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Abstract

Marine mammals, particularly cetaceans (whales, dolphins and porpoises) and pinnipeds (seals, sea

lions and walruses) are popular in zoos and aquariums worldwide. Bottlenose dolphins and California

sea lions have also been popular study species in animal cognition research since the 1950s, and

many dolphin cognitive skills are on par with great apes. This paper proposes that 'cognitive challeng-

es' can enhance the well-being of marine mammals, in line with previous studies on farm animals and

great apes. While most captive marine mammals are trained and this challenges their social -cognitive

skills to a moderate or high level, their physical-cognitive skills are not being challenged to a high level

by floating 'toys' in the pool. This paper suggests that tasks originally developed to test the limits of

dolphin and sea lion cognitive skill could be modified and implemented as 'cognitive enrichment' in

zoos and aquariums. To be enriching, cognitive challenges should be relevant, motivating, controlla-

ble, and possible to master.

Introduction

Marine mammals are cetaceans (whales, dolphins and porpois-

es), pinnipeds (seals, sea lions and walruses), sirenians

(manatees and dugongs), sea otters and polar bears (Rice

1998). Many thousands of marine mammals are housed in zoos

and aquariums worldwide, the most popular being the bottle-

nose dolphin (Tursiops truncotus), and California sea lion

(Zalophus californianus) (ISIS 2012). Hereafter, the bottlenose

dolphin and California sea lion shall be referred to generically

as dolphins and sea lions, and other species will be specifically

stated.

To begin, this review explores the emerging branch of ani-

mal welfare science combining cognition and care, and sug-

gests that 'cognitive challenges' can enhance animal well-

being. Second, evidence that current marine mammal enrich-

ment provides a low level of cognitive challenge will be dis-

cussed. Third, over half a century of cognitive research will be

condensed, in order to summarise our current knowledge of

marine mammal cognition. Finally, a new framework for ma-

rine mammal cognitive enrichment will be proposed, with sug-

gestions on how this can be practically achieved in zoos and

aquariums. The cognitive literature is expansive, and therefore

we shall focus on studies of dolphins and sea lions which have

taken place in the laboratory. More expansive reviews of ma-

rine mammal cognition can be found in Herman (2002a; 2010),

Schusterman et ol. (2002) and Jaakkola (2012).

A literature search was performed using Web of Science®

citation database and Google Scholar. Boolean searches were

performed for peer-reviewed papers, books, book chapters

and conference proceedings using combinations of key terms

such as 'marine mammal', 'cognition' and 'welfare'. The litera-

ture search spanned over four decades (1970 to present) owing

to the long history of cognitive research on marine mammals.

Cognitive challenges for captive animals

Wild animals face many challenges that require the application

of evolved cognitive skills (Meehan and Mench 2007). In con-

trast, captive animals tend to live in highly predictable and

structured environments, and their cognitive skills may be chal-

lenged at a low or inappropriate level (Spinka and Wemelsfeld-

er 2011). Fortunately, the provision of more cognitively chal-

lenging enrichment programmes for captive animals has in-

creased over the last five years (Meehan and Mench 2007;

Clark 2011). As Ross (2010 p.310) states, "Working to improve

captive animal care without an understanding of how animal

minds work, or the scope in which they perceive and interact

with their social and physical environments, is akin to drawing

a map without knowledge of any landmarks or bearings". In

order to maximise well-being, animals should possess enough

skill to master the challenge, and be motivated to do so

(Meehan and Mench 2007). Clark (2011 p.6) incorporated the-

se thoughts into the following definition of cognitive enrich-

ment: "...a task (or tasks) whose use (1) engages evolved cogni-

tive skills by providing opportunities to solve problems and

control some aspect of the environment, and (2) is correlated

to one or more validated measures of wellbeing".

Cognitive challenges have benefitted animal well-being on

the farm, and more recently in the zoo. On the farm, Ernst et

al. (2005) and Puppe et al. (2007) challenged pigs with a dis-

crimination task several times a day in their normal social

group. Pigs exposed to this challenge over a ten-week period

exhibited a significant reduction in abnormal behaviour (Puppe

et al. 2007). Langbein et al. (2009) also found that dwarf goats

(Capra hircus) continued to solve a previously learnt cognitive

problem without an external reward. Although it was a cogni-

tive study with no focus on well-being, Mackay (1981) similarly

found that dolphins trained to whistle at a specific frequency in

order to activate a food dispenser continued to do so without a
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food reward. Independently learning the solution to a task can have

a positive impact on well-being, as shown in domestic cows (Hagan

and Broom 2004). Clark et al. (in review) showed that when zoo-

housed chimpanzees (Pan troglodytes) interacted with a maze-like

cognitive challenge device, they displayed increased 'competence'

(prolonged exploration of the device including innovative problem-

solving strategies) and 'agency' (exploration of the wider captive

environment, and social play).

Marine mammal well-being and enrichment in captivity

Behavioural problems

The most commonly reported behaviour of concern in captive ma-

rine mammals is repetitive swimming in a fixed pattern around the

pool (e.g. cetaceans: Gygax 1993; Sobel et al., 1994; pinnipeds:

Hunter et al. 2002; Smith and Litchfield 2010). However, a more

recent study by Miller et al. (2011) found the repetitive swimming

across six dolphin facilities was low (less than 5% scans). Although

this type of swimming fits the definition of stereotypical behaviour

because it is unvarying and repetitive (Mason 1991), it may also

have an obvious function. Continuous swimming around the pool

could be interpreted as functional patrolling behaviour, because the

'outer patrol border' of the pool never changes. Furthermore, stere-

otypical behaviour is linked to good or neutral well-being nearly as

often as poor well-being (Mason and Latham 2004). Another behav-

iour which may or may not be problematic in dolphins is surface-

directed behaviour. Galhardo et al. (1996) found that captive dol-

phins spent a disproportionate amount of time with their heads

above water. This is not a particularly natural behaviour for dolphins

(similar to repetitive swimming as discussed above) but could be

interpreted as functional because most environmental complexity is

on or above the water-surface (e.g. the presence of animal staff,

floating enrichment objects).

Other reported behavioural problems in cetaceans are low and

come from outdated publications; for example repeated head-

pressing against the wall (Greenwood 1977), bumping the head

against the floor while swimming (Amundin 1974), and excessive

aggressive or sexual activity (Sweeney 1990; Samuels and Spradin

1995). In pinnipeds, flipper chewing, excessive self-grooming and

body-scratching against hard surfaces have been reported (Kastelein

and Wiepkema 1989; Smith and Litchfield 2010). These self-directed

and injurious behaviours are widely accepted as signs of compro-

mised well-being (Moberg and Mench 2000). In summary, data are

lacking on the aetiology of problem behaviours in cetaceans and

pinnipeds. A survey of current behaviour is needed to establish the

form and function of behaviours, an objective assessment of wheth-

er they are problematic, and a measure of how intensely they have

been studied.

Enrichment

Marine mammal exhibits in zoos and aquariums are usually smooth-

edged concrete pools with glass windows. This design helps to

achieve the highest safety and hygiene standards (Joseph and An-

trim 2010), but is also criticised for being sterile (Rose et al., 2009).

Indeed, it is surprising that although enrichment could be used to

compensate for a lack of structural exhibit complexity, it is usually

simplistic. A literature search yielded twelve peer-reviewed papers

and book chapters on cetacean and pinniped enrichment (not in-

cluding 'social' enrichment provided by training). Within this small

amount of published literature, there is a clear trend for using plas-

tic and rubber enrichment 'toys' that float on the surface of the

water (e.g. cetaceans: Gewalt 1989; Kuczaj et al. 2002; Delfour and

Beyer 2011; pinnipeds: Grindod and Cleaver 2001). These studies

show that, as a general rule, floating objects rouse immediate inter-

est and interaction but are quickly habituated to. Submerged objects

have been used far less (weather vane: Amundin 1974; fire hose:

Amundin 1974; Berglind 2005).

The most advanced dolphin enrichment study thus far was by

Berglind (unpublished thesis, 2005), who ran water through sub-

merged fire hose so that it moved erratically, subsequently trigger-

ing group hunting displays and increased sonar activity. For pinni-

peds, Kastelein and Wiepkema (1989) recognised that walruses

(Odobenus rosmarus) had a lack of naturalistic foraging opportuni-

ties, and decreased repetitive swimming behaviour by providing

buried food. However at large, the specific characteristics of objects

which make them effective enrichment for marine mammals (for

example buoyancy, destructibility and complexity) have been largely

unexplored.

Despite the fact that most captive marine mammals live in physi-

cally un-complex environments (especially under the water's sur-

face), most species have their social cognitive skills challenged to a

moderate or high level via training and less formal interactions with

humans. Positive reinforcement training is an integral part of marine

mammal management (Brando 2010), and is thought to be enriching

for captive animals because it increases an animal's sense of control

in the environment (Laule and Desmond 1998). Repetitive swimming

in Steller sea lions (Eumetopias jubatus
)
was significantly decreased

by incorporating training into their management routine (Kastelein

and Wiepkema 1988). However, it is not clear whether increased

human contact or the training process itself was beneficial to the

subjects. Human-dolphin swim programmes have become increas-

ingly popular in zoos and aquariums worldwide (Miller et al. 2011),

but evidence for whether these programmes are enriching is mixed.

For example, a multi-facility study (Miller et al. 2011) provided con-

vincing evidence that swim programmes were enriching because

they were associated with increased dolphin play and behavioural

diversity (including swimming style). Conversely, swim programmes

that are less structured, for example where visitors can swim freely

with the dolphins for a period of time, have been associated with

avoidance of, or aggression towards, humans (Samuels and Spradin

1995; Kyngdon et al. 2003).

Cognitive skills of dolphins and sea lions

History ofstudy

Whether marine mammals are 'too intelligent for captivity' is a topic

of on-going scientific and public debate that will not be discussed

here (see Rose et al. 2009; Grimm 2011; Marino and Frohoff 2011).

However, this paper will condense the evidence taken from over

half a century of cognitive study in the laboratory and field

(Schusterman and Kastak 2004; Pack 2010), that dolphins and sea

lions have high cognitive skills. The dolphin has been of particular

interest to cognitive scientists because it has an exceptionally large

brain relative to body size (Marino 2002), a high level of

'intelligence' comparable to humans and great apes (Marino 2002),

and is relatively easy to manage in shallow pools (Herman 2002a).

There is less cognitive research on the sea lion, but significantly

more so than any other pinniped species. Similar to the dolphin, the

sea lion has high 'intelligence', is easy to train, and adapts well to

living in shallow pools (Schusterman et al. 2002). Furthermore, many

of the methods used to test dolphin cognition have been transfera-

ble to sea lions (Schusterman and Kastak 2004).

Dolphin echolocation

Echolocation in dolphins refers to their ability to locate and discrimi-

nate underwater obstacles, by producing high-frequency sound

waves and receiving the echoes that reflect off these obstacles (Au

1993). In contrast to dolphins, sea lions do not echolocate

(Schusterman et al. 2000). Echolocation was discovered in captive

dolphins in the 1950's and has since been studied rigorously by con-

cealing underwater objects in black boxes, and by placing rubber

cups over dolphins' eyes to prevent them using normal sight

(reviewed by Au 1993). Not only can dolphins use echolocation to

recognise three-dimensional shapes, they can also correctly match a
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shape inspected through echolocation with an identical shape in-

spected through vision and vice versa (Pack et al. 2004). Further-

more, dolphins can 'eavesdrop' on the echolocation of conspecifics

and use this to recognise objects (Xitco and Roitblat 1996).

Concept formation

'Concepts' are general rules that animals apply to the novel prob-

lems they encounter in life (Schusterman and Kastak 2004). These

concepts can be abstract (e.g. same/different), relational (e.g. larg-

er/smaller) and perceptual (e.g. food/non-food). Concept formation

in marine mammals has been tested in the laboratory using an ex-

perimental method called matching-to-sample (MTS), where a sub-

ject is shown a 'sample stimulus' and reinforced (for example with a

fish) for choosing the correct stimulus from two or more

'comparison stimuli'. Dolphins have shown that they understand the

concept of larger/smaller quantities (Jaakkola et al. 2005), and

Abramson et al. (2011) recently demonstrated that South American

sea lions (Otaria flavescens) could assess and select the larger of two

sets of quantities.

Being able to recognise objects when they have been rotated in

three dimensions is another useful skill for animals living in complex

environments. Tests of mental rotations on marine mammals have

been undertaken using the MTS method described above, where a

subject must match an object with its mirror image or rotation. Stud-

ies on dolphins (Herman et al. 1993), beluga whales (Delphinapterus

leucas-, Murayama and Tobayama 1995) and sea lions (Mauck and

Dehnhart 1997) show that marine mammals can recognise rotated

objects, but similar to humans, the time it takes them to do so is

positively correlated to the degree of rotation.

Learning and memory
Dolphins and sea lions have excellent short-term memory for sights

and sounds (Herman 2002a; Schusterman et al. 2002). In 'delayed'

MTS tests, the time delay between presentation of the sample stim-

ulus and comparison stimuli is increased to find the maximum length

of time a subject can retain the memory of the sample stimulus. Not

only can dolphins remember specific sounds, one dolphin could

remember lists of up to four novel sounds, compared to a maximum
of seven in humans (Thompson and Herman 1977).

Dolphins also possess good spatial memory; in other words

memory for the spatial location of events or objects. Thompson and

Herman (1981) played underwater sounds in one of four pool loca-

tions, and a dolphin correctly swam to the location of the sound

after a time delay of up to 70 seconds. Jaakkola et al. (2010) found

that like many terrestrial animals, dolphins can track the spatial loca-

tion of visible objects, but in contrast to great apes they cannot track

the spatial location of hidden objects. This is probably because dol-

phins rely on their echolocation to identify objects hidden from sight

(Jaakkola 2012).

Understanding symbols and televised images

Following in the footsteps of great ape research, 'artificial languages'

were taught to captive dolphins in the 1980's (reviewed by Herman

2002a; Jaakkola 2012). These languages contained symbols for ob-

jects (e.g. ball), their positions in the pool (e.g. left), actions (e.g.

jump over) as well as questions relating to objects (e.g. is the object

in the pool?). Similar to human language, symbol order changed

meaning; for example 'take the ball to the bucket' is different from

'take the bucket to the ball'. Dolphins appear to understand both

semantics (meaning) and syntax (order) of symbols (reviewed by

Herman 2002a), and studies on sea lions have yielded comparable

results (Schusterman and Kastak 2004). The ability of dolphins and

sea lions to correctly answer 'yes/no' questions (e.g. is the ball in the

pool?) is particularly impressive, and is achieved by the subject

pressing one paddle for 'yes' and another for 'no' (Herman and

Forestell 1985; Schusterman et al. 2002)

Television screens have been used to test whether marine mam-
mals understand external representations of objects and actions.

Thus far, dolphins have followed commands given to them by hu-

mans on a television screen, imitated televised dolphins, and cor-

rectly responded in MTS trials when the sample stimuli are present-

ed on-screen (Herman 2002). In fact, the immediate, spontaneous

response of dolphins to televised images outperforms that of chim-

panzees, who respond correctly to televised images only after inten-

sive training (Savage-Rumbaugh 1986).

Awareness of self and others

The large brains of dolphins (and great apes) probably evolved due

to strong social forces (reviewed by Marino et al. 2007), and there-

fore both taxa have a good understanding of themselves and others.

The traditional method of testing whether large-brained animals

recognise themselves (i.e. have self-awareness) is through the mir-

ror self-recognition mark test (Gallup 1970). According to this test,

great apes and some other primates, elephants, cetaceans, and

corvids (crows) are the only nonhuman animals that are self-aware

(reviewed by Herman 2012). The evidence is fairly unequivocal in

dolphins (Reiss and Marino 2001); killer whales
(
Orcinus orca) and

false killer whales (Pseudorca crassidens) could also be self-aware (in

contrast to sea lions) because they appear to look significantly more

at a body part in the mirror if the body part has been marked with a

spot (Delfour and Marten 2001).

In a further examination of self-awareness, Mercado et al.

(1998) found that a dolphin could repeat (imitate) its previous be-

haviour on command. In order to perform imitative behaviour, an

animal must have a mental representation of others and/or itself;

therefore imitation is regarded as a very high-level cognitive ability.

Dolphins and sea lions are known to be excellent imitators of both

actions and vocalisations, of both conspecifics and humans, often

doing so spontaneously (reviewed by Herman 2002b). It is particu-

larly impressive that dolphins and sea lions can imitate a human's

motor actions despite having vastly different body shapes, inter-

preting for example that their fins are equivalent to human arms.

Dolphins and beluga whales are capable of mimicking human sounds

(Herman 2002b; Ridgway et al. 2012) and interestingly, a captive

harbour seal could apparently mimic ten human words (Ralls et al.

1985).

In addition to imitation, dolphins possess a range of cognitive

skills related to the understanding of other's actions, known as 'joint

attention' (reviewed by Pack and Herman 2007). In fact, some of the

joint attention abilities of dolphins exceed those shown by great

apes. Dolphins are one of few non-domesticated species that under-

stand the meaning of human pointing without prior training, and can

determine which object a person is gazing at (Pack and Herman

2007). Furthermore, Xitco et al. (2004) found that dolphins pointed

(oriented) their bodies toward an object, while looking to see if they

had the attention of a human.

Planning and problem-solving

The ability to create appropriate plans when confronted with novel

problems has obvious survival advantages, but has been demon-

strated in relatively few species. Examples of planned behaviour in

wild cetaceans are numerous, and include the cooperation of male

dolphins when mating (Connor 2007), cooperation of killer whales

when hunting (Visser et al. 2008), and dolphins using sponges to

protect their rostrums while foraging in sharp rocks (Smolker et al.

2007). Incidentally, sponge-use is the only reported example of tool

use in wild cetaceans, in contrast to more numerous accounts in

captivity (see Jaakkola 2012).

Kuczaj et al. (2010) examined how two dolphins planned their

behaviour when faced with a novel underwater task. The task re-

quired dolphins to transport and drop four weights into a compart-

ment in order to release a fish reward. The task was demonstrated

to the dolphins by a diver, using one weight at a time. Interestingly,

however, dolphins chose to carry multiple weights to the apparatus

rather than simply imitating the diver's actions. The same dolphins

were presented with a new task requiring the placement of weights
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into three compartments, and were able to use the weights in the

most economical manner to maximise the quantity of food reward

(Kuczaj et at. 2010). Dolphins can also be commanded to produce

novel behaviours (Herman 2006), suggesting they possess another

rare trait in the animal kingdom: creativity. Herman (2006) also com-

manded a pair of dolphins to create a novel behaviour at the same

time, which they were able to do successfully. No other animal spe-

cies tested, other than humans, has revealed the capacity for syn-

chronous creative behaviour at such an accomplished level (Herman

2010).

Marine mammal cognition and captive care

A cognitive enrichmentframeworkfor marine mammals
So far, this review has summarised why dolphins and sea lions are

highly intelligent animals, with dolphins being on par with (or ex-

ceeding) great apes based on the cognitive tests provided thus far.

However, it is doubtful that the physical cognitive skills of sea lions

and dolphins are being challenged to a high level in the clean,

smooth-sided concrete and glass pools usually found in zoos and

aquariums. Hitherto, floating 'toy' objects have provided more com-

plexity above the water-surface than below. For dolphins, this type

of enrichment does not make full use of their echolocation; their

most sophisticated and unique cognitive ability.

This paper now culminates with a new proposal for marine

mammal cognitive enrichment. In this framework, previous labora-

tory cognitive tests are examined; their principles are deconstruct-

ed; and then reconstructed to create cognitive challenges practical

for zoos and aquariums. Of course, it is important to evaluate the

effect of cognitive challenges on well-being before they can be char-

acterised as enriching, and this procedure will be discussed in due

course. First, three examples of cognitive challenge will be suggest-

ed, with a particular emphasis on challenging physical cognitive

skills. The first approach requires a protracted period of animal

training, while the other two approaches rely on giving subjects

opportunities to solve challenges for themselves with minimum

human intervention.

(i) Stimulus matching: control over the environment

When animals are given increased choice and control over their

environment, this can lead to enhanced well-being (Laule and Des-

mond 1998). The first suggested approach to cognitive enrichment is

to allow subjects more control by participating in discrimination

trials. Both dolphins and sea lions have been tested using MTS pro-

cedures for many decades, and have demonstrated a strong under-

standing of symbols (Schusterman and Kastak 2004). Using this pro-

cedure in a zoo or aquarium setting, visual or acoustic cues are used

to summon subjects to various reward stations. Then, subjects are

given the opportunity to correctly discriminate between different

visual stimuli to receive a reward (Ernst et at. 2005; Puppe et al.

2007). To take advantage of their multi-modal natures, underwater

tones will be played (Kuczaj et al. 1998), thus requiring animals to

touch corresponding symbols displayed on wooden boards (see von

Fersen et al. 2000) or television screens (see Delfour and Marten

2006), placed in or near to the pool.

By voluntarily participating in these tasks, subjects will gain more

control over their environment (Langbein et al. 2009) and potentially

benefit from their own learning success over time (Hagan and

Broom 2004). The reward could be food, access to objects, or more

control over resources such as fountain water or lighting. This is no

doubt a labour-intensive method of providing cognitive challenge,

but it capitalizes on the strong bond already developed between

marine mammals and their trainers. In fact, Herman (2002a) sug-

gests that teaching subjects (i.e. physical demonstration of the rela-

tionships between objects and symbols) may be more efficient than

training. The equipment for this approach will be low cost, requiring

at minimum a set of underwater speakers and wooden display

boards, and a trainer to reinforce subjects for correct responses

(whereas incorrect responses will be ignored). If funding permits,

this approach could also incorporate the use of computer touch

screens (Delfour and Marten 2006) and automatic feeders (Mackay

1981).

(ii) Submerged problem-solving devices

The second approach to cognitive challenge uses submerged

'problem-solving devices', temporarily secured to the pool wall

(Clark et al. In review). This was alluded to, four decades ago by

Amundin (1974), who suggested (but never formally evaluated) tex-

tured 'structure plates' attached to the walls of marine mammal
pools. Kuczaj et al. (2010) recently found that dolphins efficiently

planned their responses to a submerged physical task, but little work

on dolphin problem-solving has been attempted since. In particular,

visually hidden challenges will stimulate dolphin echolocation and

provide a more acoustically rich environment than concrete pool

walls. Current research on cognitive challenge devices for dolphins

suggests they are highly motivated to interact with devices, even in

the absence of a food or other external reward (Clark, personal ob-

servation).

Ideally, a cognitive challenge device requires very little human

intervention in terms of demonstration or providing food rewards.

At any one time, several marine mammals in an exhibit may be off-

show in holding pools (Joseph and Antrim 2010), and cognitive chal-

lenge devices could be particularly useful in these situations to pre-

vent boredom or distract from social tensions. Furthermore, if a

cognitive challenge device is modular, virtually hundreds of versions

of the device can be built and implemented over time, therefore

varying task complexity and sustaining task novelty. This is a relative-

ly low-cost approach to cognitive challenge, because the component

modular pieces of the device can be re-used over time.

(Hi) Submerged spatial problem-solving tasks

The third and final approach is an extension of the second approach,

and uses problem-solving tasks over a larger area to challenge spa-

tio-cognitive skills. This takes inspiration from dolphin cognition

studies undertaken at The Seas facility (Disneyworld, Florida), where

the public can watch dolphins participating in cognitive tests in their

normal pool (Harley et al. 2010). The approach is to create a cogni-

tively challenging 'obstacle course' in the centre of the pool. A num-

ber of tasks are laid out and the rate or method of completion by

subjects will affect the level of reward gained.

Spatial problems are potentially more naturalistic (and therefore

motivating) to dolphins and sea lions than static devices attached to

the pool wall. This approach also requires little or no training, and

the cost of equipment can be low (e.g. Perspex tubes containing

weights) or high (e.g. fully automated underwater keyboards; see

Harley et al. 2010). It may be economical to build a number of per-

manent connection points in the pool where task components can

be temporarily attached when needed.

Limitations in the zoo and aquarium environment

There are of course several caveats when providing cognitive chal-

lenges to marine mammals. First, it is important to acknowledge

that most cognitive data discussed in this paper have been collected

on a few 'well-schooled' individuals (Herman 2002a Pack 2010) and

therefore generalisation to other individuals should be conservative.

It is unrealistic to expect the average captive dolphin or sea lion to

spontaneously exhibit the same level of cognitive skill as the handful

of laboratory subjects. Rather, we should recognise the cognitive

potential of each subject, and try to cultivate this potential over

time.

A note on health and safety is also necessary. Often, marine

mammals pick up, manipulate and intentionally or unintentionally

ingest objects that fall into their pools (Joseph and Antrim 2010).

