mateo, CA, USA). Each holder was asked to complete a survey for all fossa housed
in their collection (Supplementary Materials; Survey S1). The questionnaire was divided into
four sections with the following variables used in the study: (1) Subject background/general
husbandry, including age, sex, origin, rearing, reproductive status, breeding success, and
information regarding H&H practices, (2)-Indoor and outdoor enclosure sizes, and features
including substrates, level of cover, trees/climbing apparatus, public viewing areas, (3) Train-
ing and enrichment including the type of enrichment provision and frequency utilized, and
(4) Expression of pacing, anticipatory behaviour, head rolling, and self-directed behaviours
(hereinafter referred to as unnatural behaviour) (Table 2). If the fossa expressed a behaviour
that was not defined the respondent could choose ‘other’ and provide an open-ended re-
sponse in the comment box. If the fossa expressed more than one behaviour they could choose
other/combined and provide explanation of the behaviour.

Enclosure dimensions were provided by the individual at the zoo who responded to
the survey. The respondent was prompted to provide a measurement or best estimated
measurement of the enclosure’s width, length and height. Respondents were provided
with the author’s contact information if they were unsure about these dimensions. Not
all respondents provided enclosure dimensions (height was the most commonly missed
measurement provided) and therefore it was assumed that those that did record height,
width and length on the survey were providing accurate information to obtain the area
and volume of the enclosure. All multiple-choice questions in the survey included ‘other,’
and open-ended responses were specified in the comments section.
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Table 1. Study population of fossa at each zoological collection included in the survey with information relating to the
total population, the sex ratio reported as male.female, the age range of animals, and how they are housed (singly, single
sex-related, breeding pair, parent w/offspring).

Zoo Number & Sex Ratio
Male.Female Age Range Housing

1 0.2 1–2 yrs Single sex related pair

2 1.1 4–10 yrs Singly

3 1.1 2–7 yrs Singly

4 1.1 10+ yrs Singly

5 0.1 10+ yrs Singly

6 0.1 10+ yrs Singly

7 1.1 10+ yrs Singly

8 2.1 6–7 yrs Single sex related pair (m), singly (f)

9 1.0 10+ yrs Singly

10 1.1 10+ yrs Singly

11 3.1 1–10+ yrs Singly (m, f), single sex related pair (m)

12 1.0 7–8 yrs Singly

13 2.0 4–5 yrs Singly

14 0.1 3–4 yrs Singly

15 1.0 4–5 yrs Singly

16 1.1 10+ yrs Singly

17 1.0 10+ yrs Singly

18 1.0 10+ yrs Singly

19 1.1 9–10+ yrs Singly

20 1.0 3–4 yrs Singly

21 1.1 8–10+ yrs Singly

22 1.0 4–5 yrs Singly

23 1.0 10+ yrs Singly

24 1.1 6–7 yrs Singly

25 0.1 10+ yrs Singly

26 2.3 1–10+ yrs Singly (f), breeding pair (when female without offspring
(m.f)), parent (f) w/offspring (m,f)

10+ refers to a fossa that is older than 10 years of age.

Table 2. Unnatural behaviour categories and definitions from the global housing and husbandry survey (2017).

Pacing Any repetitive locomotion in a fixed pattern, such as back and forth along the same route or pattern
e.g., figure of eight. Behaviour appears to have no goal or function.

Self-directed Any self-injurious behaviours, such as biting/chewing/sucking/licking, causing wounds, missing
fur or irritations. e.g., excessive grooming, tail/paw biting/sucking.

Head rolling Tossing head in circular motion

Anticipatory Behaviours relating to daily cleaning/feeding routines, e.g., locomotion, vocalisations, waiting at
hatch, keeper-directed behaviours

Other or Combination Please outline in as much detail as possible the fossa’s behaviour in the comment box
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2.3. Data Analysis

The key aim of this investigation was to summarise the useful information, applicable
to future standardisation of husbandry practices for fossa globally, from this set of survey
results. We descriptively illustrate areas of common ground as well as the characteristics
of the fossa population under test. We also tested any differences in reports of unnatural
behaviours (as categorised and reported independently by keepers and caregivers in the
survey) and breeding activity, including the presence of nest boxes.