Notably, large air-filled balls can lodge in an animal's throat when

diving, and tethering objects can also be dangerous because this can
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result in entanglement (Joseph and Antrim 2010). All the necessary

precautions should be taken; an observer should always be present

when apparatus are used in the pool, particularly when they are

submerged or contain moving parts.

Evaluating cognitive challenges

Re-visiting Clark's definition of cognitive enrichment (Clark 2011), a

cognitive challenge must have a positive impact on well-being be-

fore it can be called enrichment. Unfortunately, this may be easier

said than done in marine mammals, because fundamental research

is lacking on indicators of positive and negative well-being. However,

there are several guiding principles we can take from cognitive chal-

lenge research on other animals. First, if the level of challenge is

relevant or un-motivating (i.e. does not suit an animal's anatomy,

natural history and cognitive skill level), apathy, boredom or frustra-

tion may be observed (Meehan and Mench 2007). Second, control

and mastery of a cognitive challenge are important for well-being

(Meehan and Mench 2007). Herman (2002a p.276) suggests that

"When introducing new (cognitive) problems, we take care that they

are at an initial level likely to lead to success, and then increase the

difficulty and complexity at a rate or in contexts that tend to pro-

mote overall success".

Conclusions

Dolphins possess complex cognitive skills largely on par with (and

sometimes exceeding) great apes. Sea lions also perform strongly on

many of the same laboratory cognitive tests. Both dolphins and sea

lions have good short and long term memory skills, an understand-

ing of abstract concepts and symbols, and creative problem-solving

abilities. It is therefore surprising that previous attempts at enrich-

ment have provided little opportunity to apply these skills to solve

complex physical problems. By providing floating objects as enrich-

ment, we are barely catering for the high cognitive skills of marine

mammals.

With over five decades of dolphin and sea lion cognitive study at

their disposal, marine mammal carers are in a strong position to

provide more appropriate, relevant enrichment. This review sug-

gests that ‘cognitive challenges' should be provided to marine mam-
mals as a form of enrichment; these challenges can range from small

match-to-sample discrimination trials, to large underwater obstacle

courses. To some extent, cognitive challenges might help offset the

fundamental limitations of housing large-brained aquatic mammals

in sterile pools. The opportunities for cognitive challenge design are

endless, and inspiration is available from the cognitive literature.

This paper aims to inspire further developments in marine mammal
enrichment, and encourages more debate on the link between cog-

nition and care in large-brained animals.

Acknowledgements
The author wishes to thank Christopher Wathes, Anthony Sainsbury and Stan

Kuczaj for discussions leading to the ideas presented in this review.

References

Abramson J.Z., Hernandez-Lloreda V., Call J., Colmenares F. (2012). Relative

quantity judgments in South American sea lions
(
Otoria fJavescens).

Animal Cognition 14: 695-706.

Amundin M. (1974). Occupational therapy for harbour porpoises, Phocoena

phocoena. Aquatic Mammals 2: 6-11.

Au W.W.L. 1993. The sonar of dolphins. Springer-Verlag, New York.

Berglind M. (2005). Acoustic enrichment for dolphins in pool environments.

Unpublished Masters thesis. Sweden; Linkoping University.

Brando S. (2010). Advances in Husbandry Training in Marine Mammal Care

Programs. International Journal of Comparative Psychology 23: 777-791.

Clark F.E., Hitchcock D., Sainsbury A.W., Wathes C.M. In review. Can cognitive

challenges be enriching? Evaluation of a novel cognitive challenge device

for zoo-housed chimpanzees
(
Pan troglodytes).

Clark F.E. (2011). Great Ape Cognition and Captive Care: Can Cognitive Chal-

lenges Enhance Psychological Well-being? Applied Animal Behaviour

Science 135: 1-12.

Connor R.C. (2007). Dolphin social intelligence: complex alliance relationships

in bottlenose dolphins and a consideration of selective environments for

extreme brain size evolution in mammals. Philosophical Transactions of

the Royal Society B 362: 587-602.

Delfour F., Beyer H. (2012). Assessing the effectiveness of environmental

enrichment in bottlenose dolphins (Tursiops truncatus). Zoo Biology 31:

137-150.

Delfour F., Marten K. (2006). Lateralized visual behavior in bottlenose dol-

phins (Tursiops truncatus) performing audio-visual tasks: The right visual

field advantage. Behavioural processes 71: 41-50.

Delfour F., Marten K. (2001). Mirror image processing in three marine mam-
mal species: Killer whales (Orcinus orca ), false killer whales (Pseudorca

crassidens) and California sea lions (Zalophus californianus). Behavioural

Processes 53: 181-190.

Ernst K., Puppe B., Schon P.C., Manteuffel G. (2005). A complex automatic

feeding system for pigs aimed to induce successful behavioural coping by

cognitive adaptation. Applied Animal Behaviour Science 91: 205-281.

Galhardo L., Appleby M.C., Waran N.K., dos Santos M.E. (1996). Spontaneous

activities of captive performing bottlenose dolphins
(
Tursiops truncatus).

Animal Welfare 5: 373-389.

Gallup G.G. Jr. (1970). Chimpanzees: Self recognition. Science 167:86-87.

Gewalt W. (1989). Orinoco freshwater dolphins (Inia geoffrensis) using self-

produced air bubble rings as toys. Aquatic Mammals 15: 73-79.

Goldblatt A. (1993). Behavioural needs of captive marine mammals. Aquatic

Mammals 5: 15-17.

Greenwood A.G. (1977). A stereotyped behavior pattern in dolphins. Aquatic

Mammals 5: 15-17.

Grimm D. (2011). Are dolphins too smart for captivity? Science 332: 526-529.

Grindrod J.A.E., Cleaver J.A. (2001). Environmental enrichment reduces the

performance of stereotypic circling behaviour in captive common seals

(Phoca vitulina). Animal Welfare 10: 53-63.

Gygax L. (1993). Spatial movement patterns and behaviour of two captive

bottlenose dolphins (Tursiops truncatus): absence of stereotyped behav-

iour or lack of definition? Applied Animal Behaviour Science 38: 337-344.

Hagan K., Broom D.M. (2004). Emotional reactions to learning in cattle. Ap-

plied Animal Behaviour Science 85: 203-213.

Harley H.E., Fellner W., Stamper M.A. (2010). Cognitive Research with Dol-

phins (Tursiops truncatus) at Disney's The Seas: A Program for Enrich-

ment, Science, Education, and Conservation. International Journal of

Comparative Psychology 23: 331-343.

Herman L.M. (2002a). Exploring the cognitive world of the bottlenosed dol-

phin. In: Bekoff M., Allen C., Burghardt G. (eds) The cognitive animal:

Empirical and theoretical perspectives on animal cognition. MIT Press,

Cambridge, pp. 275-283.

Herman L.M. (2002b). Vocal, social, and self-imitation by bottlenosed dol-

phins. In: Nehaniv C. and Dautenhahn K. (eds) Imitation in Animals and

Artifacts. MIT Press, Cambridge, pp. 63-108.

Herman L.M. (2006). Intelligence and rational behaviour in the bottlenosed

dolphin. In: Hurley S. and Nudds M. (eds) Rational animals? Oxford

University Press, Oxford, pp. 439-467.

Herman L.M. (2010). What Laboratory Research has Told Us about Dolphin

Cognition. International Journal ofComparative Psychology 23: 310-330.

Herman L.M. (2012). Body and self in dolphins. Consciousness and Cognition

12: 526-545.

Herman L.M., Forestell P.H. (1985). Reporting presence or absence of named

objects by a language-trained dolphin. Neuroscience and Biobehavioral

Reviews 9: 667-691.

Herman L.M., Pack A. A., Morrel-Samuels P. (1993). Representational and

conceptual skills of dolphins. In: Roitblat H.R., Herman L.M., Nachtigall P.

(eds) Language and Communication: Comparative Perspectives. Law-

rence Erlbaum, New Jersey, pp. 273-298.

Hunter S., Bay M., Martin M., Hatfield J. (2002). Behavioural effects of envi-

ronmental enrichment on Harbor Seals (Phoca vitulina concolor) and

Gray Seals (Halichoerus grypus). Zoo Biology 21: 375-387.

International Species Information System (ISIS). (2012). Accessed online at

http://www.isis.org 4 July 2012.

Jaakkola K. (2012). Cetacean Cognitive Specializations. In: Vonk J. and

Shackelford T.K. (eds) The Oxford Handbook of Comparative Evolutionary

Psychology. Oxford University Press, Oxford, pp. 144-165.

Jaakkola K., Fellner W., Erb L., Rodriguez M., Guarino E. (2005). Understand-

ing of the concept of numerically "less” by bottlenose dolphins (Tursiops

truncatus). Journal of Comparative Psychology 119: 286-303.

Jaakkola K., Guarino E., Rodriguez M., Erb L., Trone M. (2010). What do dol-

phins (Tursiops truncatus) understand about hidden objects? Animal

Journal of Zoo and Aquarium Research 1(1) 2013 5



Cognitive Enrichmentfor Marine Mammals

Cognition 13: 103-120.

Joseph B., Antrim J. (2010). Special considerations for the maintenance of

marine mammals in captivity. In: Kleiman D.G., Thompson K.V., Baer C.K.

(eds) Wild Mammals in Captivity. University of Chicago Press, Chicago,

pp. 181-196.

Kastelein R.A., Wiepkema PR. (1988). The significance of training for the

behaviour of Steller sea lions (Enmetopias jubata) in human care. Aquatic

Mammals 14: 39-41.

Kastelein R.A., Wiepkema P.R. 1989. A digging trough as occupational thera-

py for Pacific Walruses in human care. Aquatic Mammals 15:.9-17.

Kuczaj S.A. II, Lacinak T., Fad 0., Trone M., Solangi M. ( Ramos J. (2002). Keep-

ing environmental enrichment enriching. International Journal of Com-

parative Psychology 15: 127-137.

Kuczaj S.A. II, Lacinak C.T., Turner T.N. (1998). Environmental enrichment for

marine mammals at sea world. In: Shepherdson D.J., Mellen J.D.,

Hutchins M. (eds) Second nature: Environmental enrichment for captive

animals. Smithsonian Institution Press, Washington DC. pp. 314-328.

Kuczaj S.A. II, Xitco M.J. Jr., Gory J.D. (2010). Can Dolphins Plan their Behav-

ior? International Journal of Comparative Psychology 23: 664-670.

Kyngdon D.J., Minot E.O., Stafford K.J. (2003). Behavioural responses of cap-

tive common dolphins Delphinus delphis to a 'Swim-with-Dolphin' pro-

gramme. Applied Animal Behaviour Science 81: 13-170.

Langbein J., Siebert K., Nurnberg G. (2009). On the use of an automated

learning device by group-housed dwarf goats: Do goats seek cognitive

challenges? Applied Animal Behaviour Science 120: 150-158.

Laule G , Desmond T. (1998). Positive reinforcement training as an enrich-

ment strategy. In Shepherdson DJ., Mellen J.D., Hutchins M. (eds) Se-

cond nature: Environmental enrichmentfor captive animals. Smithsonian

Institution Press, London, pp. 302-313.

Mackay R.S. (1981) Dolphin interaction with acoustically controlled systems:

Aspects of frequency control, learning, and non-food rewards. Cetology

41: 1-12.

Marino L., Connor R.C., Ewan Fordyce R., Herman L.M., Hof P.R., Lefebvre L.,

Lusseau D., McCowan B., Nimchinsky E.A., Pack A.A,. Rendell L.,

Reidenberg J.S., Reiss D., Uhen M.D., Van de Gucht E., Whitehead H.

(2007). Cetaceans have complex brains for complex cognition. PLoS

Biology 5: 966-972.

Marino L., Frohoff T. (2011). Towards a New Paradigm of Non-Captive Re-

search on Cetacean Cognition. PLoS ONE 6: e24121.

Marino L. (2002). Convergence of complex cognitive abilities in cetaceans

and primates. Brain, Behavior and Evolution 59: 21-32.

Mason G. 1991. Stereotypies: a critical review. Animal Behaviour 41: 1015-

1037.

Mason G.J., Latham N.R. (2004). Can't stop, won't stop: is stereotypy a relia-

ble animal welfare indicator? Animal Welfare 13: 57-69.

Mauck B., Dehnhardt G. (1997). Mental rotation in a California sea lion

(Zalophus californianus). Journal of Experimental Biology 200: 1309-

1326.

Meehan C.L., Mench J.A. (2007). The challenge of challenge: Can problem

solving opportunities enhance animal welfare? Applied Animal Behaviour

Science 102: 246-261.

Mercado E. Ill, Murray S.O., Uyeyama R.K., Pack A.A., Herman L.M. (1998).

Memory for recent actions in the bottlenosed dolphin (Tursiops trunca-

tus): Repetition of arbitrary behaviors using an abstract rule. Animal

Learning and Behavior 26: 210-218.

Miller S.J., Mellen J., Greer T., Kuczaj S.A.. (2011). The effects of education

programmes on Atlantic bottlenose dolphin (Tursiops truncatus) behav-

iour. Animal Welfare 20: 159-172.

Moberg G.P., Mench J.A. (2000). The Biology of Animal Stress. CABI Publish-

ing, New York. pp. 337-354.

Murayama T., Tobayama T. (1995). Mental rotation in beluga (Delphinapterus

leucas). Technical Report of National Research Institute of Fisheries Engi-

neering. Fishing Gear and Methods 6: 9-12.

Pack A.A. (2010). The synergy of laboratory and field studies of dolphin be-

havior and cognition. International Journal of Comparative Psychology

23:538-565.

Pack A. A., Herman L.M. (2007). The dolphin's (Tursiops truncatus) under-

standing of human gaze and pointing: Knowing what and where. Journal

of Comparadve Psychology 121: 34-45.

Pack A. A., Herman L.M, Hoffmann-Kuhnt M. (2004). Dolphin echolocation

shape perception: From sound to object. In: Thomas J.A., Moss C., Vater

M. (eds) Echolocation in Bats and Dolphins. University of Chicago Press,

Chicago, pp. 288-308.

Puppe B., Ernst K., Schon P.C., Manteuffei G. (2007). Cognitive enrichment

affects behavioural reactivity in domestic pigs. Applied Animal Behaviour

Science 105: 75-86.

Ralls K., Fiorelli P., Gish 5.. (1985): Vocalizations and vocal mimicry in captive

harbour seals, Phoca vitulina. Canadian Journal of Zoology 63: 1050-

1056.

Reiss D., Marino L. (2001). Mirror self-recognition in the bottlenose dolphin:

A case of cognitive convergence. Proceedings of the National Academy of

Science 98:5937-5942.

Rice D.W. (1998). Marine mammals of the world: Systematics and distribu-

tion. Society for Marine Mammalogy, Kansas.

Ridgway S., Carder D., Jeffries M., Todd M. (2012). Spontaneous human

speech mimicry by a cetacean. Current Biology 22: R860-R861.

Rose N.A., Parsons E.C.M., Farinato R. (2009). The case against marine mam-
mals in captivity. The Humane Society of the United States and the

World Society for the Protection of Animals.

Ross S.R. (2010). How Cognitive Studies Help Shape Our Obligations for the

Ethical Care of Chimpanzees. In: Lonsdorf E.V., Ross S.R., Matsuzawa T.

(eds) The mind of the chimpanzee: Ecological and experimental perspec-

tives. The University of Chicago Press, Chicago, pp. 309-319.

Samuels A.? Spradlin T. (1995). Quantitative behavioral study of bottlenose

dolphins in swim-with-dolphin programs in the United States. Marine

Mammal Science 11: 520-544.

Savage-Rumbaugh E.S. (1986). Ape language: From conditioned response to

symbol. Columbia University Press, New York.

Schusterman R.J., Kastak D. (2004). Problem solving and Memory. In: Hoelzel

R (ed) Marine Mammal Biology: An Evolutionary Approach. Blackwell,

Oxford, pp. 371-387.

Schusterman R.J., Kastak D., Levenson D.H., Reichmuth C.J., Southall B.L.

(2000) Why Pinnipeds don't echolocate. Journal of the Acoustic Society

ofAmerica 107: 2256-2264.

Schusterman R.J., Reichmuth Kastak C., Kastak D. (2002). The cognitive sea

lion: meaning and memory in the lab and in nature. In: Bekoff M., Allen

C., Burghardt G. (eds). The cognitive animal: empirical and theoretical

perspectives on animal cognition. MIT Press, Cambridge, pp 217-228.

Smith B.P., Litchfield C.A. (2010). An empirical case study examining effec-

tiveness of environmental enrichment in two captive Australian Sea Lions

(Neophoca cinerea). Applied Animal Welfare Science 13: 103-122.

Smolker R.A., Richards A., Connor R., Mann J., Berggren P. (1997). Sponge-

carrying by Indian Ocean bottlenose dolphins: possible tool-use by a

delphinid. Ethology 103: 454-465.

Sobel N., Supin A.Y., Myslobodsky M.S. (1994). Rotational swimming tenden-

cies in the dolphin (Tursiops truncatus). Behavioural brain research 65:

41-45.

Spinka M., Wemelsfelder F. (2011). Environmental challenge and animal

agency. In: Appleby M.C., Mench J.A., Olsson I.A.S. and Hughes B.O. (eds)

Animal Welfare. CAB International, Wallingford, pp. 27-44.

Sweeney J. (1990). Marine mammal behavioral diagnostics. In: Dierauf L. (ed)

Handbook of Marine Mammal Medicine. CRC Press, Florida, pp. 53-72.

Thompson R.K.R., Herman L.M. (1977). Memory for lists of sounds by the

bottlenosed dolphin: Convergence of memory processes with humans?

Science 195: 501-503.

Thompson R.K.R., Herman L.M (1981). Auditory delayed discriminations by

the dolphin: Nonequivalence with delayed matching performance. Ani-

mal Learning and Behavior 9: 9-15.

Visser I.N. (2008). Antarctic peninsula killer whales (Orcinus orca) hunt seals

and a penguin on floating ice. Marine Mammal Science 24: 225-234.

von Fersen L., Schall U., Gunturkiin O. (2000). Visual lateralization of pattern

discrimination in the bottlenose dolphin (Tursiops truncatus). Behaviour-

al brain research 107: 177-181.

Xitco M.J., Gory J.D., Kuczaj S.A. (2004). Dolphin pointing is linked to the

attentional behavior of a receiver. Animal Cognition 7: 231-238.

Xitco M.J., Roitblat HL. (1996). Object recognition through eavesdropping:

passive echolocation in bottlenose dolphins. Animal Learning and Behav-

ior 24: 355-365.

6 Journal of Zoo and Aquarium Research 1(1) 2013



OPEN

ACCESS

JZAR

Research

Article

Research Article

JOURNAL OF ZOO AND
AQUARIUM RESEARCH

Feeding practices for captive greater kudus (Tragelaphus strepsiceros) in

UK collections as compared to diets of free-ranging specimens

Lucy A. Taylor
1
'*, Christoph Schwitzer

1

, Norman Owen-Smith
2

, Michael Kreuzer
3
and Marcus Clauss

4

Bristol Conservation and Science Foundation, c/o Bristol Zoo Gardens, Clifton, Bristol BS8 3HA, United Kingdom
2
Centre for African Ecology, School ofAnimal, Plant and Environmental Sciences, University of the Witwatersrand, Wits 2050, South Africa

3
Institute of Agricultural Sciences, ETH Zurich, Universitatsstrasse 2, 8092 Zurich, Switzerland

4
Clinicfor Zoo Animals, Exotic Pets and Wildlife, Vetsuisse Faculty, University of Zurich, Winterthurerstr. 260, 8057 Zurich, Switzerland

*Corresponding author: ltaylor@bristolzoo.org.uk

Keywords:

greater kudu, antelope, nutrition, feed-

ing, lucerne hay, crude protein

Article history:

Received: 23 March 2012

Accepted: 25 February 2013

Published online: 24 July 2013

Abstract

Diet-related disorders occur frequently in captive browsing ruminants. To assess current feeding

practices, diets of 15 captive greater kudus (Tragelaphus strepsiceros) from three zoological collec-

tions were compared to that of free-ranging conspecifics and current feeding recommendations. Dry

matter intake (DMI) varied considerably in captivity from 49.2 to 75.7 g dry matter kg BM"
0 '75

d
-1

.

Roughage intake determined DMI; with a low DMI associated with low body condition scores (BCS).

Compared to free-ranging kudus with diets of 11.1-14.2% crude protein (CP), only one collection had

a diet with a similar CP concentration (13.0%), the other collections providing diets with CP of 15.1-

16.8%. Acid detergent fibre (ADF) in the zoo diets was comparable to that in the diet of free-ranging

animals (24.7-29.4%), but the latter consumed diets with less cellulose and more lignin. In addition,

faecal consistency scores (FS) were positively correlated with dietary CP and faecal nitrogen, and

negatively with faecal ADF, indicating that higher proportions of highly digestible feeds caused softer

faeces. In total, only four of fifteen captive individuals had normal BCS 3.0 and FS 1.0. These results

suggest that diets fed to captive browsing ruminants are too digestible, even in terms of fibre compo-

sition. Recommendations for higher CP may be unnecessary. Providing browse and high quality lu-

cerne hay may increase the proportion of roughages in the diet and overall DMI to meet require-

ments and recommendations. To balance the diet and reduce digestibility, the pellets should have

lower levels of CP, starch and sugar, and a higher level of fibre, particularly lignin.

Introduction

Browsing ruminants are often considered challenging to main-

tain in captivity and display a high prevalence of diet-related

disorders and poor body condition (Clauss et al. 2003; Clauss

and Dierenfeld, 2008). In the wild, browsers consume the

leaves and twigs of woody plants and forbs, as well as seeds

and wild fruits. Generally, browse is higher in crude protein (CP

= nitrogen x 6.25) and easily fermentable pectins, and lower in

overall fibre, compared to grass (Hummel et al. 2006); there-

fore high CP diets of up to 21% CP were historically recom-

mended for captive browsing ruminants (Fowler 1978; Lintzen-

ich and Ward 1997). However, browse contains more nonpro-

teinacious nitrogen bound to, or in, plant secondary metabo-

lites (PSM) and lignin, which could increase the calculated CP

content of browse without increasing available CP; therefore

browse probably contains lower levels of available CP than

would be expected from its CP concentration (Robbins et al.

1987; Hanley et al. 1992; Conklin-Brittain et al. 1999). In addi-

tion, logistical difficulties with providing browse, and the low

acceptance of hay in captivity, have led to the relative oversup-

ply of highly digestible feeds to browsing species, such as com-

mercial fruits and cereal-based pellets (Clauss et al. 2003). Such

diet items are high in sugars and starch, which can cause rumi-

nal acidosis and a number of other diet-related disorders

(Potter and Clauss 2005; Clauss and Dierenfeld 2008; Colville et

al. 2009; Schwitzer et al. 2009) and can have serious implica-

tions on captive animal health, welfare and longevity and, con-

sequently, conservation strategies for endangered species

(Barber 2009; Muller et al. 2011). For captive giraffes (Giraffa

Camelopardalis), it is now recommended to reduce the level of

CP, sugars and starch, and to increase the content of fibre in

the diet (Schmidt and Barbiers 2005; Hummel and Clauss

2006). There is, so far, no reason why these recommendations

could not be transferred to other browsing species. Neverthe-

less, data on the diet selection and nutrient intake of species in

the wild is often missing; therefore dietary formulation in cap-

tivity is afflicted with a degree of uncertainty (Bond 2001;

Wright et al. 2011).

Greater kudus
(
Tragelaphus strepsiceros) are browsing

ruminants found through much of eastern and southern Africa.

The feeding ecology of free-ranging greater kudus has been

researched extensively, including research into diet selection

(Owen-Smith and Cooper 1987; Owen-Smith 1994; de Garine-

Wichatitsky et al. 2004; Hooimeijer et al. 2005; Codron et al.

2007a) and estimations of nutrient and energy intake (Owen-

Smith and Cooper 1989; Owen-Smith 1997). Comparing the

diet of captive greater kudus to their free-ranging counterparts
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could highlight existing problems in captive feeding practices to help

reduce the putative incidence of diet-related disorders. Therefore,

the aim of this study was to assess the current feeding practices for

captive greater kudus by comparing the dietary and faecal nutrient

composition between captive and free-ranging greater kudus and

the current feeding recommendations for captive browsing rumi-

nants.

Methods

Captive greater kudus

The research was conducted following the methods described for

captive tapirs (Clauss et al. 2009). Fifteen greater kudus from three

zoological collections in the United Kingdom were assessed during

November 2010. The body mass (BM) of each animal was estimated

by keeper and researcher assessment, together with a photographic

comparison to free-ranging greater kudus, and to the other greater

kudus in this study. Each animal was assigned a faecal consistency

score (FS) calculated from the mean score of all observed defeca-

tions of the respective individual (Table 1; Figure 1), and a body

condition score (BCS) (Table 2).