The key null hypotheses of this study were: (1) Individual zoo husbandry and en-
closure characteristics or fossa population characteristics would not influence indoor and
outdoor enclosure area and volume.; (2) Reports of unnatural behaviour would not differ
between facilities; (3) There would be no difference in the space provided to or number of
nest boxes provided for breeding and non-breeding age fossa between facilities.

All data were analysed in Minitab v.19.2020.1, (Minitab LLC, State College, PA, USA).
Data for each factor were run through an Anderson-Darling test to assess for normality.

2.3.1. Demographic and Population Characteristics

Descriptive analysis was produced to identify the number of individuals that informa-
tion was provided on within each age category, of each sex, of what origin (wild or captive
born), how they were housed and if they were or are currently breeding. Dimensions
including area (length × width) and volume (length × width × height) of enclosures were
illustrated using box and whisker plots to identify median dimensions plus interquartile
ranges and outliers. These boxplots were drawn in Minitab and MedCalc (MedCalc Soft-
ware, Ostend, Belgium) for a subsample of fossa where zoos had provided all required
housing measures (N = 36).

To identify any significant differences reported in the indoor area, outdoor area and
outdoor height of the enclosures provided at each zoo according to the sex, age, number
per enclosure, access on or off show (yes/no), ability to hide from visitors (yes/no) and
continent where the zoo was located (Europe/America, N = 35) a Kruskal-Wallis test was
run for each factor and each outcome variable.

To test whether there was a significant association between the sex of the fossa and
being shut in or outside, and whether there was any association between the sex of the
fossa and being housed in an enclosure that did or did not enable escape from public
viewing, one-way Chi-squared tests were run.

2.3.2. Reports of Unnatural Behaviour from the Survey Responses

To analyse any association between the sex of the fossa and reported performance
of unnatural behaviour, a cross tabulation and Likelihood-ratio Chi-squared test (chosen
as most suitable for small sample sizes) was run using a two-way table of sex against
yes/no reports of unnatural behaviour. The same testing was run to test for any association
between: Public viewing (no viewing, one viewing area and more than two viewing areas)
and unnatural behaviour, and between the animal that a fossa could see from its enclosure
(no animal, another fossa, a prey species, a mixture of species) and reported unnatural
behaviour. Enrichment, density of cover within an enclosure and feeding schedule, as well
as outdoor enclosure area and outdoor enclosure height, and finally the origin (wild or
captive) and age (adult, old adult and juvenile) for reports of unnatural behaviour or not
were also examined descriptively.

2.3.3. Reports of Reproductive Success from the Survey Responses

Descriptive analysis were run on enclosure dimensions and on the number of nest
boxes provided to breeding and non-breeding fossa to illustrate any differences in space
provided to fossa that had breeding individuals compared to those non-breeding animals.



J. Zool. Bot. Gard. 2021, 2 393

3. Results

This survey provides information on a sample size of 46 individual fossa housed
across 26 institutions around the world (Asia = 1; Europe = 14; USA = 11). The biggest
single population at a subject facility was five animals. A majority of surveys were filled in
by keepers/senior keepers (N = 17) with section heads (N = 15) and curators (N = 8) also
being highly represented. Two surveys were completed by registrars, two by zoo scientists
and two by the zoo’s director.

3.1. Demographic and Population Information

There were 20 female fossa included in the same population and 26 males (Figure 1).
Most animals were in the older (post-10 years old) age group. Only three animals were wild
caught with 42 individuals being bred in captivity and there was one animal of unknown
origin. Of these wild caught animals, two were female and one was male. Perhaps not
surprisingly, these animals are all found in the oldest age bracket of the sample population.

Figure 1. Age categories of each fossa included in the survey.

The majority of fossa were housed singly (N = 36). Six individuals were housed
as single-sex related pairs, two were youngsters housed with their parent, and one was
housed as part of this breeding pair. Most zoos reported non-breeding, with 31 animals
not reproducing and 13 having bred. Two responses were not applicable. However, 22 of
the animals were of breeding age/condition and 24 were not. Most animals were parent
reared (N = 41) with four being hand-reared and one unknown rearing method.

Fossa Housing and Husbandry

For zoos that provided complete details on enclosure height, width and length of both
indoor and outdoor exhibits (the subset of 36 individual fossa) there was a wide range
noted in the amount of three-dimensional space provided. The median (IQR) outdoor area
was 60 (34.5 to 100) m2, the outdoor volume was 307.5 (126–600) m3. The median (IQR)
indoor area was 9.5 (5.54–12.50) m2 and indoor volume was 25 (12.81–43.83) m3. There
was greater variation in outdoor area and volume compared to other measures (Figure 2).
The largest outdoor enclosure provided an area of 252 m2, the smallest outdoor area was
6.25 m2., when adding height to evaluate the overall space provided the enclosure with the
largest outdoor volume was 2400 m3 and the smallest was 12.5 m3 (Figure 2). This is likely
reflective of a lack of standardised size and shape for fossa housing across zoos.
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Figure 2. Variation in space provided to individual fossa across sample zoos that provided data on indoor and outdoor (A)
area in square metres (length × width) and (B) volume in cubic metres (length × width × height).

Table 3 illustrates the results of Kruskal-Wallis testing for different factors of the
population surveyed compared to areas of indoor and outdoor enclosures, and outdoor
height. Indoor areas were larger in enclosures for animals in European zoos compared to
those in the USA and that age of the animal may influence the amount of indoor space
provided, with younger animals given more area than adults (this result only approached
significance). There is no difference between the sexes of fossa (male and female) and
whether they were likely to be locked in or out. Thirteen female animals were likely
to locked in/out and 17 male animals. Male fossa were more likely to be housed in an
enclosure that provided no escape from public viewing compared to female fossa, but this
relationship was not significant (χ2 = 2.25, df = 1; P = 0.134).

Table 3. Differences in housing of animals in this survey using 36 responses that provided all enclosure measurements and
35 responses for continent (excluding the one response).

Factor Indoor Area Outdoor Area Outdoor Height

Sex

No significant difference
H = 0.64; df = 1; P = 0.425

Female: 11.25 m2

Male: 10 m2

No significant difference
H = 2.14; df = 1; P = 0.144

Female: 94.8 m2

Male: 50 m2

No significant difference
H = 1.62; df = 1; P = 0.203

Female: 6 m
Male: 4.5 m

Age

Approaches significance
H = 5.15; df = 2; P = 0.076

Young: 14.61 m2

Adult: 9 m2

Old adult: 10 m2

No significant difference
H = 0.77; df = 2; P = 0.680

Young: 94.8 m2

Adult: 49.5 m2

Old adult: 73.3 m2

No significant difference
H = 0.92; df = 2; P = 0.631

Young: 4.5 m
Adult: 6 m

Old adult: 4.75 m

Number in enclosure

No significant difference
H = 2.95; df = 1; P = 0.09

Single: 9.5 m2

Multiple: 14.61 m2

No significant difference
H = 0.84; df = 1; P = 0.361

Single: 50 m2

Multiple: 94.8 m2

No significant difference
H = 0.22; df = 1; P = 0.641

Single: 5.5 m
Multiple: 4.5 m

Shut on/off show?

No significant difference
H = 0.17; df = 1; P = 0.680

Yes: 10 m2

No: 10.5 m2

No significant difference
H = 0.14; df = 1; P = 0.705

Yes: 76.5 m2

No: 45.5 m2

No significant difference
H = 0.57; df = 1; P = 0.450

Yes: 6 m
No: 4 m

Escape from public viewing?