FS Description

1.0 Firm, individual pellets; cylindrical in shape with a point at one end

(~15-20mm long)

1.5 Softer rounder pellets

2.0 Soft pellets, larger in size and beginning to stick together

3.0 Firm faecal mass. All pellets clumped together, with a range of

pellet sizes.

4.0 Soft faecal mass, with little form.

5.0 Fluid

Table 1. Faecal consistency score (FS) chart for captive greater kudu developed for this

study, with the aid of Greeff and Karlsson (1997) and Clauss et al. (2009). Normal free-

ranging greater kudu faeces (Stuart and Stuart, 2000) would be FS 1.0 using this chart.

Food intake was measured over a consecutive 3-day period by

weighing individual food items offered and subtracting the mass of

the food not consumed on a daily basis. At zoo A, meadow hay was

available in a mixed species exhibit; thus hay intake was estimated

by observations and by weighing representative samples of hay that

replicated the observed amounts of hay ingested by kudus. The

animals at zoos B and C had access to grass pasture; grass ingestion

could not be measured in this study. In all zoos, samples were taken

of pelleted feeds, forages, browse and faeces. Pellet and hay sam-

ples were stored in paper bags. Browse and faeces were stored in

sealed plastic bags and frozen.

Figure 1 . Examples offaecal consistency scores for captive greater kudu.

Both feed and faecal samples were dried at 60°C for 48 h and

then milled in a Retsch mill with a 0.5 mm sieve (Retsch, Haan, Ger-

many). Dry matter (DM) and total ash were determined with a TGA-

500 furnace (Leco Corporation, St. Joseph, Ml, USA; AOAC, 1997, no.

942.05) heated at steps of 105°C and 550°C, respectively. The con-

tent of CP was determined as nitrogen x 6.25 on a C/N analyzer

(Leco-Analysator Typ FP-2000, Leco Instrumente GmbH, Kirchheim,

Germany) (AOAC no. 977.02). Neutral detergent fibre (NDF, with

addition of a-amylase and without sodium sulfite), acid detergent

fibre (ADF) and acid detergent lignin (ADL) were determined follow-

ing Van Soest et al. (1991) by using the Fibertec apparatus (Fibertec

System M, Tecator, 1020 Hot Extraction, Flawil, Switzerland). All

fibre values are expressed without residual ash. As in Clauss et al.

(2009), fat content was estimated, on a DM basis, as 4% in browse,

2% in hay, and, for manufactured feeds, the fat value was obtained

from the feed packaging. Nutrient contents of fruits and vegetables

were obtained from ZOOTRITION™ software (version 2.6, Saint Louis

Zoo, MO, USA).

Cellulose was calculated as ADF-ADL, non-ADF-carbohydrates

(NadfC% DM) were calculated as 100-CP-fat-ash-ADF; and non-fibre

carbohydrates (NFC% DM), where fibre is equal to NDF, were calcu-

lated as 100-CP-fat-ash-NDF. The metaboliable energy (ME) content

of the diet was estimated from the nutrient composition using calcu-

lations by Pellew (1984) for estimating the energy intake of free-

ranging giraffe as follows:

Gross energy (GE MJ/kg DM) = 0.0226 CP (g/kg DM) + 0.0407 fat

(g/kg DM) + 0.0192 ADF (g/kg DM) + 0.01 77 NadfC (g/kg DM)

Metabolizable energy (ME MJ/kg DM) = 0.447 x GE.

BCS Diagram (Female)

g
E
m

General

Emaciated,

skeletal

Thin

Good, fit

Fat

Obese

Neck/ shoulder

Emaciated bone structure of

shoulders and very thin neck

Thin neck and shoulders

Moderate covering

Thick neck, shoulders slight-

ly rounded

Thick neck, rounded shoul-

ders, fat deposits

Ribs Back Hip/ tailhead

Prominent and

easily visible

Very prominent ridge,

spinous processes are

identifiable

Pelvic bones are very

prominent

Pelvis bones may be

Visible Prominent ridge slightly discernable,

but hips are rounded

Fat is present around

Not visible No ridge the tailhead, pelvic

bones are flat

Not visible, fat

deposits may be

present

Back appears flatter, fat

deposits present
Hips are rounded

Not visible, fat

deposits may be

evident

Wide, flat back with

patchy fat deposits
Hips are very round

Table 2. Body condition score (BCS) chart for captive greater kudu developed for this study, with the aid of Riney (1960), Clauss et al. (2009) and Disney's Animal Kingdom (2005).

Normal BCS is 3.0.
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The proportional consumption of food, nutrients and ME by

each individual in the group was presented on the basis of the calcu-

lated metabolic body mass (BM, kg
0 75

).

Free-ranging greater kudus

The BSC and FS of free-ranging greater kudus were assumed to be

normal for this species at 3.0 and 1.0, respectively. Dietary nutrient

concentrations were estimated from data collected by Owen-Smith

and Cooper (1989), who followed four free-ranging subadult greater

kudus for one year and recorded the food intake of three different

individuals, from dawn to dusk, on three days each month. For each

plant consumed, the time spent foraging was multiplied by the

eating rate (g DM per minute, from the product of bite size and

biting rate) to estimate the DM intake of each plant. The dietary

concentrations of CP, cellulose and ADL in DM were then calculated

from the chemical composition of each plant species. The results

were split into a mean for the dry season, using the data from June

until September, and the wet season from November until April,

according to the seasonal notes presented in Owen-Smith and

Cooper (1989). For faecal N, ADF and ADL, the data from Codron et

al. (2007b) was used as comparison. Cellulose was calculated as

described above.

Zoo diet evaluation

The zoo diets were evaluated by comparing the dietary and faecal

nutrient concentrations to those of free-ranging greater kudus, and

to the feeding recommendations of Lintzenich and Ward (1997;

recalculated to a DM basis), for medium to large browsers, and

Schmidt and Barbiers (2005) and Hummel and Clauss (2006), for

captive giraffes. Lucerne hay quality was assessed according to the

quality standards of the American Forage and Grassland Council,

from high "prime quality" hay, followed by "quality 1" hay down to

low "quality 4" hay, using CP and NDF proportions in the DM of the

lucerne hay (Baylor and Rohweder 1979). The ME intake of the cap-

tive greater kudus was compared to the estimated maintenance ME
requirements of captive mammals, calculated using the allometric

equation for the basal metabolic rate of 0.293 MJ kg BM 075
day

1

,

multiplied by factors of 1.5 and 2.0, to give a maintenance require-

ment of 0.44-0.59 MJ ME kg BM 075
d

1

(Kirkwood 1996). Spearman's

rank correlation coefficient was used to test for a correlation be-

tween the dietary and faecal nutrient concentrations, and between

BCS or FS and the dietary and/or faecal nutrients, using IBM® SPSS®

Statistics 19 software (SPSS Inc. Chicago, IL). Associations between

BCS and the intake of nutrients (g kg BM 075
day

1

)
were tested by

correlation analysis, because overall intake affects BCS; similarly,

associations between FS and the concentrations of nutrients in DM
were tested for, because diet composition affects FS. The signifi-

cance level was set to p<0.05.

Results

The mean BCS at zoo A was 3.010.0 (mean ± standard deviation), at

zoo B 2.710.4 and at zoo C 3.310.3. Eight of 15 animals scored nor-

mal BCS 3.0, with three animals at zoo B below, and four animals at

zoo C above, this value (Table 3). The mean FS at zoo A was

1.0410.06, at zoo B 2.011.1 and at zoo C 2.511.1. One animal could

not be assessed for FS at zoo B. Only one of 14 individuals assessed

for FS achieved a mean FS of 1.0. Four individuals, including both

animals at zoo A and two non-lactating females at zoo B, scored BCS

3.0 and had a mean FS lower than 1.5.

Dry matter intake (DMI), excluding grass, ranged from 49.2 g DM
kg BM"

0 75^1
at zoo B to 75.7 g DM kg BM^d^at zoo A (Table 4).

All collections provided pelleted feed and lucerne hay at ad libitum

access. The DMI from pellets was relatively consistent across all

collections. When two types of pellets were offered, the pellets

were mixed in a pre-defined ratio. No selection bias was observed

between pellets during this study.

Zoo Animal Type BM (kg) BCS FS

1 Adult female 180 3.0 1.08
A

2 Adult female 170 3.0 1.00

1 Adult female 170 3.0 1.25

2 Adult female 150 2.5 2.67

3 Adult female 150 3.0 _*

B 4 Adult female 150 3.0 1.25

5 Lactating female 160 2.0 4.00

6 Subadult male 100 3.0 1.50

7 Juvenile 40 2.5 1.50

1 Adult male 230 3.0 2.50

2 Adult female 190 3.5 1.75

c
3 Lactating female 190 3.0 4.25

4 Lactating female 180 3.5 3.25

5 Juvenile 60 3.5 1.25

6 Juvenile 50 3.5 1.75

*Faeces could not be accurately identified, but appeared to be FS 1.5

Table 3. Group composition at each zoological collection, including body mass (BM),

body condition score (BCS) and faecal score (FS) of each individual. Normal BCS is 3.0 and

normal FS is 1.0.

Zoo

DMI in order of Inclu-

sion

(excluding grass)

Total

DMI

Fruits/ Veg Pellets Roughage Browse Grass
Unstr : struct

ratio
Access % Diet Access %Diet DMI Access % Diet DMI Access % Diet DMI Access

A

Browser breeder

pellets
a

;
Lucerne hay;

Meadow hay; Acacia

pellets
6

;
Hazel

(Corylus avellana );

Stinging Nettles (Urtica

dioica ); Maple (Acer

sp.); Willow (5o//xsp.);

Broccoli; Apples; Cauli-

flower; Carrots

75.7 Limited 1.7
Limited, but „„ „

,

. 48.6 36.8
leftovers

Adlib. 38.5 29.1 Limited 11.2 8.5 None 1 :

1

B

Ungulate rolls
c

; Lu-

cerne hay; Molassed

dried alfalfa

49.2 None 0.0 Limited 68.8 33.9

Dried Alfalfa:

limited; „„ „ „
. 31.2 15.4

Lucerne hay:

Adlib.

When avail-

able; not 0.0 0.0

during trial

24 hours 2.2 : 1

C

Browser cubes
d

;

Lucerne hay; Linseed

lozenges
e

;
Pear; Car-

rots; Apples; Grapes

63.2 Limited 5.8 Adlib. 51.7 32.7 Adlib. 42.5 26.8

When avail-

able; not 0.0 0.0

during trial

~8 hours 1.4: 1

Main ingredients in order of inclusion:
a
Browser breeder pellets: Oat hulls and bran, soya bean hulls, dehulled extracted toasted soya, lucerne meal, molasses, wheat, dextrose monohydrate;

b
Acacia pellets: Acacia sp., Hominy chop, molasses meal, yellow maize, lucerne, soya oilcake, cotton oilcake, sunflower oilcake;

c

Ungulate rolls: Barley, wheatfeed, wheat, molaferm 20 mollases bulk, calcium cabonate, oat pellets, sunflower ext, blended vegetable oil;

d
Browser cubes: Grass, unmolassed sugar beet, wheat, dehulled soya bean meal, soya hulls, oatfeed, full fat linseed;

e
Linseed lozenges: Linseed expeller, glucose syrup.

Table 4. Dietary composition, excluding grass, of the captive greater kudus at each collection in terms of dry matter intake (DMI = g DM kg BM 0 75
d

_1

). Unstructured food includes

fruit/ vegetables and pellets and structured food includes roughage and browse.
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None of the collections applied a ratio of 30-40% pellets to 60-

70% roughage and browse, as recommended by Lintzenich and

Ward (1997), but zoo A just attained the recommendations of Hum-

mel and Clauss (2006), of a maximum of 50% unstructured food

(fruit/veg and pellets), at 50.4%. The DMI of lucerne hay increased

as hay quality increased, but none of the collections fed "prime qual-

ity" lucerne hay as recommended by Lintzenich and Ward (1997)

(Figure 2). The intake of meadow hay at zoo A, which was in a day-

time mixed species exhibit, was affected by the dominance of the

other species in the exhibit. With the inclusion of meadow hay and

medium quality lucerne hay, the animals at zoo A had a higher

and quality. Lucerne hay quality is assessed according to the quality standards of the

American Forage and Grassland Council, using the crude protein (CP% DM) and neutral

detergent fibre (NDF% DM) content (Baylor and Rohweder 1979). Prime quality is

highest quality hay.

roughage intake than the animals at zoo C with high quality lucerne

hay (29.1 compared to 26.8 g DM kg BM"
0 ' 75 ^1

). In addition, zoo A
was the only collection that provided seasonal browse on a daily

basis, which increased the total DMI and meant zoo A had an overall

roughage and browse intake of 37.6 g compared to the lowest

roughage intake of 15.4 g DM kg BM^d^at zoo B. Commercial

fruits and vegetables were fed on a daily basis to the animals at zoo

C; at zoo A, apples and carrots were only fed as part of the twice-

weekly training program, and broccoli and cauliflower were fed as

enrichment 2-3 times a week, alternating with stinging nettles

[Urtica dioica ); no fruits or vegetables were fed at zoo B. The animals

with access to grass pasture at zoos B and C were observed grazing,

but grass consumption could not be quantified.

Dietary CP concentration at zoo A was comparable to both the

free-ranging greater kudus and the recommendations of Schmidt

and Barbiers (2005) of 10-14% CP (Table 5). Zoo C was within the

range of the higher recommendations of Lintzenich and Ward (1997)

of 16.7-21.1% CP. The lowest intake of CP was at zoo B, despite a

dietary CP concentration of 15.1%, due to the low total DMI. The

dietary ADF concentrations at zoos A and C and of the free-ranging

greater kudus (24.7-29.4%) were comparable to the levels recom-

mended for captive giraffes by Schmidt and Barbiers (2005) of 25-

30% ADF. However, free-ranging greater kudus consumed a ratio of

cellulose to ADL of 1.6-1. 7, whereas captive greater kudus consumed

more cellulose and less ADL in a ratio of 2.4 at zoo B and 2.9 at both

zoos A and C (Table 6). In terms of lucerne hay, the ratio of cellulose

to ADL ranged from 3.8 in medium-low quality lucerne hay to 3.0 in

high "quality 1" lucerne hay, which was still high compared to 0.3-

1.9 in the browse at zoo A. The highest percentage of NFC (% DM) in

the diet was at zoo B, due to high levels in the pelleted feed (49.7%).

In the faecal analysis, free-ranging greater kudus had higher faecal N

and ADL concentrations than captive greater kudus.

In terms of ME intake, zoo C was the only collection within the

estimated maintenance ME requirements of 0.44-0.59MJ kg BM 075

d'
1

. Zoo A provided over (105-140%), and zoo B provided under (67-

90%), the estimated ME requirement, respectively.

There were significant, positive correlations between dietary CP

and faecal N (rs = 0.55; p = 0.044), and dietary and faecal NDF (rs =

0.83, p<0.001) and cellulose (rs = 0.55, p = 0.029) concentration, but

there was a negative correlation between dietary and faecal ADL

concentration (rs = -0.61, p = 0.020). BCS was significantly positively

correlated with DMI (g DM kg BM °' 75
d

_1

)
(rs = 0.54, p = 0.038). How-

ever, BCS only showed a tendency to correlate with energy intake (rs

= 0.49, p = 0.061) and was not associated with FS (rs = -0.13, p =

0.650). The FS significantly increased with dietary CP concentration

(% DM) (rs = 0.58, p = 0.030), but was not significantly correlated

with other dietary nutrients. In the faecal analysis, there was a high-

ly significant, negative correlation between FS and faecal DM con-

tent (rs = -0.82, p <0.001), suggesting that firmer faeces were also

less moist. FS was also positively correlated with faecal N concentra-

tion (% DM) (rs = 0.65, p = 0.013) and negatively correlated with

faecal ADF concentration (rs = -0.64, p = 0.014) (Figure 3).

Zoo
Mean

BCS

Mean Crude protein NDF ADF

(% DM)

ADL

(% DM)

NFC

(% DM)

Metabolizable energy

FS % DM g kg BM'
0 75

d
1 (% DM) MJ/kg DM MJ kg BM'

0 75
d

1

A 3.0 1.0 13.0 9.8 44.3 30.5 7.9 32.3 8.14 0.62

B 2.7 2.0 15.1 7.4 33.1 22.9 6.7 40.5 7.99 0.39

C 3.3 2.5 16.8 10.6 35.7 25.4 6.9 33.8 8.07 0.51

Table 5. The body condition score (BCS), faecal score (FS) and dietary nutrient concentration (% DM) and intake (g kg BM'
0,7^' 1

) (neutral detergent fibre - NDF, acid detergent fibre -

ADF, acid detergent lignin - ADL; non-fibre carbohydrates - NFC) of the captive greater kudus in this study. Normal BCS is 3.0 and normal FS is 1.0 and metabolizable energy is esti-

mated.

Figure 3. Relationship between the mean faecal consistency score (FS) and (a) faecal nitrogen (N) and (b) faecal acid detergent fibre

(ADF) of captive and free-ranging greater kudus. Normal FS is 1.0.
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Dietary CP Faecal N Cellulose ADL Ratio of cellulose to ADL

Dataset (% DM) (% DM) (% DM) (% DM)

Diet Faeces Diet Faeces Diet Faeces

Captive greater Zoo A 13.0 2.3 22.6 29.3 7.9 14.9 2.9 2.0

kudus
Zoo B 15.1 2.2 16.2 15.0 6.7 19.3 2.4 0.8

Zoo C 16.8 2.5 18.5 19.2 6.9 15.4 2.9 1.2

Free- ranging
Dry season 11.1 2.6 15.8 19.8 13.6 26.5 1.7 0.8

greater kudus* Wet season 14.2 3.0 13.7 19.9 11.1 23.1 1.6 0.6

* From the dataset of Owen-Smith and Cooper (1989) and the data of Codron et al. (2007)

Table 6. Dietary and faecal concentrations of crude protein (CP) or nitrogen (N), cellulose and in captive and free -ranging greater kudus

Discussion

The results of the present study suggest that captive greater kudus

were less likely to achieve a normal BCS, and tended towards softer

faeces, than their free-ranging counterparts, which suggests that the

diets in captivity differed in nutrient composition from the diet in

the wild. Some of the limitations of the study must be stated. This

study was on a small scale involving 15 animals on three different

diets. The body mass of each individual was estimated and no ad-

justments were made for the requirements of lactating or growing

individuals; thus the maintenance levels presented represent a mini-

mum group requirement. The dietary and faecal nutrient concentra-

tions were measured over three days and do not encompass long-

term consequences or seasonal variations. For logistical reasons, the

intake of grass and the individual feed intake of each animal could

not be measured. The dietary and faecal nutrient concentrations in

free-ranging greater kudus were obtained from two different

sources (c.f. Owen-Smith and Cooper 1989: Codron et al. 2007b).

Nevertheless, the findings facilitate the identification of major differ-

ences between diets consumed in captivity and in the wild.

The BCS was rather low in three animals of zoo B, which sug-

gests a deficient intake of energy or specific nutrients or both. The

positive correlation between DMI and BCS, and an ME intake below

the estimated minimal requirements, suggests that the animals at

zoo B did not consume enough food to meet requirements. Assum-

ing an ME content of 8 MJ/kg DM, a non-reproducing adult would

have to consume 55-74 g DM kg BM^d^to meet the estimated

ME requirements of 0.44-0.59 MJ kg BM °' 75
d \ A DMI below these

estimations, like at zoo B at 49.2 g DM kg BM ^d'1

, suggests the

presence of either an energy deficit, or a nutrient-dense ration that

could, in turn, lead to diet-related disorders, such as acidosis. How-

ever, there is also an inverse relationship between both DMI and ME
intake and access to grass. This correlation could suggest that ani-

mals with greater grass access, such as the animals at zoo B, ate

more grass, to the extent that grass DMI depressed DMI (excluding

grass). However, grass is generally high in cellulose and abrasive

silica. Browsers, with 'moose-type anatomy', achieve lower fibre

digestive coefficients than grazers (Perez-Barberia et al. 2004) and

may not be adapted to comminute grass effectively (Hummel et al.

2008). This is reflected in the diet of free-ranging greater kudus,

which only consists of approximately 4% tropical grass (Codron et al.

2007a). Although four animals at zoo B did achieve a normal BCS,

three animals, including a lactating female, had a lower BCS, which

suggests that the animals may not have been able to extract suffi-

cient nutrients from the grass to maintain an animal with additional

requirements. Therefore, pasture grass should not be considered a

major component in the diet of captive greater kudus, and access to

pasture should not imply that a lower provision of roughages, such

as lucerne hay or browse, is required. The animals at zoo A were

consuming more than the estimated maximum maintenance ME
requirements, but given that both animals scored BCS 3.0, the long

term balance and digestion of nutrients appears to have met re-

quirements. However, it should be noted that ME was only estimat-

ed in this study. The DMI from the pellets was relatively consistent

across all collections, despite differences in the type and availability

of pelleted feed. Instead, DMI was affected by the intake of

roughages and browse, which varied considerably. Therefore, to

increase the DMI (for example at zoo B), the intake of roughages

must be increased.

Roughage intake is important for the stimulation of rumination

and normal feeding behaviour. Yet, there are numerous reports

documenting the low acceptance of hay by captive browsing rumi-

nants (c.f. Clauss et al. 2003). Miller et al. (2010) reported a low

intake of timothy hay by captive greater kudus, with a pellet to timo-

thy hay ratio of 5.0:1.0. By comparison, the animals at zoo C had an

unstructured to structured food ratio of 1.4:1. 0, using high "quality

1" lucerne hay. Lucerne hay DMI appeared to be directly related to

quality as, even with a limited quantity of alternative feeds and the

prospect of energy deficiency, the animals at zoo B, on low "quality

4" lucerne hay, consumed much less lucerne hay than the other

animals in this study with ad libitum access to pellets. High-quality

lucerne hay has also been reported to increase roughage intake in

captive giraffes and okapis [Okapi johnstoni) (Hummel et al. 2003),

and high-quality forage is generally associated with higher food in-

take in herbivores (Meyer et al. 2010). However, prime quality lu-

cerne hay can be difficult to source in Europe (Clauss and Dierenfeld

2008). Wright et al. (2011) reported significant variation in the quali-

ty of lucerne hay fed to eastern bongos (Tragelaphus eurycerus

isaaci) in UK collections. The provision of browse, as shown in the

present study and by Hatt et al. (2005) in captive giraffe, can in-

crease DMI and should be offered as much as possible. However,

obtaining browse in large quantities can be logistically difficult, and

expensive. Ideally, zoos that keep browsing ungulates should main-

tain browse plantations (Hollerl et al. 2006; Schlegel et al. 2006). By

providing browse, and both lucerne and grass hay, zoo A attained

the highest roughage intake, with an unstructured to structured

food ratio of 1. 0:1.0. A diverse diet has been shown to increase DMI

in several domestic species (Rolls et al. 1983; DiBattista and Sitzer

1994; Villalba et al. 2011). Therefore, providing a greater variety of

roughages, including grass hay, may increase roughage and total DM
intake. Increasing the number of different roughages offered could

also positively impact on animal welfare because a monotonous diet

might cause satiety, which might limit food intake and could be

stressful for the animal (Villalba et al. 2010). Low-quality lucerne hay

of grades 3-4 (c.f. Ullrey 1997) should be avoided due to the low

intake by the captive greater kudus.

In this study, FS was positively correlated to both dietary CP and

faecal N concentration (% DM). Nijboer et al. (2006) also reported a

positive correlation between dietary and faecal CP concentration

and FS in captive colobine monkeys (Subfamily: Colobinae), where

the proportion of CP ingested by captive individuals was higher than

the CP consumed by their free-ranging counterparts. Indeed, com-

pared to the free-ranging greater kudus, the diets of the captive

greater kudus with a higher FS had a much higher proportion of CP.
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In cattle (Bos primigenius), a high CP concentration can cause softer

FS, but FS is also affected by CP digestibility (Ireland-Perry and

Stallings 1993). Whether it is really the high CP concentration (and

digestibility) as such, or whether CP is only a general proxy in these

cases for overall diet quality, remains to be elucidated.

The higher faecal N in captive animals, with a higher FS, is an

indirect indication of a highly digestible diet (Hodgman et al. 1996).

Low fibre diets are also associated with softer FS in a number of

different species (Ireland-Perry and Stallings 1993; Nijboer et al.

2006). In the present study, there was a negative correlation be-

tween dietary and faecal indigestible ADL concentration across the

three collections, which confirms that diets lower in ADL, or fibre as

a whole, also had a higher digestibility. Diets that were lower in fibre

and roughages contained a higher proportion of pelleted feed and

either a cereal-based pellet or commercial fruits, which are known

to be highly digestible (Clauss and Dierenfeld 2008). Corresponding-

ly, there was a negative correlation between FS and faecal ADF con-

centration, which suggests that a higher content of highly digestible

feeds, with a lower content of fibre, contributed to, or caused, the

high FSs in the present study. Therefore, the present results support

the notion that highly digestible feeds should not be fed in large

amounts to captive browsing ruminants, and that the content of CP,

sugars and starch should be reduced by increasing the content of

fibre, ideally by the proportion of roughages, in the diet of captive

browsing ruminants.