No significant difference
H = 1.34; df = 1; P = 0.248

Yes: 10 m2

No: 14.61 m2

No significant difference
H = 1.78; df = 1; P = 0.182

Yes: 48 m2

No = 94.8 m2

No significant difference
H = 0.01; df = 1; P = 0.933

Yes: 5 m
No: 4.5 m

Continent

Significant difference
H = 5.50; df = 1; P = 0.02

Europe: 10.3 m2

USA: 6.25 m2

No significant difference
H = 1.64; df = 1; P = 0.20

Europe: 60 m2

USA: 70 m2

No significant difference
H = 1.9; df = 1; P = 0.168

Europe: 6 m
USA: 4.5 m
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3.2. Reports of Unnatural Behaviour

Across all survey responses, 32 fossa were documented as performing unnatural
behaviour (70%). For these animals 56% were reported as pacing, 13% performed both
pacing and anticipatory behaviour and 28% performed anticipatory behaviours. One fossa
was documented as performing self-directed behaviour. The most common unnatural
behaviour reported in both male (46%) and female fossa (30%) was pacing, and more
male fossa were reported to perform anticipatory behaviour compared to females (23%
compared to 15%).

Equal numbers of female fossa were reported as performing unnatural behaviour (10
yes and 10 no), but more male fossa presented with unnatural behaviour (N = 22) compared
to not (N = 4). A cross tabulation and Chi-squared analysis showed there to be a significant
association between sex of the animal and performance of unnatural behaviour (likelihood
ratio χ2 = 6.09; df = 1; P = 0.014). Figure 3 shows that, whilst differences are not significant
(Table 1), female fossa represented in this survey were provided with more space than male
fossa and this may explain the significant difference in higher performance of unnatural
behaviour for male animals.

Figure 3. Mean (± SE) of outdoor enclosure area, volume and dimensions for male and female fossa (N = 36) were all
enclosure measurements were provided.

The mean outdoor area provided to fossa that did not perform unnatural behaviour
was 96.4 (±23.5) m2 compared to 73.6 (±12.5) m2 for animals that were reported as perform-
ing unnatural behaviour. Height differences vary only slightly for animals that reported as
not performing unnatural behaviour (5.2 ± 0.8 m) and performing unnatural behaviour
(5.1 ± 0.33 m).

Reports of unnatural behaviour increase when fossa experience more public viewing
(Figure 4). A cross tabulation and Chi-squared using the likelihood-ratio showed a signifi-
cant association between the number of viewing points and reports of unnatural behaviour
(Likelihood ratio χ2 = 10.68; df = 1; P = 0.03), suggesting that more viewing points equates
to increased performance of unnatural behaviour.

More fossa were reported to display unnatural behaviour when in proximity (in view)
to a conspecific or other animal from their enclosure (Figure 5). This association between
the type of view and reports of unnatural behaviour was significant (likelihood ratio χ2 =
15.58; df = 6; P = 0.016). When fossa were reported as performing unnatural behaviour, this
was higher for animals that were not provided with a choice to be on or off show (66%).
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Figure 4. Percentage of observations of unnatural behaviour compared to the number of public view points at each fossa’s
enclosure.

Figure 5. The view that each fossa had from its enclosure and the count of animals seen performing abnormal repetitive
behaviour.
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All fossa were provided with enrichment and 27 fossa were trained by their facility.
Forty-six (all) fossa were provided with nutritional (food or taste enrichment), 23 fossa
experienced auditory enrichment, 41 had tactile enrichment, 30 had visual enrichment, 32
had cognitive enrichment, 18 experienced social enrichment and 44 animals were kept in
exhibits where the physical features of the enclosure were enriching.

A more frequent schedule of enrichment was provided to fossa that performed un-
natural behaviour (68%) compared to animals that did not perform unnatural behaviour
(32%). More fossa were reported as performing unnatural behaviour in an enclosure with
limited cover (50%) whereas only six cases (19%) were reported in enclosures that provided
dense cover. The limited number of wild-caught animals in the sample population meant
no meaningful analysis of reports of unnatural behaviour compared to the origin of the
fossa (wild or zoo-born) could be undertaken. A higher percentage of adult (89%) and old
adult (62%) fossa were reported as performing unnatural behaviour compared to young
animals (43%).

The lowest reports of unnatural behaviour were for animals with a variable time
schedule for feeding throughout the day (13% reported unnatural behaviour with a varied
schedule compared to 34% with a once-a-day feed and 53% with a twice-day-feed). No
cases of anticipatory behaviour were reported for animals with a variable feeding strategy.
A twice-day-feed provided the highest reports of anticipatory behaviour (67%) and pacing
(56%) for all fossa.

Details on heated nest boxes were provided for 38 animals. Only seven animals
(six facilities) were provided with a heated nest box. Thirty-one animals had no heated
nest box (18 facilities).

3.3. Breeding

Twenty-two animals in the sample were housed with the intention of breeding and
13 animals had actually bred. All except one of these animals were captive bred and
all except two animals were classed as older adults (over 10 years old) with these two
remaining individuals classed as adult. Results may therefore be confounded by the
number of young, non-breeding animals in the survey population.

For the 36 fossa where all enclosure dimensions were provided, animals that had
bred were provided with larger outdoor areas (95.3 ± 19 m2) compared to 74.1 ± 13.9 m2,
and larger indoor areas too (15.56 ± 5.31 m2 against 13.1 ± 2.17 m2). Figure 6 illustrates
enclosure dimensions for reproductively active/inactive animals.

Figure 6. Comparison of mean indoor and outdoor area and volume for breeding and non-breeding
fossa in this sample of zoos.
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There seems to be no clear relationship between reproductive activity and the number
of nest boxes provided to captive fossa (Figure 7) except for where no nest box is available,
no breeding occurs.

Figure 7. The relationship between the number of nest boxes provided and reports of breeding activity in this sample of
captive fossa.

4. Discussion

These results represent a thorough analysis of fossa H&H across North American,
European and Asian facilities. Our study found that most fossa are ten years of age or
older, housed singly, and the majority of fossa expressed unnatural behaviours, with pacing
behaviour the most frequently observed. All fossa received enrichment, and most had
public access restricted to one or two sides. The majority of these fossa had either another
fossa or other animal in proximity to its enclosure and most fossa were locked in/out
as part of their daily management. Forty-one percent of the fossa surveyed as breeding
individuals bred at the zoo and four facilities with current non-breeding individuals, had
previously bred at their zoo.

Housing area and volume varied greatly across facilities. Initially, the European
standards recommended an outdoor exhibit space of at least 20 m2, with an exhibit height
of at least 2.5 m, and an indoor area of at least 10 m2 for a total of 30 m2 [39,41]. However,
as fossa are prone to developing abnormal repetitive behaviours (ARBs) when housed
in small enclosures lacking complexity, it was determined that these dimensions were
not adequate [39]. The AZA small carnivore TAG and European guidelines currently
recommend a larger size of at least 50 m2 with a minimum vertical height of six meters for
AZA and more than three meters for European standards [39,40]. Thirty-nine percent of
collections that provided all enclosure measurements did not meet the prescribed exhibit
size recommendations. Forty-four percent of fossa were housed in enclosures that met
AZA criteria for exterior height, and 89% met European guidelines. However, there was
a marked decrease for indoor height, with only 6% of fossa having interior spaces with
heights of six meters and 31% with heights over three meters.