The recommendations of Lintzenich and Ward (1997), of 16.7-

21.1% CP, exceed the CP concentration of the diet actually con-

sumed by free-ranging subadult greater kudus. These diets con-

tained 11.1% CP in the dry season and 14.2% CP in the wet season.

This could be an indication that current protein recommendations

are unnecessarily high. McCusker et al. (2011) found that growing

mule deer ( Odocoileus hemionus) were able to meet both energy

and protein requirements on a low-starch high-fibre pellet with

14.8% CP. In addition, the higher faecal N concentration of free-

ranging greater kudus, with a normal FS, could be the result of a

higher content of indigestible N bound to, or in, plant secondary

metabolites or lignin, which could be an indication of different N to

CP conversion factors (Robbins et al. 1987; Hanley et al. 1992;

Conklin-Brittain et al. 1999). Therefore, the actual dietary CP availa-

ble for digestion to the free-ranging greater kudus may be compara-

tively lower than that in captive animals consuming a diet with the

same nominal CP concentration. In the present study, the non-

reproducing greater kudus at zoo A were maintained with a FS lower

than 1.5, and at a BCS of 3.0, with a dietary CP concentration of

13.0%, which suggests that the reduced protein recommendations

for captive giraffes by Schmidt and Barbiers (2005) of 10-14% CP

could be applied to captive greater kudus as well. Further research is

required into CP digestibility, and into N conversion factors for wild

and zoo diets.

The proportion of unstructured feeds at two collections was

above the maximum of 50% as recommended by Hummel and

Clauss (2006). Apart from contributing to, or causing, softer FSs,

more seriously, diets high in sugars and starch and low in fibre and

roughages can cause ruminal acidosis, oral stereotypies and other

diet-related disorders (Schochat et al. 1997; Schaub et al. 2004;

Potter and Clauss 2005; Clauss and Dierenfeld 2008; Colville et al.

2009). Therefore, cereal-based pellets and commercial fruits should

be removed from the diet, or restricted to behavioural training, and

the proportion of fibre and roughages in the diet should be in-

creased. The proportion of ADF in the diet of free-ranging greater

kudus was comparable to the recommendations for giraffe of

Schmidt and Barbiers (2005) of 25-30%, which again suggests that

these recommendations could be implemented for captive greater

kudus. However, free-ranging greater kudus had a higher proportion

of indigestible ADL in the diet, which suggests that the current diets

fed to captive browsing ruminants are too digestible, even in terms

of fibre composition. High-quality lucerne hay contains a lower pro-

portion of cellulose, and has a lower cellulose to ADL ratio, than low-

quality lucerne hay, but still has a relatively high cellulose to ADL

ratio (3.0) compared to the diet of free-ranging greater kudus (1.6-

1.7). Feeding of lucerne hay is recommended not for its protein con-

tent, but because it is a readily available roughage that will ensure

fibre intake. Providing browse, high-quality lucerne hay and a pellet-

ed feed with a high fibre content and a low cellulose to ADL ratio

appear to be the best available recommendations for the feeding of

captive greater kudu based on the present findings.

Conclusions

1. In a study of the current feeding practices for captive greater

kudus, only eight of 15 individuals had a normal body condition

score and five individuals had a normal faecal consistency score,

which suggests that the amount and the composition of the diets

fed to captive greater kudus were different from that ingested by

their free-ranging counterparts.

2. A low body condition score was correlated with a low intake of

total dry matter, confirming the usefulness of condition scoring

to monitor nutritional status and dietary adequacy.

3. Faecal consistency was positively correlated with dietary CP and

faecal N and negatively correlated with faecal ADF, which sug-

gests that a higher content of highly digestible feeds may have

contributed, or caused, softer faeces and should therefore not

be fed to captive greater kudus.

4. Compared to free-ranging greater kudus, captive greater kudus

consumed diets with a much higher concentration of CP, which

appears to be unnecessary, and with a lower cellulose to ADL

ratio, indicating that the fibre composition in diets in captivity

deviates from conditions in the wild.

5. Roughage intake had the greatest effect on DMI in captivity.

However, lucerne hay intake increased as hay quality increased.

Hence, rather than trying to meet energy and nutrient require-

ments by offering a nutrient dense diet with some roughage, the

findings of this study suggest that feeding browse, high-quality

low fibre roughage and high fibre, low CP, starch and sugar, pel-

lets, is a better strategy.

6. It should be further tested whether the feeding recommenda-

tions for captive giraffes, of 10-14% CP and 25-30% ADF by

Schmidt and Barbiers (2005), could also be implemented for

captive greater kudus.
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Abstract

Ungulates can be underrepresented in zoo animal behaviour and welfare research, yet they comprise some of

the most widely-kept captive species and as such, their lives within the zoo are worthy of closer investigation.

Sitatunga (Tragelaphus spekii) are kept in numerous zoological collections globally yet current information on

species-specific husbandry requirements and captive behaviour patterns appears limited. Many enclosures for

ungulates can be uninspiring and generic; this study was designed to gain a better understanding of daily

activity and enclosure use of a species that, in the wild, has a very particular habitat choice. Data were collect-

ed at the former Cricket St Thomas Wildlife Park, Chard, UK on eight sitatunga to determine overall daily

activity patterns and usage of all available areas of their exhibit. Instantaneous scan sampling of the whole

herd during three periods each day (morning, midday and afternoon) allowed for changes in behaviour

patterns to be assessed over time. The enclosure encompassed both biologically-relevant (long grasses, reeds

and shallow water) and less relevant (open, short -grassed) areas; these were zoned according to features

considered useable to the sitatunga and that could influence behaviour and time spent within that zone. Zone

usage was analysed using a modified Spread of Participation Index (SPI) which indicated a significant prefer-

ence for biologically-relevant spaces. Significantly enhanced behavioural repertoires occurred in the "natural"

zones of the enclosure and three behaviours (standing, sitting/ruminating and eating) showed significant

differences in performance between natural and artificial zones, and between time of day. Captive sitatunga

display a daily rhythm in their activity, however comparison with wild data in the literature shows only few

similarities in daytime activity budget and analysis reveals a significant difference between daily feeding

patterns. Overall, enclosure design based on facets of natural ecology is important for the expression of a

"wild-type" behaviour pattern in captive ungulates and sitatunga will actively choose more biologically-

relevant areas of their exhibit when these are available. It is suggested that alterations to husbandry regime

and management style of such specialised ungulates could help improve captive behavioural repertoires and

enhance the display of such animals in the zoo.

Introduction

When designing zoo animal enclosures it is important to have

knowledge of the activity budgets of the species intended for

exhibition to determine optimal furnishing and size allocation,

thus providing quality space for the animal (Estevez and Christ-

man 2006; Ross et al. 2009). Simple methods of space-use eval-

uation and assessment have been applied to several commonly

held zoo taxa (e.g. Hedeen 1983; Hebert and Bard 2000; Mal-

lapur et al. 2002; Ross and Lukas 2006; Ross et al. 2011) and it is

understood that the design of enclosures (and hence the envi-

ronment created for a species) plays an important role in deter-

mining the overall diversity of activity budgets shown by captive

species (Reinhardt et al. 1996; Seidensticker and Forthman

1998; Clark et al. 2012; Rose and Roffe 2012). Species-

appropriate exhibitory that facilitates the performance of self-

fulfilling behaviours (e.g. appetitive behaviours, as per Day et al.

1995; Duncan 1998) is enriching to the animal and may ulti-

mately provide a better quality experience for the zoo visitor

(Blowers et al. 2012; Fabregas et al. 2012).

It is well-known that measurement of such "useable space"

can be undertaken via a calculation of Spread of Participation

Index (SPI), either in its traditional or modified form (see He-

deen 1983; Plowman 2003). SPI results enable those providing

care, designing enclosures and manipulating social groupings to

have quantifiable data on which to base decisions pertinent to

individual species. Evaluation of captive provision is required for

species commonly kept but perhaps overlooked; animals that

may not outwardly show signs of stress but who may benefit

from an assessment of husbandry, management and provision

within their collection. Such an evidence-based approach (Melfi

2009) is a useful direction for zoos to travel in to make substan-

tial and long-term changes to husbandry and enclosure design.

This evidence-based style has been the subject of the research

project presented here.

The sitatunga (Tragelaphus spekii) is an example of a species

held in captivity at a range of institutions (being kept in 78 ani-

mal collections throughout the world, see ISIS as of February

2012) but where little research into captive need has been con-

ducted. Wild sitatunga face a current downward population

trend although they are not currently classed as threatened on

the IUCN Red List (IUCN SSC Antelope Specialist Group 2008). A

semi-aquatic antelope occupying marshes and swamps, papyrus

beds and the wetter areas of savannah and rainforest habitats

(Kingdon 1982; Estes 1991; MacDonald 2001; Robinchaud

2011), the wild activity budget of the sitatunga can be difficult

to define, posing a challenge to those seeking the "evidence-

basis" for zoo husbandry.
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Information presented in Delany and Happold (1979) and King-

don (1982) states that animals prefer to browse in low-growing

thicket in and around marshy areas, as well as entering deeper wa-

ter to consume vegetation. Owen (1970) details foraging patterns

with sitatunga consuming a wide variety of wetland plants, and

again, Kingdon's (1982) review of sitatunga grazing behaviour in

wetland areas details animals regularly leaving resting areas of

dense cover to forage on new-growth grass. Consequently, for a

meaningful exhibit to be constructed in the zoo, key aspects of evo-

lutionary biology, ecological niche and behavioural ecology must be

incorporated. The minimum husbandry guidelines developed by the

Association of Zoos and Aquaria (AZA) do provide basic husbandry

needs for the keeping of Tragelaphine antelopes (Antelope TAG

2006) but no specialist requirements are stated for individual spe-

cies. These AZA guidelines, together with some detail on the World

Association of Zoo and Aquariums (WAZA) website, are only mini-

mum standards and zoos are expected to expand on them to incor-

porate biologically-important features within species-specific exhib-

its.

Data presented here will hopefully enable those managing sita-

tunga populations to have a greater understanding of captive needs

and show an example of evidence-based animal management

whereby changes can be implemented from a sound understanding

of need and requirement. Whilst complete re-creation of the biome

so favoured by this antelope (Plate 1) may not always be totally

feasible, key facets of this biome could be included to remove the

generalised look of an exhibit (e.g. Plate 2).

Plates 1 (left) and 2 (right). A replication of the sitatunga's natural habitat in the Ameri-

can Museum of Natural History, and a familiar, less diverse, habitat provided for the

same species in captivity (author's photographs, 2011).

Data were collected to answer the hypotheses a) sitatunga will

preferentially favour specific areas of an exhibit that best mimic

wild-type conditions and that b) time budgets / behavioural reper-

toires of sitatunga in the zoo will mirror those of wild, free-living

animals.

Methods
Behavioural data were collected at Cricket St Thomas Wildlife Park,

Chard, UK in July 2009 for ten consecutive days. The study location

was chosen due to the perceived quality of the sitatunga paddock,

which contained a range of different "habitats" for the antelope to

use and showed environmental heterogeneity not always that evi-

dent for captive ungulates. Observations were made in three time

periods (09:00-11:00, 12:00-13:00 and 14:00-16:00 BST) using in-

stantaneous scan sampling with an interval time of two minutes. A

total of 50 hours of data was gathered on each individual antelope.

These three observation periods were selected to best replicate the

division of daytime activity that would be seen in the wild (and

hence to allow for differences in behaviour at varying time periods

to be recorded) and to work around the husbandry regime at the

collection at that time. Animals were individually identifiable via

different coloured ear tags so that, with the aid of binoculars, identi-

fication was always possible. The sitatungas' paddock was divided

up into zones (Table 1) with some areas containing features that

replicated biologically-relevant habitats and others that were

deemed less ecologically important. These zones were designated

and mapped using a satellite picture of the paddock obtained from

Google Earth™ Pro with the areas (m
2

)
of each section being calcu-

lated. At the same time as behavioural sampling, location of each

animal within the exhibit was. recorded

Zone Name Area (m
2

)

1 Back grassed area 3754

2 End waterfall 102

3 Deep pool 311

4 Pool with trees 271

5 Centre waterfall 153

6 Shallow pool 682

7 Bank with reeds and grass 1181

8 Start waterfall 46

9 Front grassed area 3403

10 Housing 166

11 Marshy area 243

Total area of enclosure = 10312m2

Table 1. Designated zones with the sitatunga enclosure and the area of each.

Behaviour

Standing

Description

The animal is upright on all four limbs, not moving, with its torso raised off ground, eyes open and observant of the immediate environment.

Grouped into

sit / ruminate

for analysis.

Grouped into

feeding for

analysis.

Sitting

Rumination

Feeding and

foraging

Foraging

Sleeping

The animals is conscious and in a ventral recumbent position on the ground.

Jaw movements associated with mastication of food or a bolus for the process of digestion of plant material. Normally performed sitting

down, quietly, in a sheltered area of the enclosure.

The action of eating or consuming forage, browse or grass using the tongue, teeth and mouth. The animal can be upright or sitti ng.

The animal is actively seeking and searching for food using its senses to search out food. The animal is moving purposefully around the exhib-

it sniffing, tasting and exploring different foodstuffs.

The animal is in a complete or partial state of unconsciousness; in a dormant state, with eyes closed, resting on the ground.

Aggression

Walking

Grouped into

other state

behaviour for

analysis.

Scratching

Play

Vigilance

Territorial

actions

Any antagonistic interaction between or directed to other individuals; this can include clash fighting where horns are used against another

animal, chasing of one animal by another in a threatening manner, pushing, shoving or displacement of one individual by another.

The animal is travelling on foot, advancing the feet alternately so that there is always two or more feet on the ground at any one time, either

individually or as a herd.

The animal uses horns, mouth or limbs to manipulate or rub a part of its body in a short, sharp rhythmic pattern.

The animal engages in physical activity that is undertaken purely for enjoyment or amusement; this can include skipping, "gambolling",

running, chasing or cavorting with other individuals in the enclosure. There is no associated aggressive response. In male animals only, spar-

ring ("play fighting") may be performed between two individuals.

The animal, whilst standing, assumes an alert posture and stares fixedly on a specific point with both ears forward; the animal may produce

an alarm snort or stamp the ground with one leg.

A directed social interaction of one individual towards another to denote possession of a specific area of ground. Once the targeted animal

moves away, the interaction ceases. In a male animal only, the antelope may "horn" the ground or associated enclosure furnish ings.

Table 2. Ethogram of captive sitatunga behaviour observed in the study
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The eight sitatunga (two adult males, five adult females, one

juvenile of unknown gender) were all ear-tagged. The two male

antelope, one older than the other, could be identified by their phys-

ical size and horn length. All five females were identifiable by the

position and colour of their ear tags. The juvenile sitatunga was

identifiable due to its size in comparison to other members of the

study group.

Behavioural recording, undertaken by the same sole researcher

for the duration of the observation period, took place from a small

hide placed in the enclosure in a position that provided an uninter-

rupted view of all animals in all areas of the enclosure. A seven day

pilot study and acclimatisation period were instigated before the

main data collection period commenced. Using Popp (1982) and

Estes (1991) as a main guide, an ethogram of key behaviours was

created to categorise activity observed (Table 2). To enable clarity in

analysis of the results, observed behaviours were grouped into four

main categories, which also facilitated the comparison of sitatunga

behaviour with that in published work.

Data were analysed using Microsoft Excel® 2008 and Minitab®

Statistical Software, version 16. Evaluation of zone usage was under-

taken using the Modified SPI formula (Plowman 2003). A value of 0.0

suggests equal use of all zones whereas a value of 1.0 suggests use

of only one zone, with the formula for calculation of zone use being:

SPI = (S
|

f0 - fe I) / [2 (N - fe min)j whereby f0 is the observed fre-

quency in each zone, fe is the expected frequency for each zone and

fe min the expected frequency in the smallest zone.

Behavioural data were normally distributed and a two-way ANO-

VA was used to determine differences between wild and captive

time budgets, and for analysing differences between the animals'

behaviour at different sample points. Analysis of enclosure zone use

(non-parametric data) was conducted with one-factor Chi-squared

tests. Wild/captive activity comparisons were analysed using tabu-

lated behavioural data published by Owens (1970) from a group of

free-living sitatunga.

100%

I 90%
0)

£ a so%

Young male Old male Juvenile Female 1 Female 2 Female 3 Female 4 Females

Animal

Figure 1. Total time spent by individual sitatunga at Cricket St Thomas Wildlife Park in

two main classes of zone in the enclosure. Black = all biologically-relevant zones; white

= all other zones.

It would be interesting to investigate further any social or hierar-

chical influences that were reducing the time the young male was

able to spend in areas that were preferentially frequented by the

other antelope. A modified SPI analysis for each demographic pro-

vides the following results; for the adult male sitatunga SPI = 0.64;

for the young male = 0.74; and for female sitatunga SPI = 0.59. For

the group as a whole, an SPI value of 0.61 was calculated for zone

usage for the entire observation period. A one factor Chi-squared

analysis was also used to analyse the number of behaviours per-

formed in either category of zone and this showed there to be a

significant difference in the total number of behaviours recorded

between the different zones (x
2

[i]= 104.11, p<0.05). Similar analyses

were conducted for three key behaviours (standing, sitting and feed-

ing), and sitting and eating behaviours were found to be performed

for significantly different amounts of time between natural and arti-

ficial zones (x
2

[i]
= 609.64, p<0.05; x

2

[i]= 143.18, p<0.05) respectively.

Results

Analysis of time spent by each animal in the different zones showed

an overall preference to spend time in the more biologically-relevant

areas of the exhibit. In total, 27.5% of the enclosure falls into biologi-

cally-relevant areas (zones 3, 4, 5, 6, 7 and 11) and 54% of the total

study time showed animals to be in these zones. A one-factor Chi-

squared analysis confirmed a significant difference between zone

uses for the group as a whole; x
2

[i] =86.9, p< 0.005.

All sitatunga appeared to favour zone 7, the "river bank" area

with long grass and reeds (Table 3). The male animals also spent

more time in the house than the females. The juvenile spent more

time out on the short grass areas than the rest of the herd. No ani-

mals were seen to use zone 8, the waterfall at the start of the exhib-

it. Figure 1 shows the total time (as a % of the overall observation

period) that each individual spent in the biologically-relevant zones.

^ 100%

£ 90%

80%

'ey 70%

!£ 60%

| 50%

i 40%

s 30%

1 20%

J 10%

| 0%
female male female male female male

morning midday afternoon

Animal and observation period

Figure 2. Daily activity pattern of both female and male sitatunga over an average day

of the study period. Black ^standing; grey = sitting / ruminating; dashed black = feeding;

white = other state behaviour. Sitting has been grouped with ruminating as this the

common position that this behaviour was observed in.

Biologically-relevant Zones Other Zones

Zone 3 Zone 4 Zone 5 Zone 6 Zone 7 Zone 11 Zone 1 Zone 2 Zone 8 Zone 9 Zone 10

Young male 0 10 4 38 860 10 24 0 0 298 1776

Old male 8 4 2 42 1482 10 4 224 0 272 972

Juvenile 24 94 0 120 1270 6 74 0 0 1228 204

Female 1 28 16 22 138 1662 0 146 134 0 508 366

Female 2 18 8 0 72 1522 0 32 306 0 232 830

Female 3 22 4 4 80 1678 2 40 48 0 358 784

Female 4 0 8 56 142 1360 0 284 0 0 336 834

Female 5 0 118 4 180 1256 30 102 10 0 780 540

Table 3. Time (in minutes) each individual sitatunga spent in each zone of the enclosure for the total duration of the study. See Table 1 for a description of each zone.
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Figure 2 shows fluidity in behaviour across the observation peri-

od for the group of sitatunga, as well any differences in behavioural

performance between the sexes. Inferential analysis shows there to

be a significant difference between gender and time spent sitting

(F[i]=182.28, p=0.005) as well as for time of day when animals were

observed sat down (Ff2]=474.04, p=0.002). Likewise, the same differ-

ences but analysing when animals chose to feed, also showed a sig-

nificant relationship (F[ij=18.30, p=0.051 and F
f2i=49.61, p=0.02).

Figure 3 provides an interesting comparison between wild and

captive sitatunga behaviour as it shows only limited similarity in the

activity budget of both populations, especially concerning time spent

performing "other’' behaviours in the morning and at midday. Devia-

tions away from the natural activity pattern of the wild individuals

are seen in this captive group concerning performance of key ap-

petitive behaviours such as feeding and sitting/ruminating. Wild

animals stand more in the middle of the day and feed more in the

morning.

Figure 3. Overall group time budget for the whole observation period, split into the

three specific sampling times. Black ^standing; grey = sitting / ruminating; dashed black

= feeding; white = other state behaviour. Wild data adapted from that published in

Owens (1970), page 186, table 3. Data used is from time periods that compared to

those used for the captive study. Sitting is compared to Owens' category of "lying" and

other (for both captive and wild) includes other normal state behaviours (e.g. groom-

ing, locomotion).

Wild sitatunga also display 1% of their time lying / sitting / rumi-

nating in the afternoon whereas this behaviour comprises a substan-

tial proportion of the activity budget of the captive animals (41%).

Captive sitatunga show a less defined rhythm to their feeding activi-

ties, which is perhaps to be expected in an artificially managed envi-

ronment. A two-way ANOVA shows there to be a significant differ-

ence for time spent feeding between each population at each time

of day (F[1]=29.56, p=0.032).

Numerous authors expand on the sitatunga's preference for long

grass and reedy habitats. The biologically-relevant areas of the en-

closure included only one section (zone 7) of long grasses/reeds;

11% of the total space available to the sitatunga. Figure 4 shows the

time each sitatunga spent this zone; there is no significant difference

between individuals in time spent in zone 7 (x
2

m= 7.57; p<0.05), so

Figure 4. Comparison of time spent in a biologically-important area, long grass and reeds

(black section) compared to time spent in the rest of the enclosure (white section).

it could assumed to be equally important to all animals in this herd.

The importance of "natural" zones for performance of behaviours

with a strong motivation is illustrated by Figure 5.

Figure 5. Performance of key appetitive behaviours by individual sitatunga in biologi-

cally-relevant and other enclosure zones. Black = sitting/ruminating (biologically-

relevant zones); Grey = feeding/foraging (biologically-relevant zones); White =

sitting/ruminating (other zones); Dashed line = feeding/foraging (other zones).

Discussion

The results show that various aspects of the sitatungas' behaviour

are significantly different between biologically-relevant and other

enclosure zones. The frequencies of three behaviours (standing,

sitting/ruminating and feeding) were significantly different from

morning to afternoon, thereby reflecting, in part, natural activity

patterns. The modified SPI value (0.61) indicates that the sitatunga

were not utilising all aspects of their enclosure equally and the sita-

tungas' significant preference for reedy / long-grassy areas is sup-

ported by the inferential analysis and by Figure 5. The herd spent

54% of its time in only 28% of the enclosure, suggesting that im-

provements to the remaining 72% encourage more widespread

movement and a fuller development of a daily activity pattern,

The increased usage of these natural areas may also be ex-

plained by the behavioural ecology of the sitatunga and the need to

conduct important state behaviours (feeding, resting, standing) in an

environment most suitable for their performance. Comparing with

observations from Owen (1970), Kingdon (1982), Games (1983),

Estes (1991), Starin (2000) and Robinchaud (2011), sitatunga were

observed to remain sedentary in reedy, or long-grass beds during

the day; such habitats were reflected in this captive setting and the

same behaviours were observed within them. Important functions

of long-grass for sitatunga in the wild include places to hide from

predators, provision of shelter from high temperature and sites for

rumination (Estes 1991; Wronski et al. 2006). Figure 4 shows the

relative proportion of time spent in a relatively small area of the

enclosure (11%) compared to all of the other space available to the

animals. Whilst not all behavioural functions are required per se in a

captive setting, it is important to provide animals with the choice to

perform behaviour that has a high motivational value (Duncan

1998); such activities can be reliable indicators of positive welfare

(de Jonge et al. 2008). It is recommended that sitatunga be given

more areas of long grass and reeds to facilitate their apparent pref-

erence for this type of "habitat".

None of the sitatunga in this study displayed any form of stereo-

typy, such as repetitive oral movements or pacing (Bashaw et al.