Husbandry guidelines suggest that it is essential that sibling pairs (before reaching
maturity) or females raising young are housed in spacious exhibits [39,40]. When housing
two individuals together, the space recommendation increases to 89 m2 [39]. Of the eight
animals housed in pairs, two were in an enclosure that did not meet the specified husbandry
recommendations. In addition, in this study, females were provided with more space than
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males. Fossa have large home ranges and travel between 5 and 7 km per day [23,25]. Two
radio collared male fossa tracked in western Madagascar had home-range sizes of 22.7 to
26.2 km2 with females ranging from 7.84 to 12.69 km2, indicating that males have 2–3 times
the home range of females [26]. In several studies, species where males occupy larger home
ranges and travel further than females in the wild paced more in managed care, e.g., okapi
(Okapia johnstoni) [42], common wombats (Vombatus ursinus; [43] and Prezwalski horses
(Equus ferus prezewalksii) [44]. Adding to the complexity of species management is that a
zoo animal’s response to confinement challenges may be multifactorial, and simply the
provision of a larger space for a wide-ranging species may not mitigate abnormal behaviour.
For example, Kroshko [7] found that the relationship between home range size and pacing
is not always mediated by an animals daily traveling distance. Instead, some other aspect
of being wide-ranging induces this behavioural response, e.g., a need for novelty. Novelty
in this instance refers to wide-ranging mammalian carnivores only covering a portion of
their overall range daily and naturally moving from place to place, (e.g., different denning
areas) throughout the year [7]. Despite the homeostatic needs of wide-ranging species
being met in managed care, facets of these lifestyles cannot be readily relinquished as they
are driven by internally motivated behaviour (behavioural needs) that promote fitness in
the wild [7]. In turn, pacing behaviour may manifest because of an inability to cope in their
environment [45]. In our study, we also found that adult fossa (5–10 years of age) and older
adults (10+) performed the most unnatural behaviour and were also housed in enclosures
with interior and exterior space smaller than animals between 1–5 years of age. While
recommendations suggest larger enclosure for sibling pairs and females raising young
further research into the size, quality and shape of space, for fossa of all ages is suggested.

Unnatural behaviour increased in prevalence at enclosures with two or three public
viewing points compared to those with 0 or 1 public viewing areas. Current husbandry rec-
ommendations suggest public access should be limited to one or two sides of their habitat
to enable fossa to retreat from public disturbance [39,40]. The majority of facilities met these
recommendations, with only 7% of fossa housed in an enclosure that featured three public
viewing sides. The nature of a zoo’s mission may be to immerse people with wildlife, which
results in design protocols that preclude visual and auditory barriers between animals
and visitors. However, visitor proximity to animals in a captive setting may be closer than
what is comfortable to an animal [10]. Deleterious behavioural response to visitors has
been documented in numerous species, particularly in nonhuman primates [46,47] and
felids [48,49]. Although some studies have found individual differences in animals [50] as
well as positive or neutral responses to visitor presence [51,52]; most studies examining
visitor effects found that zoo visitors cause stress to animals [53]. Despite most of the facili-
ties meeting the prescribed husbandry recommendations for public access for fossa, the
propensity of unnatural behaviour (particularly pacing) witnessed by survey respondents
suggests that aspects of the current practices are insufficient. Visitor studies are deficient
on the effect of visitors on fossa behaviour, and further research in this area would help
determine appropriate public viewing points.

Although there are a few incidences of communal hunting [22] the fossa is generally
a solitary species. While, male home-ranges may overlap, females have exclusive ranges
and interaction with conspecifics is typically limited to brief periods during the breeding
season [23]. The results indicate that fossa expressed more unnatural behaviours when in
view of conspecifics and other species. Males exhibited these behaviours more frequently
than females. Two collections noted that pacing was exacerbated when females were in
estrus, or the fossa were housed in the proximity of the opposite sex. Year-round housing in
proximity to conspecifics may create over-stimulation. For example, as the male attempts
to reach a receptive female (or disperse from the female), he is repeatedly thwarted, from
accessing or effectively moving out of olfactory, auditory or visual sight of the female; this
may, in turn, result in frustration-induced abnormal repetitive behaviours [54]. The ‘coping
hypothesis’ maintains that stereotypical behaviour may enable an animal to successfully
cope with a stressful environment [55]. Pacing may be a coping function to alleviate inter-
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vals of arousal and may not always be correlated with systems associated with stress, such
as higher glucocorticoid secretion [56]. However, evidence indicates that eliminating or
reducing the need for stereotypic behaviour is linked to greater animal welfare [57] and,
therefore, the chances of a more natural life in the zoo. Nonetheless, it is important to note
that in some cases preventing stereotypes from occurring may increase arousal [58–60] or
their eradication may not be possible due history (prior to zoo arrival) which may have
triggered the need for behaviour [45]. Therefore, the overall management goal should be
to mitigate for pacing behaviour before it is expressed. Facilities should ensure the recom-
mended distance between individual pairs of 10 m [40] has been met or consider increasing
distances. Additionally, facilities should ensure effective auditory and visual barriers are
constructed between males and females outside of breeding season/introductions.

Sixty-five percent of the fossa in this study were either locked-in or locked-out for a
portion of their day. A greater occurrence of unnatural behaviour were also reported for
animals that were not provided with free access to interior and exterior aspects of their
enclosure. Evidence is widely available on the subject and suggests that empowering
captive animals with the freedom to choose benefits their wellbeing [61–64]. For example,
Ross [65] noted that allowing polar bears (Ursus maritimus) to access an off-show den
had a substantial positive effect on behaviours, reducing stereotypies, and increasing
species-specific behaviour. Ensuring animals have unrestricted access to all aspects of their
enclosure outside of feeding and cleaning should be a husbandry priority. If this is not
plausible, providing fossa with additional opportunities to make choices and control their
environment is essential.

In this study, feeding schedule influenced pacing and anticipation behaviour. Fossa
fed twice per day were reported to express more anticipatory and pacing behaviour then
those fed once or three times per day. Fossa that were fed on variable schedule (no
set time throughout the day) had the lowest occurrence of unnatural behaviour and no
anticipatory behaviour were reported. Anticipatory behaviour is expressed in the time
between the signaling of an event and the occurrence of the event (e.g., food delivered,
or allowed interior/exterior access). Anticipatory behaviour can be exacerbated due
to highly predictable feeding times and routines [2]. Use of anticipatory behaviour as
an indicator of an animal’s emotional state has been postulated [66,67] and, at present,
only a limited number of small N studies have explored anticipatory behaviour as an
indicator of zoo animal welfare [2,68]. Although, husbandry practices across zoos are
carried out in relatively similar operating hours, variability within that time is achievable.
Irrespective of whether anticipatory behaviour is considered as an indicator of an animal’s
desire for the next positive event, e.g., feeding or moving inside/outside or not, wild
and free-living animals do not express these behaviours. When a free-living animal’s
homeotstatic imbalance triggers a strong drive for feeding, the animal has autonomy or
agency and responds to the physiological mechanisms of hunger by hunting or consuming
food. An animal lacking agency cannot express appetitive or consummatory behaviour as
a response to hunger and in turn may respond with anticipatory behaviour or stereotypic
behaviour [8,69]. Although, some studies have found evidence of dopamine release during
the expression of anticipatory behaviour [67,70]. Elevated levels of dopamine are not
always associated with the experience of pleasure [71] and that the interpretation of the role
of mesolimbic dopamine may be ‘wanting’ [72], a state that is not necessarily positive [73].
Although, we may not be able to replicate the wild in our enclosure designs and the
methods we use to drive ‘naturalistic behaviour’ are indeed, not necessarily components
of an animal’s natural environment (e.g., training, artificial enrichment devices, [74]),
the expression of unnatural behaviours by their very nature are a limiting factor for the
expression of species-specific behaviours. Thus, it is important to acknowledge such in
moving forward with welfare assessment and ecologically informed husbandry.