2001; Baxter and Plowman, 2001). As stated by Mason and Mendl

(1997) many stereotypical behaviour patterns are linked to an inabil-

ity to perform appetitive foraging behaviours. Sitatunga are both

grazers and browsers, and as a result spend long periods of time

foraging for specific plant materiel (Estes 1991; Skinner and Chimim-

ba 2006). As no stereotypies were displayed it can be deduced that

the area of, and resources within, the natural zones were currently
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sufficient to prevent the need for the display of unnatural behav-

iours. To further support the high-quality aspects of this enclosure

the sample population had no access to enrichment devices or rou-

tines, consequently the need to substitute "add-in" enrichment

items is not always required in biologically-relevant, species-specific

enclosures that provide sufficient enrichment in their own right.

Robinchaud's (2011) review of several data on sitatunga activity

states that the majority of a daily time budget is spent within a wet-

land habitat, and only a fraction of this is spent on drier areas of

grassland. The same author explains that open grassland is the sita-

tunga's least preferred habitat, but that animals will also avoid ex-

cessively boggy areas, presumably because these are open and de-

void of cover. Interestingly, to support this, the adult male studied

here spent less than 0.3% of the observation period in the open

marshy zone, and the adult females showed a slight preference (out

of all fully aquatic areas) for zone 6, the shallow pool. Plate 3 illus-

trates the social and investigative behaviour that can take place

when sitatunga are provided with an expanse of shallow wetland

areas with a zoo enclosure.

Plate 3. Example of shallow wetlands recreated in captivity that provides an opportuni-

ty for increased behavioural diversity (author's photograph, 2011).

The structure and type of wetland habitat created for sitatunga

will influence time spent within it, as well as how animals divide

their time between other areas of their exhibit and the range of

behaviour they perform. As highlighted by Figure 2, captive sitatun-

ga changed their rates of feeding, resting and moving throughout

the day but in an apparently different manner to that observed in

the wild (Figure 3). There may be a simple explanation for the differ-

ences between resting and standing behaviour as illustrated by Fig-

ure 3. Wild sitatunga have been observed to stand motionless in

reeds during midday (Owen 1970; Kingdon 1982; Robinchaud 2011);

if such "habitat" is not readily available in captivity, the animals may

be expressing the need to be motionless but in a different form.

Therefore the function of the behaviour carries the same important

need for the animal. However, removal of any threat of predation

could also result in more time spent relaxed across a range of the

day that would not be seen in wild animals. Similarly, climatic differ-

ences may also account for altered activity patterns in zoo housed

animals in temperate parts of the world. Differences in when feed-

ing occurs (again illustrated in Figure 3) could be used as evidence

for a change in how and when captive sitatunga are fed; provision of

forage in the early morning and late in the afternoon may allow for a

more natural activity pattern to emerge. However, the logistics of

keeper routines and the climate that zoo animals are kept in may

not always allow this to be practicable.

Several areas of the exhibit are poorly utilised by the sitatunga,

and one zone is not used at all (see Table 3); consequently, work

could be undertaken to improve the nature of these zones to the

exhibit as a whole as well as further investigate the reasons for their

avoidance by the antelope. The three waterfalls in the exhibit are

not well-used and such a feature is not evident in the sitatunga's

natural habitat. Re-modelling of defunct areas and more space given

over to favoured areas (e.g. the shallow pools and reed beds) would

help increase the use of more areas of the exhibit.

Social pressures on individuals within the group could also affect

type and duration of behaviour performed, as well as the area of the

enclosure the animal is able to frequent. The distinct difference

(Figures 2 and 5) between the time spent in biologically-relevant

zones by the young male and the rest of the group could be suggest-

ed of an individual being forcibly pushed out of the herd and into

the remaining, unoccupied areas of the enclosure. Popp (1982) be-

moans the lack of information available on sitatunga, in both a wild

and captive state, and expresses his wish that captive research will

lead into better husbandry and informed management of this spe-

cies. Consequently, the importance of group dynamics, hierarchy

and sociality is hard to infer. Thirty years later, published infor-

mation is still scarce and as such it is hoped that this paper adds to a

gap in our knowledge of more advanced Tragelaphus antelope hus-

bandry.

Conclusions

1. The non-random distribution of sitatunga around the enclosure

demonstrates a preference for specific areas that the animals

consider important to them.

2. Sitatunga show a daily rhythmic change to activity that in parts

is reminiscent of wild animals but that can also show deviation

away from what is considered a natural time budget.

3. The welfare of the sitatunga appears good with no display of

stereotypic, unwanted behaviours.

4. Feeding/foraging, resting/rumination and standing appear the

most biologically-important behaviour shown by captive sitatun-

ga, characteristics that mirror the behaviours recorded in wild

animals. Behaviours that occupy the majority of the animal's

time should be enabled in its enclosure both at the "normal"

time of day and in a habitat that allows the behaviour to be

performed in its entirety.

5. Provision of more tall grass and reedy areas in sitatunga exhibits

would be beneficial to behavioural performance, sitatunga wel-

fare and the development of a more interesting and relevant

public exhibit.

6. Reduction in the area of short grass provided, or the use of short

grass pathways through areas of taller vegetation could help

replicate the type of environment selected by wild sitatunga.
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Abstract

Bacterial and ciliate assemblages associated with aquarium corals displaying white syndrome (WS)

and brown jelly syndrome (BJS) were investigated. Healthy (n = 10) and diseased corals (WS n = 18;

BJS n = 3) were analysed for 16S rRNA gene bacterial diversity, total bacterial abundance and vibrio-

specific 16S rRNA gene abundance. This was conducted alongside analysis of 18S rRNA gene sequenc-

ing targeting ciliates, a group of organisms largely overlooked for their potential as causal agents of

coral disease. Despite significant differences between healthy and diseased corals in their 16S rRNA

gene bacterial diversity, total bacterial abundance and vibrio-specific rRNA gene abundance, no domi-

nant bacterial ribotypes were found consistently within the diseased samples. In contrast, one ciliate

morphotype, named Morph 3 in this study (GenBank Accession Numbers JF831358 for the ciliate

isolated from WS and JF831359 for the ciliate isolated from BJS) was observed to burrow into and

underneath the coral tissues at the disease lesion in both disease types and contained algal endosym-

bionts indicative of coral tissue ingestion. This ciliate was observed in larger numbers in BJS compared

to WS, giving rise to the characteristic jelly like substance in BJS. Morph 3 varied by only 1 bp over 549

bp from the recently described Morph 1 ciliate (GenBank Accession No. JN626268), which has been

shown to be present in field samples of WS and Brown Band Disease (BrB) in the Indo-Pacific. This

result indicates a close relationship between these aquarium diseases and those observed in the wild.

Introduction

The aquarium industry is a significant global enterprise worth

$200-300 million annually (Wabnitz et ol. 2003), with an esti-

mated 11-12 million pieces of coral traded annually (Vincent

2006). High mortality rates of corals in aquaria are therefore a

major concern (Sweet et ol. 2011a). While many cases of coral

disease in aquaria are non specific and likely due to deterio-

rating water quality rather than primary pathogen infections

(Borneman and Lowrie 2001; Sweet et ol. 2011a), there are a

number of specific diseases with clearly defined signs

(reviewed by Sweet et al. 2011a). These include brown jelly

syndrome (BJS) and Red Slime Algae which have no reported

parallels in nature, and white syndrome (WS), which has similar

macroscopic signs to the disease of the same name in the wild

(Fig 1). As in the wild, WS within aquariums may progress at

different rates (reported to be 0.1 cm per day to 10 cm per hr).

The coral diseases with similar macroscopic signs but faster

rates of lesion progression are variously known as Rapid Tissue

Necrosis, Shut Down Reaction, and Stress Related Necrosis

(Hormansdorfer et ol. 2000; Borneman and Lowrie 2001; Luna

et al. 2007; Luna et al. 2010; Sweet et ol. 2011a). The slower

rates of progression observed in WS within aquaria are similar

to those reported for WS in the field (Ainsworth et ol. 2007;

Andersen et al. 2010; Luna et ol. 2010; Work and Aeby 2011).

WS is defined as progressive, full-thickness tissue loss from

the coral with a sharp demarcation between the apparently

healthy tissue and the denuded white skeleton. Willis et ol.

(2004) defined the term WS to encompass any disease with

unknown etiology which showed these particular pathological

field signs. Although several studies have implicated specific

bacterial pathogens to be the cause of WS (Sussman et al.

2008; Luna et ol. 2010), there has been no evidence of a signifi-

cant population of bacteria at the disease lesion interface or

classical signs of bacterial-induced necrosis (Ainsworth et al.

2007; Work and Aeby 2011). Recently, a group of organisms

known as ciliates have been shown to be present at the disease

lesion interface of WS. These ciliates were shown to ingest the

coral tissue and it was suggested that they are responsible for

the pathology of these diseases (Sweet and Bythell 2012). This

ciliate community was also shown to be similar to that of

Brown Band Disease (BrB), another common disease found to

occur on the Great Barrier Reef (Sweet and Bythell 2012).

BJS in aquarium corals has been strongly linked to a ciliate,

commonly referred to as Helicostomo nonatum (Hummon

2008), which has only recently been assigned to the same ge-

nus as that of two ciliates in WS and BrB, Philoster (Sweet et ol.

2011a). This study therefore describes both the ciliate and

bacterial communities of WS and BJS in aquarium corals using

culture-independent (18S and 16S rRNA gene) techniques.

Diseased samples were taken opportunistically as they arose in

the aquariums, and compared to non-diseased samples collect-

ed at the same time from the same aquarium.

Methods

Sample collection

Corals displaying signs of WS were collected from three loca-

tions; Horniman Museum and Gardens aquarium in London,

the Zoological Society of London (ZSL) aquarium and our own

aquarium at Newcastle University. These diseased samples
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were compared to apparently healthy corals from the same aquari-

um systems. Healthy samples (n = 10) and diseased samples (n = 18)

of six different species (Table 1) were collected from the various

aquariums (Fig 1, Table 1). A further three samples of coral exhib-

iting symptoms of brown jelly syndrome (Fig If), were acquired from

ZSL and The Deep (Hull, UK) for analysis of the ciliates previously

proposed as the causal agent of this disease. Coral samples were

photographed before removal from the aquarium then placed in 50

ml falcon tubes with 100% EtOH and stored at -20°C until extraction

and further analysis. Samples were centrifuged at 20,000 rpm for 20

min to concentrate the tissue slurry, 1000 pi of which was subse-

quently used for DNA extraction using QIAGEN DNeasy Blood and

Tissue kits (Sweet et al. 2011b) with an added step to concentrate

the lysate using a vacuum centrifuge for 2 h at 24° C.

Figure 1 . Sub set of samples exhibiting white syndrome (WS) and the dominant ciliates

associated with the lesion interface; (a) wild Acropora muricata, from Heron Island on

the Great Barrier Reef, (b) Acropora sp. from aquarium at Zoological Society of London

(ZSL), (c) Acropora sp. showing brown jelly syndrome (BJS), (d) Philaster sp. found in

corals exhibiting white syndrome at Heron Island (e) Philaster sp. found in corals exhib-

iting white syndrome in aquarium; (f) Philaster sp. found in corals exhibiting brown jelly

syndrome in aquarium [note: these protozoa were previously miss-identified as Heli-

costoma notatum ]. Sequence data provided analysis to genus level with phylogenetic

analysis showing differences and similarities between these sequences (Figure 6).

Morphologically these ciliates can be identified by a slender body, 60-200 x 20-60 pm
in vivo, variable in outline from cylindrical to fusiform; anteriorly narrowed and con-

spicuously pointed. Length of the buccal field is ~ 40-50% of the body, cytostome is

conspicuous and deeply sunk. Macronucleus band-like, twisted and positioned central-

ly along cell median with several micronuclei attached to it. One small, terminally

located contractile vacuole. Approximately 50 somatic kineties composed of monoki-

netids, with cilia c. 7-10 m long; oral cilia c. 10-15 mm long; caudal cilium 12-15 mm in

length. Paroral membrane L-shaped, on right of oral cavity, slightly oblique to main

body axis. Locomotion by fast, spiral swimming while rotating irregularly about its main

body axis, motionless for short periods when feeding. White Scale bars (a-c) = 1cm.

Black Scale bars (d-f) = 10pm.

Bacterial diversity, DNA extraction, amplification and DGGE analy-

sis

Bacterial partial 16S rRNA gene fragments were amplified using

standard prokaryotic primers (357F) (5'-CCTACGGGAGGCAGCAG-3')

and (518R) (5'-ATTACCGCGGCTGCTGG-3'). The GC-rich sequence 5'-

CGC CCG CCG CGC GCG GCG GGC GGG GCG GGG GCA GCA CGG GGG
G-3' was incorporated in the forward primer 357 at its 5' end to

prevent complete disassociation of the DNA fragments during DGGE.

Thirty PCR cycles were performed at 94°C for 30 seconds, 53°C for

30 seconds and 72°C for 1 min and a final extension at 72°C for 10

min (Sanchez et al. 2007). Three independent 10 pi PCR reactions

were used, each containing 1.5 mM MgCI 2 ,
0.2 mM dNTP

(PROMEGA), bovine serum albumin (BSA, 400 ng pi
1

), 0.5 mM of

both the forward and reverse primers, 2.5 U of Taq DNA polymerase

(QBiogene), incubation buffer, and 20 ng of template DNA (Siboni et

al. 2007). These replicate PCR's for each sample were then com-

bined and cleaned using QIAGEN QIAquick PCR purification kits,

reducing the final volume to 15 pi in Sigma molecular grade H 20. All

reactions were performed using a Hybraid PCR Express thermal cycler.

PCR products were verified by agarose gel electrophoresis (1.6%

Sample

Number

Species Location Health

status

Rate of tissue

loss (mm 2/
day)

1 Acropora puichra HM Healthy NA

2 Acropora formosa HM Healthy NA

3 Acropora sp HM Healthy NA

4 Acropora sp ZSL Healthy NA

5 Pocilliopora damicornis NU Healthy NA

6 Pocilliopora damicornis NU Healthy NA

7 Acropora formosa NU Healthy NA

8 Acropora formosa NU Healthy NA

9 Pocilliopora damicornis HM Healthy NA

10 Pocilliopora damicornis HM Healthy NA

11 Acropora sp HM WS 1

0.2

12 Acropora sp HM WS 1

0.2

13 Seriatopora hystrix HM WS 2
0.2

14 Montipora capricornis HM WS 3

0.5

15 Pocilliopora damicornis HM WS 1

1.6

16 Acropora sp ZSL WS 1

10

17 Pocilliopora damicornis ZSL WS 1

10

18 Euphyllia yaeyamnmesis ZSL WS 1

10

19 Pocilliopora damicornis NU WS 1

10

20 Pocilliopora damicornis NU WS 1

1.9

21 Acropora sp ZSL WS 1

10

22 Acropora sp ZSL WS 1

10

23 Acropora sp ZSL WS 1

10

24 Acropora sp ZSL WS 1

10

25 Acropora sp ZSL WS 1

11

26 Acropora sp NU WS 1

16

27 Acropora formosa NU WS 1

10

28 Hydnophora rigida HM WS 1
28

29 Acropora sp ZSL BJS 20

30 Acropora sp Deep BJS 15

31 Acropora sp Deep BJS 20

2WS starting at the extremities;
2WS starting along the branch;

3
l/VS patchy distribution

Table 1 . Sample set illustrating species and location utilised in this study, health status

relates to described status of coral at time of samples. Healthy represent apparently

healthy specimens, WS represent white syndrome disease signs, BJS brown jelly syn-

drome HM = Horniman Museum; ZSL = Zoological society of London; NU = Newcastle

University, Deep = The Deep in Hull. Rates of tissue loss are estimates by personal

observations in tank systems prior to transportation up to Newcastle for analysis and

may not be accurate. Pers. obs. at ZSL showed an average advance rate of the tissue

lesion of 10 mm 2
day

1
from the base, until ~10 cm from the tip then the rate would be

accelerated and the coral would appear to 'shut down' and die off overnight ~100mm 2

(w/v) agarose) with ethidium bromide staining and visualized using a

UV transilluminator.

DGGE was performed using the D-Code universal mutation detec-

tion system (Bio-Rad). Bacterial PCR products were resolved on 10 %
(w/v) polyacrylamide gels that contained a 30-60 % denaturant

gradient for 13 h at 60 °C and a constant voltage of 50 V. Gels were

stained with a concentrated solution of 9 pi Sybr® Gold (Sigma) in 50

pi of IX TAE poured directly onto the gel surface, covered and left in

the dark for 20 min then further washed in 500 ml IX TAE for 30 min

and visualized using a UV transilluminator. Bacterial operational

taxonomic units (OTUs), were defined from DGGE band-matching

analysis using BioNumerics 3.5 (Applied Maths BVBA) following

methods described by Guppy and Bythell (2006). Standard internal

marker lanes were used to allow for gel-to-gel comparisons. Toler-

ance and optimisation for band-matching was set at 1%. OTUs of

interest (those which explained the greatest differences/similarities

between samples), were identified by sequence analysis. Bands

were excised from DGGE gels, left overnight in Sigma molecular

grade water, vacuum centrifuged, re-amplified with the appropriate

primer set, labelled using Big Dye (Applied Biosystems) transfor-

mation sequence kits and sent to Genevision (Newcastle University,

UK) for sequencing.

Ciliate diversity, DNA extraction, amplification and DGGE analysis

Single cell isolates

Corals were viewed under a binocular microscope and single cell

isolates of ciliate morphotypes were sampled using a 10 pi pipette

and stored in 1.5 ml micro-centrifuge tubes containing 100 pi EtOH

at -20°C. DNA was extracted from the ethanol-fixed single isolates

following a modified Chelex Extraction (Walsh et al. 1991). The sam-
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pies were centrifuged for 2 min at 20,000 g and washed 3 times in

sigma water with a centrifuge step between each wash. After the

last wash 50 pi of a 5 % Chelex 100 (sigma) solution and 15 pi of

proteinase K (20 mg/ml) were added to the cell isolate. Samples

were incubated overnight in a water bath at 56°C, vortexed for 10

sec, boiled in a 100°C water bath for 10 min, vortexed again for 10-

20 sec, and finally centrifuged for 3 min at 16,000 g; 40 pi of the

supernatant was taken off and put in a fresh micro-centrifuge tube

for use in subsequent PCR reactions.

PCR amplifications of single cell isolates were carried out using 20

pi reaction mixtures (final PCR buffer contained: 1 mM MgCI 2 ,
and 1

U Taq DNA polymerase (QBiogene); 100 pM deoxynucleoside tri-

phosphates; 0.2 pM of each of the forward and reverse primers; and

0.4 % bovine serum albumin, with 20 ng of template DNA. All reac-

tions were performed using a Hybaid PCR Express thermal cycler.

PCR products were analysed by agarose gel electrophoresis [1.6 %
(w/v) agarose] with ethidium bromide staining and visualized using a

UV transilluminator. A nested PCR was used to yield best results,

initially with the universal 18S eukaryotic primer pairs f4617 (5'-

TCCTGCCAGTAGTCATATGC-3'
)

(T. Tengs pers. commun.) and r4618

(5'-TGATCCTTCTGCAGGTTCACCTAC-3') . PCR protocol was; 95°C for 3

min, then 40 cycles of (95°C for 30 sec, 55°C for 30s and 72°C for

90s); followed by 5 min at 72°C (Oldach et al. 2000). Then with inter-

nal ciliate specific primers 384f-cil (5'-YTBGATGGTAGTGTATTGGA-3')

and 1147r-cil (5'-GACGGTATCTRATCG TCTTT-3'). PCR protocol was;

94°C for 5 min, then 30 cycles of (94°C for 45 sec, 55°C for 60 sec

and 72X for 90 sec); followed by 72°C for 7 min (Dopheide et al.

2008). Sequencing was carried out as above using Big Dye sequence

kits and cleaned with an EtOH precipitation method and sequenced

at Genius limited, Newcastle University.

Ciliate DGGE
The same coral samples (as used for the bacterial analysis) were

analysed for their ciliate diversity. Partial ciliate 18S rRNA gene ribo-

types were amplified with a single-round PCR approach (Jousset et

al. 2010). Three replicate PCR reactions were carried out as above

(final PCR buffer contained: 1 mM MgCI 2 ,
and 1 U Taq DNA polymer-

ase (QBiogene); 100 pM dNTPs; 0.2 pM of each of the forward and

reverse primers; and 0.4% BSA, with 20 ng of template DNA. Primers

Cil-f (5'-TGGTAGTGTATTGGACWACCA-3') with a 36-bp GC clamp

(Muyzer and Smalla 1998) attached to the 5' end and CilDGGE-r

(5'-TGAAAACATCCTTGGCAAATG-3') were used. Initial denaturation

was at 94°C for 5 min, followed by 26 cycles of 94°C for 1 min, 52°C

for 1 min, and 72°C for 1 min and a final elongation of 10 min at 72°C

to reduce double bands in the DGGE patterns (Janse et al. 2004).

PCR products of the 3 replicate samples were combined and subject-

ed to DGGE on a D-code system (Bio-Rad) with 0.75 mm thick 6 %
polyacrylamide gels in 1 X TAE buffer. Electrophoresis was carried

out for 16 h at 60°C and 50 V in a linear 32 to 42 % deionised forma-

mide denaturing gradient. Gels were stained as above and OTUs of

interest were similarly identified by band excision and sequencing.

Quantitative PCR (qPCR) targeting Vibrio sp.

Quantitative PCR (qPCR) was conducted on an Engine Opticon® 2

system in order to test whether Vibrio sp. relative 16S rRNA abun-

dance differed between a random subset of the diseased samples (n

= 10) and healthy coral samples (n = 10). qPCR assays were standard-

ised using a serial dilution (10
9 - 10

1
CFU ml

1

; 3 replicates per dilu-

tion) of pure cultures of Vibrio harveyi (NR043165) and run on the

qPCR machine to determine threshold cycles. Vibrio-specific primers

567F (5'-GGCGTAAAGCGCATGCAGGT-3') and 680R (5'-

GAAATTCTACCCCCCTCTACAG-3') (Thompson et al. 2004; Sweet etal.

2010), were used for all samples. qPCR reaction mixtures totalled 25

pi and consisted of 12.5 pi of 2X Quantitect® Sybr® Green 1 super-

mix (Qiagen), 1.25 pi each of 0.5 mM forward and reverse primers,

50 ng DNA and 9.5 pi Sigma molecular grade water. Each set of sam-

ples included a negative control, in which water was substituted for

the DNA sample. qPCR was performed with an initial activation step

of 15 min at 95"C, followed by 39 cycles (94°C for 15 sec, 58°C for 30

sec, primer annealing at 58°C for 30 sec). The fluorescent product

was detected after each extension. Following amplification, melting

temperature analysis of PCR products was performed to determine

the specificity of the PCR. The melting curves were obtained by slow

heating at 0.5°C sec
1
increments from 50 to 90°C, with continuous

fluorescence recording.

Total bacterial abundance

To estimate bacterial abundance, 1000 pi of tissue slurry was filtered

through a 0.22 pm black polycarbonate filter and fixed with 100 pi of

paraformaldehyde until analysis (Fuhrman et al. 2008). These filters

were stained with 100 pi DAPI solution (final concentration 5 pg ml"
3

)
for 10 min, rinsed with Phosphate Buffer Solution (Yu et al. 1995;

Weinbauer et al. 1998; Yamaguchi et al. 2007), and viewed under

epifluorescence microscopy using a DAPI-specific filter set. Counts

on 50 fields of view (FOV), were taken using an automatic cell coun-

ter (Cell C; (Selinummi et al. 2005). The parameters were set to ex-

clude any objects smaller than 0.03 pm2
and anything larger than 0.7

pm 2
. Counts were scaled up to the total area of the filter and calcu-

lated to give total bacterial abundance per volume of tissue on the

diseased corals (cells cm 3

). Total amount of diseased tissue rather

than complete coral nubbin surface area was used to account for the

varying amount of tissue on the diseased samples as this could not

be standardised at time of collection. Counts of n = 3 tissue sub-

samples were taken from each coral and averaged to provide a cell

density per sample.

Statistical analysis

Analysis of Similarity (ANOSIM) tests based on Bray-Curtis similari-

ties (Clarke and Warwick 2001) were used to test for differences in

the bacterial 16S and ciliate 18S rRNA gene DGGE profiles associated

with diseased and healthy corals. A non-metric multidimensional

scaling (MDS) analysis was used to represent each sample type on a

2-D plot (Clarke and Warwick 2001). An analysis of contribution to

similarities (SIMPER) based on DGGE analysis with both relative band

intensity and presence absence was performed to determine which

16S and 18S rRNA gene OTUs best explained dissimilarities among

sample types that were statistically different. The abundance of

bacteria (total bacterial counts) was compared between healthy and

diseased samples with a one-way ANOVA. Data met the assumptions

of normality and equality of variances (Anderson Darling and

Levene's tests respectively). For qPCR a standard curve delineating

threshold (CT) values of V. harveyi against number of V. harveyi (CFU

ml
1

)
in pure cultures gave a standard curve (R

2
= 0.996) allowing

quantification of the assay. Calculations were then based on 1 CFU

relating to a genome copy. One way ANOVA was used to compare

between healthy and diseased samples for Vibrio fold difference.

Results

Significant differences based on profiling of bacterial communities

using DGGE analysis (PERMANOVA, R = 0.494, p = 0.001), were

found between the bacterial 165 rRNA gene diversity of healthy and

diseased coral samples (Fig 2, 3). Within healthy coral samples, there

were no significant differences between the three aquariums where

samples were sourced from, or between species of coral (two-way

crossed ANOSIM, R = 0.29, p = 0.2 and R = 0.187, p = 0.28, respec-

tively). Similarly no significant differences were detected between

diseased samples with different rates of progression and disease

type (WS or BJS) (two-way crossed ANOSIM, R = 0.19, p = 0.09 and R

= 0.22, p = 0.12 respectively, Fig 3a, b).

There was a significant difference in bacterial abundance associ-

ated with healthy versus diseased corals (ANOVA, df = 1, F = 5.15, p

= 0.03), with mean bacterial abundance increasing in diseased corals

(6.1 ± 0.52 (SD) x 10
7
cells cm"

3
), compared to that of healthy sam-

ples (3.5 ± 0.23 (SD) x 10
7
cells cm'

3
)
(Fig 4a). Vibrio abundance also
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Healthy WS BJS FWS

Figure 2. DGGE analysis of bacterial 16S rRNA gene

diversity from healthy and diseased corals. Healthy =

corals showing no signs of distress or symptoms of

disease at time of collection; WS = white syndrome

collected from aquariums, corals showing signs of

some form of tissue necrosis similar to that known

as rapid tissue necrosis or white syndrome. FWS =

field white syndrome from Heron Island as reported

in Sweet and Bythell 2012, used as a reference to

show similarities and differences between those in

aquarium and those in the wild. Arrows indicate

corals symbiotic algae, Symbiodinium sp. Band

numbers (1 - 27 in blue) relates to ribotypes excised

from the cell and sequenced (Table 2). Intermittent

marker lanes (m) allowed gel to gel comparison

using the software BioNumerics.

o

Listeria sp. FM211688{band 12]

o§
0 °
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Figure 3. (a) Multidimensional scaling (MDS) plot

showing differences in 16S rRNA gene bacterial

communities from healthy corals to corals showing

signs of white syndrome (WS) and brown jelly syn-

drome (BJS). (b) shows grouping of samples in

relation to variation in their lesion progression of

the disease (mm per day) (c-h) show 16S rRNA gene

bacterial ribotypes that caused greatest similarities

or differences between sample types (closest rela-

tive and band no in relation to DGGE image [Fig 2]

and closest match on GenBank [Table 2], Size of

bubble depicts intensity of band/ribotype on DGGE

image within individual samples calculated using

BioNumerics.

23 Journal of Zoo and Aquarium Research 1(1) 2013



Microbiol communities in oquorium corals

a

Health status

Health status

Figure 4. (a) Total bacterial abundance of healthy and diseased corals within aquari-

um, acquired from filtered tissue slurry and DAPI staining, counts made using the

automatic cell counter Cell C; (b) total relative Vibrio sp. per cm 3
of tissue present

within healthy and diseased coral samples, acquired from quantitative PCR (see

materials and methods) for ten replicate qPCR runs for both healthy and diseased

samples. Error bars represent 5E for collective mean.

increased significantly (ANOVA, df = 1, F = 4.46, p = 0.043) in dis-

eased coral compared to healthy (1.5 ± 0.48 (SD) x 10
6
cell cm'

3
and

5.3 ± 0.37 (SD) x 10' cells cm 3
respectively) (Fig 4b).

There were several bacterial ribotypes (a Pseudomonas sp. Gen-

Bank closest relative HQ455027 and a Listeria sp. GenBank closest

relative FM211688) which reduced in dominance in diseased tissues

compared to healthy samples (Fig 2 and 3c,d). Whilst two other ribo-

types were completely absent from diseased samples, including a

Pelobacter sp. (GenBank closest relative CP000482) and a Acidiobac-

terium sp. (GenBank closest relative EF076073) (Table 2). Several

bacterial ribotypes increased in relative 16S rRNA gene abundance in

some diseased samples including ribotypes similar to a Pseudovibrio

sp. (GenBank closest relative GU826592), a Cyanobacterium sp.

(GenBank closest relative HQ230344), a Arcobacter sp. (GenBank

closest relative HM584709) and two Vibrio sp. (GenBank closest

relative HM771342 and FM954972; Fig 3e and f respectively). Three

bacterial ribotypes were absent from healthy specimens and domi-

nant in some diseased samples, including a Clostridium sp. (GenBank

closest relative CP002118; Fig 3g), a Arthrobacter sp. (GenBank clos-

est relative GU131497; Fig 3h) and a Microbacterium sp. (GenBank

closest relative EU249984) (Fig 2 and 3, Table 2). However, there

were no bacterial ribotypes consistently present in all cases of dis-

ease (Fig 2).

Ciliates were only observed on diseased tissues and completely

absent in healthy corals. This observation was supported by 18S

rRNA gene analysis which showed a diversity of ciliate ribotypes in

diseased samples and produced no PCR product in healthy samples

(Fig 5). At least 7 ciliate ribotypes were consistently present in all

diseased corals. These included ribotypes similar to a Pseudokero-

nopsis sp. (GenBank closest relative HQ228545), a Aspidisca sp.

(GenBank closest relative AF305625), a Philaster sp. (GenBank clos-

est relative FJ648350), a Glauconema sp. (GQ214552), a Paradisco-

cephalus sp. (GenBank closest relative EU684746), a Licnophora sp.

DGGE band ID Species ID Closest relative (% match)

Abundance (band intensity) Average dissimilarity 69.95%

Healthy Diseased Contribution % Accumulative contribution (%)

10 Pseudomonas sp. HQ455027 (100%) 4.13 0.38 8.28 8.28

12 Listeria sp. FM211688 (100%) 3.48 0.28 7.15 15.43

26 Pseudovibrio sp. GU826592 (99%) 0.35 3.25 6.25 21.68

23 Cyanobacterium HM535495 (99%) 0.52 2.21 4.07 25.75

NA Unknown NA 1.27 1.43 3.77 29.51

2 Pelobacter sp. CP000482 (99%) 1.77 0 3.74 33.25

4 Oscilla toriales cyanobacterium GU967420 (95%) 2.47 2.41 3.58 36.83

16 cyanobacterium EF577468 (96%) 1.3 1.29 3.32 40.15

25 Arcobacter sp. HM584709 (96%) 0.78 1.41 3.31 43.47

24 Clostridium sp. AY712079 (97%) 1.99 3.43 3.29 46.76

15 Vibrio harveyi HM771342 (96%) 0.67 1.43 3.28 50.04

3 Vibrio splendidus FM954972 (100%) 0.81 1.31 3.23 53.27

18 Clostridium sp. CP002118 (96%) 0 1.49 3.07 56.34

11 Campylobacter sp. HM462470 (97%) 2.2 1.54 2.39 58.73

NA Unknown NA 0.58 0.94 2.11 60.84

1 Stenotrophomonas sp. HM153430 (97%) 0.9 0.78 2.07 62.91

9 Acidobacterium sp. EF076073 (100%) 0.98 0 2.05 64.96

6 Chloroflexi sp. DQ330160 (98%) 0.72 0.39 1.96 66.91

NA Unknown NA 0.91 0.69 1.84 68.75

NA Unknown NA 0.05 0.9 1.83 70.58

27 Marinobacter sp. HM141532 (98%) 0.92 0.77 1.82 72.4

13 Pectobacterium sp. DQ123811 (99%) 0.43 0.69 1.81 74.21

NA Unknown NA 0.38 0.77 1.67 75.88

22 Verrucomicrobiae sp. FN646737 (93%) 0.53 0.52 1.67 77.55

21 Arthrobacter sp. GU131497 (96%) 0 0.78 1.64 79.18

19 Microbacterium sp. EU249984 (98%) 0 0.79 1.64 80.82

8 Uncultured bacterium sp. GU118719 (100%) 0.67 0.26 1.6 82.42

NA Unknown NA 0.13 0.77 1.57 83.99

7 Gamma proteobacterium EF215814 (100%) 0.37 0.42 1.52 85.51

17 Arcobacter sp. FR675876 (100%) 0.19 0.63 1.51 87.02

NA Unknown NA 0.15 0.69 1.5 88.52

NA Unknown NA 0.45 0.43 1.47 89.99

5 Arcobacter sp. HQ317346 (96%) 0.49 0.25 1.32 91.31

Table 2. Closest match (GenBank ID) and identification of bacterial species from healthy and diseased corals in aquarium, sequenced from denaturing gradient gel electrophoresis

(DGGE) bands. Out of a total of 44 operational taxonomic units (OTUs), 33 are represented in this table which account for 91.3% of variance between sample types. Relative abun-

dance measurements are based on BioNumerics presence/absence and band intensity data
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Healthy WS BJS FWS
Figure 5. DGGE analysis of ciliate 18S rRNA gene

diversity from healthy and diseased corals. Healthy =

corals showing no signs of distress or symptoms of

disease at time of collection; WS = white syndrome

from aquarium, corals showing signs of some form

of tissue necrosis similar to that known as rapid

tissue necrosis or white syndrome. FWS = Field

white syndrome from Heron Island as reported in

Sweet and Bythell (2012), used as a reference to

show similarities and differences between those in

aquarium and those in the wild. Band numbers (1-9

in blue) relate to ribotypes excised from the cell and

sequenced. 1 = Pseudocarnopsis sp. (HQ228545); 2 =

Aspidisca steini (AF305625), 3 = Philaster sp.

(FJ648350), 4 = Hanseniaspara sp. (JF306024), 5 =

Glauconema sp. (GQ214552), 6 = Parasiscocephalus

elongates, 7 = Holostica diadementa (DQ059583), 8

= Licnophora lyngbycola (DQ445606) and 9 = Chro-

modorina germonica (AY854207).

(GenBank closest relative DQ.445606) and a Holosticha sp. (GenBank

closest relative DQ059583). All morphotypes detected visually and

identified by sequencing single cell isolates were also detected by

DGGE analysis of the ciliate community. Five of the seven ribotypes

identified in WS samples matched (with >99% similarity) to those

recently identified in WS in the wild (Sweet and Bythell 2012, Fig 5).

These included the Pseudokeronopsis sp., Aspidisca sp., Philaster

sp., Glauconema sp. and Holosticha sp. One DGGE band in the aquar-

ium samples (Band 4 in Fig 5) was identified as a fungus, Han-

seniaspara sp. (GenBank closest relative JF306024), and another

(Band 9 in Fig 5) was identified as a nematode similar to Chromodori-

na sp. (GenBank closest relative AY854207), indicative of a limited

amount of non-specific PCR amplification with these primers.

Only one ciliate type was observed to ingest coral tissue, as evi-

dent from the presence of coral symbiotic algae within the cell (Fig 1

d-f). This was commonly the most abundant ciliate observed and

was found consistently in all WS and BJS samples. It was identified

from single cell isolates as 99% similar over 549 base pairs to Philas-

ter digitformis (FJ648350) and was morphologically similar to Por-

postoma notatum (=notate ), (Song 2000), P. guamense (Lobban et

al. 2011) and Helicostoma notatum (the ciliate associated with BJS

reviewed in Sweet et al. 2011a). However, single cell sequences

obtained from this morphotype in aquarium disease samples were

distinct (92% sequence similarity over 549 bp) from the recently

submitted sequence for Porpostoma notatum (GenBank closest rela-

tive HM236335). Sequence data is currently lacking for the only oth-

er Porpostoma species reported, Porpostoma guamense so compari-

son with this species on a genetic level could not be done. Two
unique GenBank accession numbers have been submitted for the

morphotype in this study, JF831358 for ciliates acquired from corals

with WS and JF831359 for ciliates associated with BJS. These WS and

BJS sequences were closely related (>99% over 549 bp) to ribotypes

recently identified in wild corals with WS (GenBank closest relative

HQ204545) and Brown Band Disease (GenBank closest relative

HQ204546), varying by only 2 bp over 549 (Sweet and Bythell 2012;

Fig 6). Thus, the evidence strongly suggests that this same ciliate is

the dominant member of WS-associated communities in both aquar-

ium and wild samples and is also a dominant member of BJS and BrB

communities (this study and Sweet and Bythell 2012).

Discussion

There was a significant difference between bacterial 16S rRNA gene

diversity of healthy and diseased coral samples and a general in-

crease in bacterial load within diseased samples, a result consistent

with previous findings (Luna et al. 2007; Sussman et al. 2008; Ains-

worth et al. 2010; Luna et al. 2010). In previous studies specific bac-

teria have been proposed as single causal agents to certain coral

diseases such as WS. The most commonly referred to are from the

genus Vibrio (Luna et al. 2007; Sussman et al. 2008; Luna et al.

2010). However, in this study there were no single dominant bacterial

ribotypes consistently present within all diseased samples. This sup-

ports the report by Willis et al. (2004), in which they defined WS as a

group of unidentified diseases occurring in I ndo-Pacific corals with

unknown etiology. Two Vibrio sp. and a Pseudovibrio sp. were found

to increase in abundance within diseased specimens, making them

potential candidates for pathogenesis (Sweet and Bythell 2012).

However, the two Vibrio sp. were also detected in healthy as well as

diseased samples. Several other potential pathogens were also

shown to increase in relative 16S rRNA gene abundance in individual

diseased samples, including ribotypes similar to; a Cyanobacteria sp.,

a Arcobacter sp., a Clostridium sp., a Arthrobacter sp. and a Micro-

bacterium sp., however none of these specific bacteria were consist-

ently detected in all diseased samples.

If WS was simply a case of a specific single bacterial pathogen and

providing that the samples were taken at the same stage of disease

progression, when casual agents would be in high abundance and

high activity, you would expect to see a single dominant ribotype

consistent across all samples exhibiting signs of this disease. It is

therefore likely that WS is caused by an initial systemic infection by

any number of potential bacterial pathogens depending on which

are present when the coral becomes stressed. In addition, it should

be possible to co-localise these bacterial populations with histo-

pathology. There should be an increase in bacterial populations at

the disease lesion interface and/or classic signs of bacterial induced

necrosis, which up to now has not been possible (Ainsworth et al.

2007; Work and Aeby 2011).

In contrast, the consistent presence of the same ciliate, identified

as similar to Philaster digitformis (FJ648350), in all diseased samples

exhibiting signs of WS and those from samples exhibiting BJS, yet

absent in the healthy specimens, suggests that this ciliate is an im-

portant and regularly detectable associate of the disease. Observa-

tions of the ingestion of coral tissues, and presence of coral endo-

symbiotic algae within the ciliate suggests that either these ciliates

are directly involved in pathogenesis or alternatively they are simply

associated with the necrotic tissue of the disease. Regardless, these

ciliates are clearly important in the pathology of these aquarium

diseases (namely the sharp band of denuded skeleton adjacent to

apparently healthy tissue) a result supporting that recently found in

the wild (Sweet and Bythell 2012). The ciliate identified as being

involved in pathogenesis in these aquarium diseases is >99% similar

to ciliates also consistently identified in both WS (HQ204545) and

BrB (HQ204546) in the wild (Sweet and Bythell 2012). Several other

ciliates previously identified in WS and BrB in the wild were also

detected with the aquaria however were not shown to ingest coral

tissues and are likely secondary colonisers. Interestingly, the domi-

nant ciliate of BrB, first identified by Bourne et al. (2008), and also

involved in coral tissue feeding in the wild diseases (Sweet and

Bythell 2012), was absent from the aquarium diseases, suggesting

that it not a necessary component of the WS pathology.

Although disease causation cannot be inferred using a purely

culture independent approach, the observations of histophagy

(Ainsworth et al. 2007; Work and Aeby 2011), together with similari-
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ties of ciliate communities in aquarium and wild corals displaying

similar disease signs has led us to confirm our hypotheses reported

in Sweet and Bythell (2012). In short, either; (i) opportunistic patho-

genic bacterial species such as the widely-reported vibrios are the

primary agents, invading healthy tissues and leading to an impaired

physiological condition which allows ciliate communities to invade

and proliferate at the disease lesion. Or, alternatively (ii) ciliates are

the causal agents and the bacterial agents identified are either non-

specific pathogens infecting the tissues that have been compromised

by ciliate histophagy or are invading the dead and decomposing

tissues at the lesion interface or the skeletal surfaces immediately

adjacent to it. A further hypothesis can also be inferred in that the

corals physiological condition is severely impaired due to either envi-

ronmental stress or for example infection from other organisms not

investigated in this study e.g. viruses (Davy et al. 2006; Marhaver et

al. 2008) and/or fungi (Lecampionalsumard et al. 1995). This in turn

would then allow for secondary invasion scenarios from both bacte-

ria and ciliates.

Since potential bacterial pathogens previously linked to coral

disease have routinely been detected in healthy corals in this and

many other studies (Bourne and Munn 2005; Klaus et al. 2005; Gil-

Agudelo et al. 2007; Arboleda and Reichardt 2009; Kvennefors et al.

2010; Luna et al. 2010), it is essential that studies assessing disease

causation by techniques such as pure culture inoculations, control

for the inadvertent increase in relative abundance of other potential

pathogens. In our own experimental aquarium facilities, the ciliate

type implicated in pathogenesis in this study (JF831359), was preva-

lent in aquarium samples within one week of initial set up (pers.

obs.). Since we show here that these ciliates are absent from non-

diseased coral, we strongly recommend that future studies address-

ing Koch's postulates, simultaneously test for the presence of ciliates

via light microscopy and molecular screening to ensure that the

stress of applying the inoculate does not inadvertently promote

these or other potential pathogens, which are apparently ubiquitous

in the field and in experimental aquaria.
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Abstract

In this study, the rumen metabolism of four ruminant species - blackbuck (Antilope cervicopro), bar-

bary sheep (Ammotragus lervia), sika deer (Cervus nippon dybowskii) and addax antelope
(
Addax

nasomaculatus) - from the Nuremberg Zoo was investigated in relation to their feeding management.

Parameters of microbial fermentation in the rumen as well as rumen tissue samples were examined.

Additionally, the offered and refused food was weighed, analysed and a dietary intake calculation for

these ruminant species was performed. Three of the four ruminant species - blackbuck, barbary

sheep and addax antelope - all grazers, showed severe characteristics of subacute ruminal acidosis

due to a diet high in fermentable carbohydrates (NfE > 55% of DM basis) and low in fibre (XF < 18% of

DM basis). This was indicated by numerous microabscesses within the rumen mucosa. These results

demonstrate that subacute ruminal acidosis is still a severe problem in captive wild ruminants, which

are often fed inappropriate diets with a high concentration of easily digestible carbohydrates.

Introduction

Ruminants represent a group of highly sophisticated herbi-

vores, which are often specialized for particular groups of feed-

ing plants and cannot be fed with uniform rations (Hofmann

1995). Therefore Hofmann and Stewart (1972) classified them

into a flexible system of three overlapping morphophysiological

feeding types: concentrate selectors, grass and roughage eat-

ers and intermediate, opportunistic mixed feeders. Today

"grass- and roughage eaters" and particularly the contradictory

term "concentrate selectors" are replaced by the terms

"grazers" and "browsers" according to the natural forage of

these ruminants (Clauss et ol. 2003). Numerous studies, for

example Ippen and Henne (1985; 1988), Kiupel (1988) and Hatt

et ol. (1995), document the high incidence of gastrointestinal

disorders in zoo ruminants due to an inadequate feeding re-

gime. One of the most prominent examples for gastrointestinal

disorders in ruminants is ruminal acidosis. This was investigat-

ed in detail by Marholdt (1991), who focused on pathological

changes of the rumen mucosa of 67 captive wild ruminants.

40% of these investigated animals showed acidotic characters

within the rumen mucosa.

In the past few years several indications for subacute rumi-

nal acidosis in certain ruminant species of Nuremberg Zoo were

noticed: For example, deformed claws in the barbary sheep

(Ammotragus lervio), although the claws were regularly

trimmed, and poor body condition plus episodes of diarrhoea

in the addax antelopes (Addax nasomaculatus). The purpose of

the study was to investigate the rumen health and feeding

management of different ruminant species - blackbuck

(Antilope cervicapra), barbary sheep (Ammotragus lervia), sika

deer (Cervus nippon dybowskii), addax antelope (Addax naso-

maculatus) - from the Nuremberg Zoo.

Methods

Five individuals of each ruminant species mentioned above

were used in this study. All animals were included opportunisti-

cally having been selected for removal due to to problems in

group composition and overcrowding, or in two cases in the

blackbuck group due to an acute injury. The sample collection

from these animals begun immediately after death and was

completed within 30 minutes.

Samples of rumen fluid were taken immediately for meas-

uring the pH with a portable electronic pH meter (SM 102®,

Milwaukee, USA). Further rumen fluid was centrifuged (4 min

at 6000 rpm) and stored with perchlor acid (0.66N) respectively

mercurouse chloride (1.25%) for measuring lactic acid (UV-test

with Cobas Mira Roche-Autoanalyser®, F. Hoffmann-La Roche

Ltd., Basel, Switzerland) respectively short chain fatty acids

(SCFA) by gas chromatography (Tangermann and Nagengast

1996).

Furthermore tissue samples of the rumen atrium were

taken (1 cm x 2 cm pieces). After fixation in neutral buffered

formaldehyde (4%), dehydration in graded ethanol and embed-

ding in paraffin transverse sections of 5 mm thickness were

prepared and stained with hematoxylin and eosin to verify the

various epithelial layers in the rumen mucosa. The histological

evaluation of the rumen mucosa according to the method of

Marholdt (1991) where a standardisation of changes caused by

acidosis in comparison with normal rumen mucosa, was per-

formed. Additionally, on every microscope slide the number of

rumen papillae and micro-abscess was evaluated and the rela-

tion of micro-abscess to papillae was calculated.

The diets (roughage, concentrates and fresh food) offered

to the animals of the four ruminant species were listed and

weighed as well as the refused food. A proximate analysis for

dry matter (DM), ash (XA), crude fibre (XF), and crude protein
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(N*6.25) (XP) was carried out by standardized procedures. Data for

crude fat (XL) was taken from the literature (Kamphues et al. 2009,

Souci et al. 2008, FAG 1994) respectively the official declaration of

the pelleted compound food. Nitrogen free extracts (NfE) were cal-

culated as NfE = 100-(XA+XL+XF+XP). Neutral detergent fibre (NDF),

acid detergent fibre (ADF) and acid detergent lignin (ADL) were esti-

mated by sequential fibre analyses (Van Soest 1967). For each rumi-

nant species the ingested diet composition was calculated.

Data are presented as mean ± standard deviation (SD) for each

ruminant species. A one-way analysis of variance (ANOVA) was per-

formed with the factor "group". This was followed by the one way

Kruskai-Wallis test. The analyses were calculated by use of a statisti-

cal software program (Systat for Windows® 11.0, SPSS Inc. Chicago,

USA) For all tests the level of significance was set at p = 0.05, so if

the p-value was less than 0.05, differences were considered statisti-

cally significant.

Results

Parameters ofrumen fermentation

The mean rumen pH of all investigated species was between 6.3 and

6.6 (Table 1). There was a significant difference (p < 0.05) between

the mean rumen pH of sika deer and addax antelope.

Neither d-lactate nor l-lactate were detectable in the rumen fluid

of any animal (detection limit: 0.3 mg/I). The SCFA concentrations in

the rumen fluid of the four investigated species were between 50

and 81 mmol/l (Table 1)

Species BW (kg) pH SCFA (mmol/l)

Antilope cervicapra 27 ±8 6.3 ± 0.4 71 ± 20

Ammotragus lervia 64 ±42 6.5 ± 0.4 81 ±29

Addax nasomaculatus 69 ± 28 6.3 ±0.2* 80 ± 13

Cervus nippon dybowskii 69 ± 11 6.6 ±0.2* 50 ± 13

Table 1. Mean body weight (BW) ± standard deviation (SD) of the invesigated animals

and mean pH and concentration of short chain fatty acids (SCFA) ± SD in the rumen fluid.

* p<0.05

Rumen epithelium

The rumen mucosa of all five investigated sika deer showed a multi-

layered epithelium. Particularly the Stratum corneum with bal-

looned and low keratinised cells indicates active resorption due to a

large amount of easily digestible carbohydrates. In contrast, severe

characteristics of ruminitis were present in the rumen mucosa of

blackbuck, barbary sheep and addax antelopes. There were numer-

ous aggregations of leukocytes, interpreted as micro abscesses

(Figure 1), as well as diffuse spread leukocytes within the rumen

epithelium in these species.