A complex environment may reduce stress by increasing more scope for animals
to express species-specific behaviours, thus decreasing unnatural behaviours [75] and
potentially improving reproductive potential [76]. The AZA Guidelines (2011) specify the
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use of environmental enrichment with fossa including sensory (e.g., scent trails, herbs,
nature sounds), food-based (e.g., scatter feeds, hiding food, horsetails), manipulative (e.g.,
cardboard boxes, boomer toys, antlers) and physical environment (e.g., furniture change,
varied substrates). All collections in this study reported the use of food/taste-based
enrichment, with most zoos also utilizing tactile/manipulation and olfactory/sensory
enrichment practices. Fossa that expressed more unnatural behaviour received more
opportunities for enrichment. EAZA and AZA guidelines recommend trees or artificial
climbing structures with ‘limbs’ to provide usable vertical space for climbing and resting
space for fossa [39,40]. However, twenty percent of surveyed zoos did not feature trees in
the enclosure. Interestingly, 89% of those individuals housed in treeless exhibits expressed
unnatural behaviour. More fossa were reported as performing unnatural behaviour in
enclosures with limited cover compared to those reporting dense cover. Diminished
environmental complexity is linked with increased predictability [69]. Research by Neave
et al. [77] found that dairy calves (N = 32) housed in unenriched (basic) pens performed
more anticipatory behaviour for access to a reward pen (i.e., extra space) when compared to
calves in enriched housing (enhanced environmental features), irrespective of whether the
reward pen was unenriched or enriched. Unenriched calves also showed a decreased level
of anticipatory behaviour when the reward quality was unexpectedly reduced whereas
enriched calves increased anticipation with lowered reward quality. Therefore, calves
in the unenriched environment were more sensitive to rewards and reward quality than
calves that had enriched housing. Such research demonstrates the sensitivity of animals in
impoverished environments to perform anticipatory activities and suggests that this may
be a form of unnatural behaviour that is caused by the prevailing environmental conditions
around the individual.

In the wild, fossa inhabit dense forests with large home ranges, travel several kilome-
ters daily, have day/night activity patterns, and are adapted to hunt in the forest canopy
and the ground. Without question, the fossa’s behavioural ecology is complex. Characteri-
sation of fossa anticipatory behaviour requires further study, but regardless of definition,
expression of this behavioural type that restricts time on natural behaviours or important
social interactions should be mitigated. Provision of increased frequency of species-specific
individualized environmental enrichment is suggested for fossa, such as increasing cover,
and adding natural trees for climbing to provide animals more opportunities to carry out
highly motivated species-specific behaviours [78].

This study’s limitations relate to the balance of scientific validity with the time con-
straints of those working in zoos to fill in a comprehensive H&H survey. One approach
to remedy this is that in future studies, would be to request photographs (with the sur-
vey) of enclosures including biologically relevant features/furnishings. Images could be
collected as a tool to score specific aspects of enclosure design that may influence fossa
behaviour (e.g., trees, climbing apparatus, vegetation (cover), nest boxes/retreat spaces).
Thus, providing more objective measures of biologically relevant features. For example,
level of cover could be scored against pre-defined photos of low, medium and high cover
classifications rather than a classification centered on individual survey responder opinion.
Finally, future research specifically focusing on the reproductive output of fossa would be
beneficial, particularly with notable successes at individual facilities and where factors not
addressed in the questionnaire may influence successful breeding.

5. Conclusions

This study has shown that there are numerous differences in the housing provided
to, and the husbandry experienced by, captive fossa in facilities across three zoo regions.
Fossa are likely to be perform unnatural behaviour in captivity, particularly pacing. It is
clear from this survey that the fossa is a highly specialized animal with specific ecological
and evolutionary features that need to be factored into its captive care. It is imperative that
further research is conducted investigating the size, quality (environmental complexity
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linked to natural history) and the shape of fossa enclosure to pinpoint factors that may
predict unnatural behaviour.
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