The ratio of micro abscesses

to the number of papillae on

one slice as well as the pres-

ence of diffuse spread leuko-

cytes in the rumen mucosa

are shown in Table 2. All ex-

cept one of the five investi-

gated blackbuck (BB 1), all the

investigated barbary sheep

(BS 1-5) and all addax ante-

lopes (AA 1-5) had an abnor-

mal Stratum corneum con-

sisting of several layers of flat

epithelial cells containing high

Figure 1: Rumen epithelium of a barbary sheep (BS 4) with cumulation of leukozytes,

interpreted as a micro abscess (Ma).

concentrations of keratin.

Ingested diet composition

Animals Ma / papillae Diffuse spreaded leukocytes

BB 1 - No

BB 2 0.03 No

BB 3 - Yes

BB 4 - Yes

BB 5 - No

BS 1 1.42 Yes

BS 2 0.15 Yes

BS 3 0.57 Yes

BS 4 1.14 Yes

BS 5 0.16

AA 1 0.25 Yes

AA2 0.79 Yes

AA 3 0.29 Yes

AA 4 - No

AA 5 - Yes

Table 2. Ratio of micro abscesses (Ma) in the rumen mucosa to rumen papillae on one

microscopcal slice and the presence of diffuse spreaded leukocytes in the rumen mucosa

of the investigated grazer species. BB = Blackbuck; BS = Barbary sheep; AA = Addax

antelope.

Species Roughage Concentrates Vegetables/

Fruits

R:C:V/F

in % on DMB

Antilope cervicapra Hay Savannenfutter®*

Kofu®’

Oats

Bran

Apples

Carrots

Beets

16:77: 7

Ammotragus lervia Hay Ziegenpellets®*

Kofu®

Bran

Oat flakes

Beets 37:49:14

Addax nasomaculatus Hay Kofu®

Oat flakes

Apples

Carrots

39:57:4

Cervus nippon dybowskii Hay Kofu®

Corn pellets

Oats

Bran

Beets 18:57:25

Table 3. Ingested diet composition and the ratio of roughage (R) to concentrates (C) to

vegetables and fruits (V/F) on dry matter basis (DMB) in the ingested diets. * Savan-

nenfutter®, Kofu® and Ziegenpellets® are pelleted compound feeds special com-

pounded for the Nuremberg Zoo.

Species DM
%

XP

%
XF

%
XL

%
NfE

%
NDF

%
ADF

%
ADL

%
Antilope cervicapra 63 17 14 3 58 40 18 4

Ammotragus lervia 50 14 18 3 55 44 23 4

Addax nasomaculatus 74 16 18 3 55 44 22 4

Cervus nippon dybowskii 37 11 15 3 65 38 20 4

Table 4. Proximate analysis of the ingested diets (in winter) of the four ruminant spe-

cies; DM = dry matter, XP = crude protein, XF = crude fibre, XL = crude fat, NfE = nitro-

gen free extracts, NDF = Neutral detergent fibre, ADF = Acid detergent fibre, ADL = Acid

detergent lignin. XP, XF, XL, NfE, NDF, ADF and ADL are given in % of dry matter basis.

The composition of the ingested diets of the four ruminant species

and the ratio of roughage to concentrates in the winter diets are

listed in Table 3. In summer all species additionally get grass but no

beets. The addax antelopes were separated indoor over night and

were also fed separately in their boxes. In contrast there was a

group feeding situation with the blackbuck, barbary sheep and sika

deer. The animals of the investigated ruminant species were fed

with the concentrates, vegetables and fruits once daily but hay was

available all day ad libitum. The proximate analysis of the chemical

components of the ingested diets are shown in Table 4.

Discussion

The parameters of rumen fluid (pH, SCFA, lactate) are closely related

with feeding regime (Steger et al. 1970). In this study these values

must be interpreted with caution because due to zoo management

reasons (opening times for visitors), the sample collection had to be

done early in the morning before the animals were fed. Therefore
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samples were taken long after the last meal when the pH is upregu-

lated and SCFA concentrations lowest. This would explain why the

parameters like pH and SCFA concentration, which are usually

changed during subacute acidosis are not changed in the present

study. After the single daily feeding of concentrates, vegetables and

fruits however, the pH is decreased which leads to lesions in the

long term. The concentration of lactate in the rumen fluid is de-

creased during acute ruminal acidosis but not during subacute rumi-

nal acidosis (Nocek 1997).

The severe lesions of the rumen mucosa of the blackbucks, bar-

bary sheep and addax antelopes are fundamental characteristics of

subacute ruminal acidosis (Krause and Oetzel 2006). The reasons for

developing subacute ruminal acidosis in these cases were probably

the diets, which consisted of high amounts of concentrates and

fresh food. A high level of NfE (55-65% of DM basis) and a low level

of NDF (38-44% of DM basis) combined with high amounts of con-

centrates, fruits and vegetables leads to the assumption that a big

part of the NfE-fraction consisted of starch and sugars. Additionally,

farmed fruits like apples have a very fast fermenting time and lead

to a fast production of high amounts of SCFA (Hummel et al. 2006).

Furthermore, all four diets had a deficiency of fibre since crude fibre

contents of the diets (14-18% of DM basis) reached the critical

threshold (18%) of beef cattle (Kamphues et al. 2009). Diets with

high amounts of easily digestible carbohydrates combined with a

deficiency of fibre causes a temporarily altered state of the rumen

(low pH after feeding) which may have lead in the cases of black-

buck, barbary sheep and addax antelopes to the lesions of rumen

epithelium. Additionally the feeding regime, like the number of

meals and the sequence of roughage and concentrates during feed-

ing is important to prevent subacute rumina 1 acidosis (Nordlund et

al. 1995). In the case of Nuremberg Zoo the investigated animals

were usually fed once a day, normally in the morning, with a mixture

of concentrates, vegetables and fruits. At this time hay also was

offered in amounts which passed for the whole day. The problem

with this feeding situation is that the animals usually eat the concen-

trates, vegetables and fruits in preference so hay intake is initially

low. This might have influenced the rumen milieu in a negative way,

since synchronity (the synchronic ingestion of protein and energy,

which is important for the ruminant microbial flora), was not guar-

anteed with this feeding regime.

In the group of sika deer there were no indications of subacute

ruminal acidosis since there were no pathological changes in the

ruminal mucosa. Furthermore in this species the rumen pH was

highest (6.6) and the concentration of SCFA lowest (50 rnmol/l). This

could lead to the conclusion that the sika deer, classified as an inter-

mediate feeder, seemed to tolerate increased amounts of highly

fermentable carbohydrates since no pathological changes were pre-

sent. This is in contrast to the findings of Kuipel (1988), Marholdt

(1991), and Clauss et al. (2003) who showed that intermediate feed-

ers and browsers are even more prone than grazers to GIT disor-

ders, like subacute ruminal acidosis, due to a high amount of con-

centrates in the diets. Apart from the classification in different feed-

ing-types the age of the investigated animals could be of relevance

in this case. Whereas the investigated groups of blackbuck, barbary

sheep and addax antelopes were heterogenous (age ranged from 8

month to 15 years) in the group of sika deer the animals were aged

between 12 and 20 months. Additionally, younger animals are nor-

mally more subdominant and consequently were not able to get

high amounts of concentrates in a group feeding situation compared

to the dominant animals. Apart from the diet with high amounts of

concentrates the sika deer used in this study were probably too

young to develop long term effects in the rumen mucosa.

Conclusions

The blackbuck, barbary sheep and addax antelopes, all grazers,

showed severe characteristics of subacute ruminal acidosis due to a

diet high in fermentable carbohydrates and low in fibre.

The feeding management, the ingested diet composition and the

feeding regime (frequency and sequence), of those ruminant species

from Nuremberg Zoo must be improved. The diets should consist

mainly of roughage (hay of good quality) and only that amount of

low energy pelleted compound food to cover specific demands on

vitamins and minerals like vitamin E and selenium. Fresh food such

as apples and carrots should not be fed since they are not adequate

for a physiological rumen milieu even in a grazing ruminant species.

The single daily meal of concentrates should be divided at least into

two meals a day. Changing the sequence of food provision so that

some roughage is consumed before the concentrate meal, particu-

larly in the morning, would also be very important.
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Abstract

We investigated the influence of zoo visitor numbers on the behaviour of a group of eight harbour

seals at Antwerp Zoo. The behaviour of the seals was monitored using instantaneous scan sampling.

Visitor presence at the enclosure was also monitored instantaneously. Additionally, daily visitor num-

bers for the zoo were gathered. We related seal behaviour to both the number of visitors present

during the instantaneous sampling and to the daily visitor attendance. Both analyses showed that

under increasing visitor numbers, more seals submerged under water. While behavioural changes are

clear and it appears the seals were hiding from increasing visitor numbers by diving under water, it

remains hard to assess whether visitors compromise the welfare of seals in captivity
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Introduction

Since the 1970s, several studies have shown that the presence,

number and behaviour of zoo visitors can all influence the be-

haviour of the animals (reviews in Hosey 2000; Davey 2007).

The presence of visitors can influence animal behaviour in zoos

negatively (Chamove et al. 1988; Davis et al. 2005; Hosey,

2000) or positively (Cook and Hosey 2005). However results are

somewhat ambiguous (Hosey 2000) due to several confound-

ing factors, such as animal size, visitor behaviour and enclosure

design (Davey 2007; Ross et al. 2007). Most studies into visitor

effects have been done on primates (e.g. Hosey and Druck

1987: Mitchell et al., 1992; Wells, 2005) ungulates (Thompson,

1989) and carnivores (Margulis et al. 2003). Within the pri-

mate group there is a general trend for negative effects (Hosey

2000). For other animal groups, data are scant and more re-

search in more different groups of animals is needed before

conclusions on the relationship between visitor numbers and

animal welfare can be made (Hosey 2000; Davey 2007).

One of the methodological considerations in visitor studies

is the discrepancy between instantaneous evaluation and daily

evaluation (Kuhar 2008). Instantaneous evaluations are usually

based on interval sampling (Martin and Bateson 1993) through-

out the day to score animal behaviour and visitor characteris-

tics. Thus crowd size at the animal enclosure is accurately

measured and can vary throughout the day. However, succes-

sive intervals are not independent of each other, cumulative

effects of varying visitor numbers cannot be measured and the

behaviour of the animals can influence visitor numbers, so that

causality is hard to detect (Kuhar 2008). It has been pointed

out that more active animals will attract more visitors, and thus

increased visitor density may be a consequence rather than a

cause of changes in animal behaviour (Hosey 2000). This has

been labelled the "visitor effect/visitor attraction confound",

which can influence the results of instantaneous evaluations

(Kuhar 2008, p. 378; Hosey 2000).

In daily evaluation, the number of visitors entering the park

or passing in front of the enclosure is used as the independent

variable in the analysis, which takes into account cumulative

effects and can be used to avoid the visitor-effect/visitor-

attraction confound (Kuhar 2008). However, no detailed infor-

mation on interactions between visitors and animals is gath-

ered in this method. Therefore, a combination of both methods

seems useful to study the impact of zoo visitors on animal be-

haviour.

Seals seem likely to be influenced by visitors. Studies on

different species of seals in the wild show effects of human

presence on seal behaviour. Harp seal
(
Phoca groenlandicus)

mothers and pups showed increased alertness and rested less

when tourists were present (Kovacs and Inness 1990). Cassini

(2001) reports that wild fur seals (Arctocephalus australis) re-

treat when tourists approach them closer than 10 meters. So in

wild seals there seems to be a clear threshold distance. On the

other hand, Wedell seals
(
Leptonychotes weddellii) habituated

very easily to repeated pedestrian approaches, resulting in less

looking up at approaching humans (Van Polanen Petel et al.

2008). In zoos, seals are a highly popular species for the public

and some preliminary studies indicate that a visitor effect ex-

ists. Taylor et al. (1988) report that seals show increased vigi-

lance behaviour when confronted with an unfamiliar observer,

but they were quickly habituated to a familiar observer. Mor-

gan and Tromborg (2007) cite unpublished data that show

increased vigilance in harbour seals with increasing visitor

numbers and noise. The authors do not indicate whether visual

scanning is a sign of negative or positive visitor effects.

Our aim is to use a combination of instantaneous evalua-

tion and daily evaluation to investigate to what extent zoo-

born harbour seals are habituated to the presence of crowds of

zoo visitors and whether a positive or negative visitor effect

exists for this species.
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Methods

Study group and enclosure

We studied a group of eight harbour seals, four males and four fe-

males, at Antwerp Zoo, Belgium. All seals were captive born and six

of them were born in Antwerp Zoo. The seals were housed in a 162

m 2 kidney shaped pool with a beach. In the enclosure, balls barrels

and platforms were provided as environmental enrichment. The

backside of the enclosure was formed by a high wall of artificial

rockwork. The visitors only had access to the front of the enclosure,

alongside the pool and alongside a small part of the beach. On aver-

age, visitors were standing about one to 1.5m above the water level

and so looked down on the seals. There were no further barriers

between the seals and visitors that would create any additional dis-

tance; apart from a small patch of shrubs alongside half of the

beach.

Observation protocol and ethogram

The second author observed the seal group on 24 weekdays over a

period of six weeks between February and April 2008. No observa-

tions were made during the weekends. Each day, two to three ob-

servation sessions of ten minutes each were carried out semi-

randomly throughout the day between lO.OOh and 17.00h, with a

minimum interval of 60 minutes between two subsequent observa-

tions on the same day (Margulis and Westhus 2008). In this way, a

total of 61 observation sessions, totalling ten observation hours, was

carried out. Within an observation session, we used instantaneous

scan sampling (Altmann 1974) with 30-second intervals. The seals

were difficult to individually distinguish, especially when swimming

under water. Therefore we did not note individual identities, but

simply recorded the number of animals performing specific behav-

iours in each sample. On each scan we scored a) how many visitors

were standing alongside the seal pool b) how many seals were in

each of the following behavioural categories (after Hunter et al.

2002). The behavioural categories were identical for both instanta-

neous and daily analyses, and were defined as follows:

1. Swimming under water: body and head of the seal are totally

submerged in the water

2. Swimming with head above water: seal actively swims with head

(partly) above the water

3. Visually scanning the environment: seal hangs vertically in the

water with head above the water, clearly scanning the environ-

ment by looking around.

4. Resting (partially) on land: seal lies on the beach area of the

enclosure (Hunter et al. 2002; "resting hauled out")

5. Social interactions: seal engages in social activities including

categories of breeding behaviour and aggressive behaviour de-

scribed in Hunter etal. (2002)

Only visitors that were actually standing still, with two feet on the

ground and visually oriented towards the seals, were counted; i.e.

visitors walking past the enclosure were not counted as present. The

observer was never counted as a visitor.

Statistical analyses

We investigated the influence of daily visitor attendance on seal

behaviour and the instantaneous effect in two separate Multinomial

Regression Models in SAS (vs9.0). For the daily evaluation, we ob-

tained the daily number of visitors in the zoo from the ticket office.

We chose the seven days with the highest number of visitors ("high

visitor attendance" mean number of visitors per day= 3756 ± 464.2)

and compared this sample with the seven days of the lowest visitor

attendance ("low visitor attendance" mean number of visitors per

day = 669.5 ± 48.0 visitors). The other 10 days were left out of these

analyses. For each of the 14 sample days, two full observations (with

21 scans each) were chosen. We used the proportion of seals rec-

orded in each behavioural category as dependent variable and 2

independent variables: the test condition (small crowds versus large

crowds) as well as maximum daily temperature.

For the instantaneous evaluation, we performed a Multinomial

regression model on the full dataset of 1279 scan samples and for

each sample noted how many visitors were present at the enclosure

(continuous independent variable)
,
and the proportion of seals

scored in each behavioural category as a dependent category. Tem-

perature was not considered for the instantaneous evaluation as it

was not measured at each individual sample. After the multinomial

regression we did separate regression models for each behavioural

category, to look for more specific effects.

Results

Daily evaluation - visitor attendance and seal behaviour

When comparing maximum daily temperatures for low visitor

attendance and high visitor attendance, we found a non-significant

difference between the two periods (t-test: t = 2.01; p = 0.07). When
we compared days of high visitor attendance versus low visitor

attendance, we found that the behaviour of the seals was signifi-

cantly influenced by condition (x
2 = 18.21, df = 1, p < 0.0001; Fig 1.)

but not temperature (x
2 = 0.39, df=l, p=0.53). Post hoc tests for

each behavioural category showed that more seals spent time under

water at high visitor attendance compared to low visitor attendance

(X
2 = 11.37; p = 0.0007). On the other hand, on high visitor attend-

ance days, significantly fewer seals were scanning the environment

(X
2
= 28.92 p < 0.0001) and resting on land (x

2
= 91.69 p < 0.0001).

We found no significant differences between the two conditions in

the number of seals swimming with their heads above the water (x
2

= 0.66; p = 0.23) or engaged in social behaviour (x
2
= 3.23, p= 0.07).

underwater swim visual scan social rest on land

behaviour

Low visitor attendance High visitor attendance

Figure 1. Average number of seals in each behavioural categories on low visitor attend-

ance days (black: < 853 visitors in zoo) and on high visitor attendance days (white: >

1800 visitors in zoo) + Standard error of means. Triple asterisks indicate significant

differences p< 0.001

Figure 2. Instantaneous evaluation of seal behaviour in relation to number of visitors

standing in front of the enclosure. Triple asterisks indicate significant differences

p< 0.001; ° indicates a trend with 0.05 < p < 0.10
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Visitor influence on seal behaviour

Instantaneous evaluation - Visitor presence and seal behaviour

Overall, we found that the absolute number of visitors standing

around the enclosure had a significant effect on the behaviour of the

seals (F11253 = 59.30, p < 0.0001, Fig 2). The analyses per behaviour

separately showed that as the visitor numbers increased, more seals

were seen swimming underwater (x
2 = 22.92; p < 0.0001), fewer

seals were seen swimming with heads above the water (x
2 = 40,95;

p< 0.001), fewer seals were seen in social behaviour (x
2
- 14.66, p <

0.0001). There was only a statistical trend that showed fewer seals

resting on land (x
2 = 3.74; p = 0.053), and no significant effect of

visitor numbers on the number of seals scanning the environment

(X
2
= 2.58; p = 0.11).

Discussion

We used both daily evaluation and instantaneous evaluation to

measure the impact of zoo visitors on seal behaviour. Both methods

provided more or less similar results: under increasing visitor num-

bers, more seals spent their time submerged. We could also show

that maximum daily temperature did not have a significant effect on

the behaviour of seals in our study. While both methods yielded

similar results for underwater swimming, social behaviour and

resting on land; there were minor differences between the two

methods for swimming with heads above the water and for scanning

the environment. The first showed no effect of visitor numbers in

the daily evaluation, but a significant decrease under increasing

visitor numbers for the instantaneous evaluation. For scanning the

environment the exact opposite was found, with a significant de-

crease in the daily evaluation and no significant effect of visitor num-

bers in the instantaneous evaluation. This may be a reflection of the

random criterion to compare large crowds with small crowds. In the

daily evaluation we only compared the seven days with highest visi-

tor numbers with the seven days of lowest visitor numbers but we
did not include the seven days in between, to measure only ex-

tremes (see also Kuhar 2008), but the cut off points were chosen

randomly, and the effect size is in fact very small. On the other hand

the discrepancies between daily and instantaneous evaluation do

not seem to be caused by the "visitor effect / visitor attraction con-

found" since it is unlikely that increasing visitor numbers would be

attracted by a less social interactions.

Ideally, physiological measures of stress should be included in

analyses to evaluate animal welfare. Although we could not measure

the direct impact of visitors on stress physiology of the seals, as in

many studies on visitor effects (Davey 2007), our results did show

that the seals were at least influenced by the number of visitors at

their enclosure, both on an instantaneous and a daily scale. Includ-

ing cortisol measures to evaluate stress in seals has happened in the

wild (Constable et al. 2006) and this might be a fruitful approach to

evaluate whether increasing visitor numbers cause increased stress,

a method that has been applied to other zoo-housed mammals

(Davis et al. 2005), but to our knowledge this has not yet happened

in studies of captive seals.

It seems the seals in our study tried to avoid increasing visitors,

by diving underwater, which in itself can be a means to reduce

stress. Studies of visitor effects in other species have also reported

reduced visibility under larger crowd conditions (Kuhar 2008). How-

ever, this finding is in contrast with other studies on the impact of

visitors on seal behaviour, where increased visual scanning was ob-

served under increased visitor numbers (Morgan and Tromborg

2007). Visual scanning can be considered as a positive visitor effect,

or seals could perhaps be monitoring the environment, or begging

for titbits. In our study, scanning gave somewhat inconclusive re-

sults: based on the daily evaluation we found that fewer seals

scanned the environment under high visitor numbers.. In the instan-

taneous evaluation we did not find a significant influence of visitor

numbers on the proportion seals that engaged in scanning behav-

iour.

We hypothesize that enclosure design is a crucial factor that

influences scanning behaviour. In our study, scanning behaviour was

relatively rare. The visitors were standing 1-1.5 m above the water

level. It is possible that scanning occurs more when visitors are more

at 'eye-level' of the seals. Similarly, swimming under water may be

less useful for seals to evade visitors in exhibits with under-water

viewing windows, which were not present in our study. Unfortunate-

ly no details on exhibit design are provided in the other studies of

seals (Taylor et al. 1998; Morgan and Tromborg 2007). Interesting-

ly, a study on captive Humboldt penguins also found more penguins

submerged under higher visitor numbers (Condon et al. 2003). How-

ever, the authors consider this a positive visitor effect and suggest

the penguins were attracted to the large and noisy crowds standing

in front of an under-water viewing window. In the current study no

such window was present, thus dispelling this explanation at least

for the seals. We suggest that complex enclosures with visual barri-

ers could be constructed to give seals a chance to move out of visi-

tors' view if they choose, similar to what has been proposed for

other species (Hosey 2000). Future research on visitor impact on

seal behaviour, should focus experimentally providing and removing

hideouts for seals, to assess the impact of such hideouts on seal

behaviour. Ideally, measuring the hypothalamic-pituitary-adrenal

axis activity to measure stress in captive seals should complement

behavioural studies. In conclusion, the behaviour of seals in captivity

seemed to be influenced by the number of visitors, both on a daily

basis and an instantaneous level as seals hide underwater from in-

creasing visitor numbers, but more information is needed to assess

the effects of visitors on real welfare.
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Abstract

This study aimed to assess the effects of husbandry regimes on the personality of zoo-housed chee-

tahs (Acinonyx jubatus). 35 individual cheetahs from 7 zoos in the UK and Ireland were rated on 25

trait adjectives and 23 observable behaviours. Data on housing and husbandry variables were also

collected. Behavioural observations during the addition of a novel object (a traffic cone) were also

carried out. 11 of the personality and behaviour traits were determined as reliable using Intra Class

Correlation coefficients (ICC[3, kj). Principal Components Analysis (PCA) using these traits resulted in

the emergence of three personality dimensions. Dominance, Sociability and Keeper-directed Sociabil-

ity. Animals' scores on the Dominance dimension were significantly negatively correlated with the

frequency of touching the novel object and total time spent in contact with the novel object. General-

ised linear mixed models were used to assess the effect of sex, age and husbandry variables on chee-

tahs' scores on each of the personality dimensions. Males scored significantly higher than females on

the Dominance and Sociability dimensions. Age had no significant relationship with the personality

dimensions. Three of the husbandry variables had significant relationships with personality dimen-

sions. If the keeper entered the cheetah enclosure on a daily basis animals were scored significantly

lower on the Dominance dimension. If prey was in sight animals scored higher on the Sociability and

Keeper-directed Sociability dimensions. The percentage of barrier fence that the public had access to

had a significant relationship with Keeper-directed Sociability, however the nature of this relationship

was unclear potentially due to it being a confounded variable.

Data collected during this study resulted in the identification of three personality dimensions

which are comparable with previous animal personality research. The personality dimensions showed

some evidence of validity in correlations with behavioural measures; however the usefulness of novel

object tests in validating personality assessments should be considered in future research. The study

demonstrates that there may be important relationships between housing and husbandry variables

and cheetah personality. Of particular importance may be the value of Keeper Animal Relationships

(KARs) which have been identified in previous studies.

Introduction

The study of individual differences in non-human animals (here

on referred to as animals) whether defined as personality, tem-

perament, behavioural syndromes, or behavioural phenotypes,

has received increased attention from researchers in recent

years. Gosling's (2001) review identified a range of research

documenting individual differences in behaviour that could

constitute personality in species ranging from cephalopods to

great apes. Although there are inherent difficulties in assessing

personality dimensions within a range of species (Uher 2008),

certain dimensions, such as Sociability have been identified

repeatedly across species (Gosling 2001), and appear to readily

translate within species across multiple situations (King et ol.

2005; Weiss etal. 2007).

Historically research has focused on species held in labora-

tory (Capitanio 2011; Coleman 2011), and domestic (Anderson

et ol. 1999) environments and research topics have covered,

amongst others, methodology (e.g. Stevenson-Hinde and Zunz

1978), health (see Cavigelli 2005 for a review), productivity

(e.g. Muller and von Keyserlingk 2006) and welfare (e.g. Cole-

man 2011).

While the benefits of zoo based personality research for

conservation have been identified (Bremner-Harrison et ol.

2004; Watters and Meehan 2007; Powell and Gartner 2010),

perhaps its most valuable use of personality assessments in the

zoo setting is as a tool for animal husbandry and management.

A survey of the personality of black rhinoceros ( Diceros bicor-

nis) in USA zoos suggests that personality can be affected by

enclosure features, for example in males of the species there is

a positive correlation with the percentage of public access (the

percentage of the outdoor enclosure perimeter that allowed

the public an unobstructed view of the enclosure) and the

scores on a Fearfulness personality dimension. In addition per-

sonality may impact on breeding success as male rhinos' scores

on Dominant and Olfactory personality dimensions were nega-

tively related to breeding success, whilst females breeding

success was negatively related to a personality dimensions

labelled Chasing / Stereotypy / Mouthing. (Carlstead et al.

1999; Carlstead, Fraser et al. 1999).

One aspect of management that consistently reoccurs in

Zoos is the introduction of new animals or the formation of

new groups of animals. Kuhar et al. (2006) suggested that per-

sonality assessment of gorillas (Gorilla gorilla) may assist the
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Species Survival Plan (SSP) breeding programme coordinators to

make informed choices about the composition of new gorilla groups,

especially all-male groups. They surveyed male gorillas in the A2A

population, repeating the methodology used in an earlier study

(Gold and Maple 1994) and found that individuals that were housed

solitarily had significantly lower scores on an Understanding person-

ality dimension than those in heterosexual groups. It is unclear,

however, whether solitary individuals are rated lower on this dimen-

sion because they are solitary or whether they are housed solitarily

because of some social component predictable by the Understand-

ing factor. The authors suggest that if the Understanding factor is

predictive of males that must be solitarily housed, the GBI would be

a valuable tool for assessing social competence for establishing all-

male gorilla groups.

Wielebnowski (1999) surveyed 44 adult captive born cheetahs in

four North American breeding facilities and identified three major

personality components (Tense-fearful, Vocal-excitable, and Aggres-

sive). It was found that females scored higher on the Tense-fearful

component than males, leading the authors to suggest that a high

level of fearfulness maybe an important adaptive trait, particularly

in an open habitat and where lion density is high. An analysis of the

breeding success of the sample population revealed that non-

breeders of both sexes scored significantly higher on the Tense-

Fearful component than breeders. Wielebnowski suggests that the-

se results may therefore also allow us to predict an individual's abil-

ity to reproduce in a captive environment; implying that animals

that score more highly on the Tense-fearful may not be as adaptive

to a captive environment, and may need more secluded enclosures

and provision of hiding places in order to breed successfully.

In captive small felids there is a significant positive relationship

between reproductive success and the time keepers spend inter-

acting with their animals (Mellen 1991). These results suggest that

animals learn to be comfortable with the inevitable presence of

their human caretakers, and may therefore score less highly on the

tense-fearful dimension. In effect a positive Keeper Animal Relation-

ship (KAR) can benefit both the animal and the keeper. This has not

been extensively researched in zoo animals (although see Claxton

2011), despite a growing amount of literature in domesticated ani-

mals (Carlstead 2009).

While there is a growing body of personality research occurring

within the zoo world (Carlstead et al. 1999a, 1999b; Powell and

Svoke 2008; Weiss et al. 2007), there is a feeling that greater

knowledge of an individual animal's personality will allow us to not

only to assess an animal's needs, but also to tailor situations or roles

in captivity to suit an individual animal's personality (Watters and

Powell 2011). In order to achieve this we need to have a greater

understanding of the relationship between an animal's environment

and its personality.

The aims of this study were to i) survey the personalities of the

UK population of cheetah to see if we can identify similar behav-

ioural components to the Wielebnowski study and ii) to evaluate

whether there are any relationships between housing and husband-

ry factors and A. jubatus personality.

Materials and Methods

Study Design

Questionnaires were sent to 11 zoos in the UK and Ireland holding

cheetah as recorded by ISIS (International Species Information Sys-

tem) at the end of 2002. Seven institutions returned questionnaires,

a response rate of 64%, providing data on a total of 34 individual

cheetahs (16 males and 18 females). Behavioural observations dur-

ing novel object tests for validation purposes were conducted at 6

institutions on 29 individuals (15 males and 14 females).

Questionnaires

A questionnaire was constructed in order to evaluate cheetah per-

sonality. The questionnaire had three sections. Section 1, consisted

of 25 trait adjectives with accompanying behavioural definitions, e.g.

'Cautious - Approaches novel objects/ situations with care and wari-

ness'. Section 2, consisted of 23 observable behaviours e.g. faecal

marking or sharpening claws. Raters had to rate each adjec-

tive/behaviour on a scale from 1 (does not apply to the cheetah in

question) to 7 (applies strongly to the cheetah in question). The

third section gathered information of the environment of the chee-

tahs, including details on housing and husbandry. The question-

naires were accompanied by detailed instructions for the raters to

ensure they were filled out as accurately as possible.

Novel Object Tests

At the six zoos used for behavioural data collection, a novel object

test was used to validate the questionnaire data; a small traffic cone

was used as a novel object. After the object had been placed in the

enclosure instantaneous scan sampling at one-minute intervals was

carried out for 30 minutes. Latency to approach the object was rec-

orded as was the frequency of contacts, and the total time spent in

contact with the object. Due to the nature of housing and husbandry

routines some individuals were tested alone while others were test-

ed in social groups although data was collected for all individuals.

Data analysis

Inter-observer reliability

To determine the within-subject reliability the Intra Class Correlation

(ICC [3,k]) scores were calculated using each individual cheetah's

ratings (Shrout and Fleiss 1979). An ICC [3,k] of > 0.60 indicates

good agreement between observers (Shrout and Fleiss 1979) there-

fore any animals that had and ICC [3,k] below this value were dis-

carded from further analysis. To determine across-subject reliability

the data for 32 animals at six zoos that were rated by more than one

observer were used to calculate ICC coefficients for each trait. An

average ICC value for each trait was then calculated and any trait

that had a mean value below 0.60 was removed from further analy-

sis.

Principal Components Analysis

All the reliable traits were entered into an Exploratory Principal

Components Analysis (PCA) using the statistical computer pro-

gramme SPSS vs. 17. Oblique (direct Oblimin) rotation was used as

this is an exploratory analysis and there is reason to believe that

factors may be correlated. The Eigenvalues above one, interpreta-

tion of the scree plot and parallel analysis were used to establish the

number of components that should be retained (O'Connor 2002).

The pattern matrix output was used for interpretation of component

loadings.

Validity analysis

A score for each animal on each of the personality dimensions from

the PCA analysis was calculated by averaging their scores on each of

the individual traits that had salient (>0.40) loadings on a particular

dimension (for negatively loaded traits a reverse score was calculat-

ed by taking the original score from 8). If a trait had salient loadings

on more than one dimension then it was assigned to the dimension

on which it had the higher loading. Pearson product-moment corre-

lations were then used to examine the relationship between person-

ality dimensions and the behaviour measures recorded during the

novel object test.

Relab'onship between personality and environmental variables

The effects of housing and husbandry on the personality factors

were analysed with Generalised Linear Mixed Models using SPSS 19

statistical software (SPSS 2010, IBM, Chicago, IL, U.S.A). All factors

were run on a normal distribution (residuals were tested for normal-

ity and no significant differences were found). Fixed factors includ-

ed age, gender, percentage of the enclosure barrier that is solid

(solid barrier), percentage of the barrier that the public have access
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to (public perimeter), whether a prey species was in sight of the

cheetahs and whether the keepers enter the enclosure with the

animals daily (keeper enters daily).

The model was fitted using a backwards stepwise process to find

the minimum adequate model for explaining the variance observed

in the response variable (Bolker et at 2009). Only significant explan-

atory variables were retained and the models with the lowest

Akaike's Information Criterion were interpreted. All tests are two-

tailed. For appropriate significant results post-hoc pairwise compari-

sons with Bonferroni corrections were carried out.

Results

Inter-observer reliability

ICC values for each individual animal ranged from 0.63 to 0.98 (Table

1). No animal had an ICC value below 0.60 therefore all animals'

data was used in further analysis. ICC values for each trait that met

the mean >0.60 threshold are presented in Table 2. 11 traits were

found to reach the criterion. While the reliability analysis could only

be done using the data from six zoos (32 animals) due to the sam-

pling constraints, if the traits were found to be reliable they were

assumed to be reliable across all seven zoos, so that all the personal-

ity data could be entered into the PCA analysis.

Number of
Zoo

raters
Sex

Age

(years)
ICC [3,k]

Female 11.6 .94

Female 9.8 .92

Female 2.4 .81

Female 5.8 .93

Fota Wildlife Park, Male 9.8 .98

Ireland Male 2.4 .90

Male 1.1 .93

Male 5.8 .94

Male 4.0 .94

Male 5.8 .98

Male 12.9 .82

Marwell Wildlife, UK 2 Female 3.8 .72

Female 10.9 .86

Male 4.3 .83

Paignton Zoo Environ- Male 4.3 .93

mental Park, UK Female 3.8 .89

Female 3.8 .65

Female 7.8 .95

Female 1.8 .92

Colchester Zoo, UK 2 Male 1.8 .92

Male 1.8 .94

Male 1.8 .92

Male 4.9
Belfast Zoological

Gardens, UK
Female 1.5 -

Female 1.5 -

Male 3.5 .82

Female 4.8 .63

Hamerton Zoo Park, Male 6.2 .65

UK
2

Female 6.8 .68

Male 1.7 .68

Female 1.7 .79

Female 11.0 .96

Whipsnade Zoo, UK 2 Female 13.3 .97

Female 10.6 .94

Table 1. Summary of study animals and within subject reliability ICC [3,k]

.

Principal Components Analysis

The 11 reliable traits were entered into an exploratory Principal

Components Analysis (PCA), Based on the component retention

criteria three factors were retained which accounted for 63.12% of

the variance (Table 3). Based on the individual items that loaded

onto each component (from now on referred to as personality di-

mensions) they were labelled, Dominance, Sociability and Keeper-

directed Sociability (traits loading on this last dimension refer only to

the cheetah's interactions with keepers).

Institution*

Trait

1 II III IV V VI Mean

Friendly to you .95 .82 .99 .94 .99 .67 .90

Aggressive to you .84 .86 .85 .00 .93 .75 .71

Assertive .93 .89 .76 .30 .93 .89 .78

Dominant to con-

specifics
.98 .94 .38 .89 .84 .97 .83

Playful .98 .86 .86 .59 .84 .86 .83

Timid/shy .98 .63 .00 .40 .80 .99 .63

Head rubbing .93 .86 .87 .59 .49 .99 .79

Close follow .98 .86 .57 .00 .75 .99 .69

Contact aggression .95 .86 .57 .00 .76 .92 .68

Chirp-fear .78 .67 -.25 .87 .80 .77 .61

Stutter .85 .99 .73 .36 .00 .98 .65

*lnstitutions: l=Fota; ll=Marwell; lll=Colchester; IV=Paignton; V=Hamerton; VI=Whipsnade

Table 2. Intra-Class Correlation Coefficients !CC[3,k] for all traits with a mean ICC

>0.60.

Trait Dominance Sociability
Keeper-directed

Sociability

% Variance explained 30.80 18.03 14.32

Contact aggression .89 .16 -.08

Assertive .74 .44 .07

Dominant to con-

specifics
.69 .23 .06

Chirp-fear .66 -.12 -.02

Stutter .63 .01 .01

Head rub .03 .86 .05

Timid/shy -.13 -.79 .22

Playful .60 .60 .04

Close follow .16 .53 .15

Stutter bark .41 .51 -.19

Aggressive to you .11 .11 -.91

Friendly to you .02 .01 .90

Table 3. Results of the principle components analysis. Salient loadings >0.4 are in bold.

Validity Analysis

Dominance personality scores were negatively correlated with the

frequency of contacts (r = -0.537, n = 29, p < 0.01) and total time in

contact with the novel object (r = -0.64, n = 29, p < 0.01). Sociability

and Keeper-directed Sociability scores were not significantly corre-

lated with any of the behavioural measures.

Sex, Age, Housing and Husbandry Analysis

Dominance

There was a significant effect of gender on Dominance score (Wald's

X
2 = 5.41, df = 1, p = 0.02), with males scoring more highly than fe-

males (means: males= 3.59, females = 2.88). There was a significant

effect of whether the keepers enter daily (Wald's x
2 = 12.35, df = 1, p

< 0.01), with individuals where the keeper does not enter daily scor-

ing more highly than individuals where the keeper does enter daily

(means: keeper does not enter daily = 3.82, keeper enters daily =

2.64). There was also a significant effect of whether prey was in

sight (Wald's x
2 = 18.99, df = 1, p < 0.01), with individuals where prey

is in sight scoring more highly than individuals where prey is not in

sight (means: prey in sight = 4.02, prey not in sight = 2.44).

Sociability

There was a significant effect of gender on sociability (Wald's x
2 =

7.89, df = 1, p = 0.01), with males scoring more highly than females

(means: males = 3.99, females = 3.03).

Keeper-directed Sociability

There was a significant effect of whether prey was in sight on keep-

er-directed sociability (Wald's x
2
= 10.47, df = 1, p = 0.01), with indi-

viduals where prey is in sight scoring more highly than those where
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prey is not in sight (means: prey in sight = 3.55, prey not in sight =

1.93). There was also a significant effect of the amount of perimeter

that the public had access to (Wald's x
2 - 47.14, df = 6, p < 0.01).

However pairwise post-hoc tests did not reveal any easily describa-

ble relationships between percentage of perimeter and keeper-

directed Sociability.

Discussion

The results suggest that keepers can reliably assess individual chee-

tahs on a range of personality and behaviour traits. Using these

ratings three personality dimensions were identified within the sur-

veyed population of cheetah. Dominance, Sociability and Keeper-

directed Sociability. One of these dimensions, Dominance, demon-

strated good construct validity as individual dimension scores had

significant correlations with behavioural measures recorded during

novel object tests.

Structure of personality dimensions

Dominance was the strongest personality dimension to emerge from

the PCA analysis accounting for 31 % of the variance in the data.

Animals rating highly on this dimension scored higher on the individ-

ual behavioural traits contact aggression, assertive, dominant to

con-specifics, chirp-fear and stutter. Analogous personality dimen-

sions have been found in a wide range of animals including for ex-

ample the Dominance dimension in chimpanzees (Pan troglodytes)

(King and Figueredo 1997), and the Assertiveness dimension in hye-

nas (Crocuto crocuta) (Gosling 1998). The Dominance dimension in

the current study is not directly comparable with any one dimension

in the Wielebnowski (1999) study however it most closely resembles

the Aggressive dimension as it contains traits relating to aggressive-

ness. One of the potential reasons for not finding dimensions direct-

ly comparable with the Wielebnowski study is the trait list that was

used. The trait list in the current study was generated using an eclec-

tic approach (Uher 2008), this involved first using the Wielebnowski

trait list as a starting point for trait generation but traits were added

based on other animal personality research and the behavioural

repertoire of cheetah. Therefore a greater range of traits was used;

48 traits in the current study compared to 18 in the Wielebnowski

study. This finding stresses the importance of the trait lists that are

used for personality studies, a topic which has been highlighted in

primate research. When a trait list designed for rhesus macaques

(Macaco mulatto) (Stevenson-Hinde and Zunz 1978} trait list was

used to assess personality in P. troglodytes three personality dimen-

sions emerged (Murray 1998), however in the same species when

using a trait list derived from that of the human Five Factor Model

(FFM), six personality dimensions emerged (King and Figueredo

1997). Uher and Asendorpf (2008) suggest that empirical differences

were not caused by species personality differences but by the per-

sonality dimensions that were covered by the list of trait adjectives.

The current study demonstrates that trait list generation is also an

important factor when interpreting results from felid personality

research.

Animals rating highly on Sociability scored higher on the individ-

ual behavioural traits head rub, playful, close follow, stutter bark,

and lower on the trait timid/shy. Of the three dimensions identified

in the Wielebnowski (1999) study the Sociability dimension in the

current study most closely resembles the Vocal-excitable dimension

which has high positive loadings on variables such as playful and

active. Sociability is one of the most commonly assessed personality

dimensions in animal personality research and has been found

across a wide range of taxa, including felid species (Freeman and

Gosling 2010; Gosling 2001). Therefore we would expect to find a

sociability type dimension in cheetah.

Animals rating highly on Keeper-directed Sociability scored high-

er on the individual trait friendly to you and lower on the individual

trait aggressive to you. There are very few published studies that

have included keeper-directed traits in animal personality research

however a human-directed Agreeableness factor has been found in

spotted hyenas (C. crocuta) (Gosling 1998); and a Friendly to keeper

dimension was found in zoo housed black rhino (D. bicornis)

(Carlstead et al. 1999a). In the Wielebnowski (1999) study the trait

Aggressive to people trait loaded highly on an Aggressive personality

dimension in zoo-housed cheetahs (A. jubatus) (Wielebnowski

1999). Gosling (1998) suggests that, in the case of hyenas (C. crocu-

ta), the presence of a human-directed Agreeableness dimension

may be "manifestations of individual differences in the more general

domain of social sensitivity" (p. 113), as hyena exhibit complex social

relationships. We may therefore expect to find similar dimensions in

other carnivore species that exhibit any kind of social relationships.

In addition this dimension has a plausible connection with the Keep-

er Animal Relationship (KAR) (Claxton 2011) which can be extremely

important in the management of captive carnivores (Mellen 1991).

The current study did not include any analyses of KARs but this may

be an important area of future research.

Validity of identified personality dimensions

Of the three personality dimensions revealed in this study Domi-

nance was the only one to show significant correlations with any of

the behavioural measures recorded during novel object tests. Ani-

mals scoring highly on the Dominance dimension had fewer bouts of

contact with the novel object and spent less overall time in contact

with the object than animals scoring lower on this dimension. We
might expect that animals rating highly on this dimension would

spend more time inspecting novel objects due to their high rating on

the individual trait assertive, i.e. they may be more inclined than

their low Dominance counterparts to investigate novel, potentially

threatening, stimuli. The choice of novel object in the current study

may be an important factor when interpreting this result further, a

traffic cone, while novel, may not be particularly threatening there-

fore Dominant animals may be more inclined to ignore this object

when it is presented to them. Carter et al. (2012) assessed Boldness

in wild chacma baboons (Papio ursinas) using response to two differ-

ent objects; a model puff adder (Bids arietans arietans), and a novel

food item. They found that animals' behavioural responses to the

two different objects did not correlate across the two contexts and

that responses were potentially indicative of anxiety rather than

Boldness. This study highlights the importance of choosing novel

objects which are relevant to the particular dimension of interest,

potentially future studies should first explore the personality dimen-

sions and then design behavioural tests for validation purposes.

The effect of housing and husbandry on personality traits

Housing and husbandry routines had a significant impact on two of

the identified personality dimensions. Dominance and Keeper-

directed Sociability. Dominance scores were significantly lower if

keepers entered the enclosure with the cheetahs on a daily basis. In

comparison Wielebnowski (1999) found that it was the

Tense/Fearful dimension that was significantly affected by the keep-

ers entering the enclosure, with animals being less Tense/Fearful

when entering the enclosure with the animal was part of the day to

day husbandry routine. Although a Tense/Fearful dimension was

not identified in this research, it is reasonable to assume that chee-

tahs housed where the keepers enter the enclosure score less on

the Dominance dimension because they are less fearful of the keep-

ers. Freeman and Gosling's (2010) review of studies in primate per-

sonality found that Dominance related traits were classified under

Fearfulness, Dominance or Independence dimensions by various

authors, and that Fearfulness and Dominance frequently over-

lapped. Within this research, aggressive behaviours loaded on the

Dominance dimension but it has been well documented in several

species that fearful animals may respond in an aggressive manner

(e.g. dogs. King et al. 2003). Animals (particularly small felids) which

develop a positive relationship with their keepers and show a less

fearful response will often demonstrate improved responses to envi-
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ronmental change in the enclosure and increased breeding success

(Mellen 1991).

It should be noted that keeper perceptions of animals may be an

important factor when interpreting the above results. It is reasona-

ble to assume that whether keepers enter the enclosure daily is

dictated by traditional husbandry routines at individual zoos rather

than because keepers believe that individual cheetahs are more or

less Dominant. Certainly there were no replies to the questionnaire

suggesting that keepers would choose to enter with some cheetahs

over others based on the Dominance behaviour of the individual

animal. This may mean that because the keepers enter the enclo-

sure daily they perceive their animals in a different way to keepers

that do not carry out this management practice. In the current study

we do not believe that keeper perceptions of animals is affecting the

results as if this was the case we would expect to see similar rela-

tionships with other personality dimensions, especially the Keeper-

directed Sociability dimension.

Dominance and Keeper-directed Sociability scores were both

also significantly affected by the housing of a prey species in sight of

the cheetahs. Individuals that could see prey species scored more

highly on both these dimensions. There is very little published data

on the behavioural impact of housing a prey species in view of a

predator and there is no immediately obvious reason why these

relationships should occur. In the case of Dominance potentially

there may be increased levels of frustration through not being able

to perform a natural behaviour for which there is a high motivation

(Dawkins 1988) i.e. viewing a prey species but not being able to

hunt, and it may be reasonable to suggest that higher levels of Dom-

inance behaviours may result from the frustration of not being able

to get to a potential prey item. In the case of Keeper-directed Socia-

bility cheetahs may associate keepers with food so watching a prey

species may promote excitability towards the keepers. Potentially it

could be a misinterpretation of behaviour on the keepers' part. The

cheetah may be generally more excitable when housed within sight

of the prey species, the keepers may only be aware of this from

observing their behaviour as they approach the enclosure. Certainly

it has been documented that housing felid species in view of poten-

tial prey species can increase levels of activity, more often stalking

behaviour (Lyons et at 1997).

Although there is an effect of the percentage of the perimeter

fence on the level of Keeper-directed Sociability, there is not a clear

relationship. Percentage of the perimeter fence that public have

access to is potentially a confounded variable as it shows a correla-

tion with other variables such as enclosure size. It is therefore not

possible from these data to explore this relationship further.

The effect of age and gender

There was no significant effect of age on any personality dimensions.

This contrasts to previous research with other felid species (e.g.

snow leopards, Uncia uncia, Gartner and Powell 2011), however

does agree with results from the U.S. cheetah population

(Wielebnowski 1999). This non-significance in the current research

may De due to the small sample size so further study would need to

be done to confirm this finding.

There were significant effects of gender on the Dominance and

Sociability dimensions. In both cases males score more highly on the

dimensions than the females. This indicates that males are both

more dominant and more sociable than females. Male cheetahs are

known to only associate with females during oestrous where they

will monopolise them to prevent multiple matings (Gotelli et at

2007). Additionally cheetahs are known to be unusual amongst big

cats due to the existence of permanent male coalitions coupled with

the defence of small portions of a female's home range (Gotelli et at

2007). It is therefore reasonable to assume that male cheetahs

would score more highly on both the Dominance and Sociability

dimensions than females.

However it must be noted that within our relatively small sample

size different zoos implement different social housing conditions, for

example during the time of data collection Fota Wildlife Park held

ten animals, six of which were male and housed together, four of

which were female and were rotated individually on exhibit for

breeding purposes. Inherently this means that the males within our

test sample would have been housed in a situation that would en-

courage sociability to a greater extent than the housing of the fe-

males.

Implications for management

One of the main issues facing cheetah management in captivity is

the lack of breeding success. While we have not looked specifically

at this due to the small sample size of successful breeding groups

within the data set, our results could be used as a starting point for

future management recommendations. For example our results

suggest that building a relationship with your animals can reduce

Dominance personality scores and therefore associated behaviours,

but housing them in sight of prey can increase Dominance personali-

ty scores. However further research on the effect of Dominance

personality scores on breeding success is needed before firm recom-

mendations can be made.

One other important recommendation from the current research

is the development of a trait list that is tested for reliability and va-

lidity across a range of felid species would be beneficial. This could

consist of a short list of core personality traits (that are established

to be reliable and valid), so cross-study and cross-species compari-

sons can be made, and an additional list of species-specific traits if

they are needed by the researcher.
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Abstract

This study is based on an adult male fossa (Cryptoprocta ferox) that arrived at Garda Zoological Park

(Italy) exhibiting stereotyped and self-injuring behaviours and follows its subsequent rehabilitation

through a long-term environmental enrichment programme. Data were collected over a period of six

months. Continuous focal animal sampling was used to collect behavioural data during 90-minute

sessions; 24 sessions took place over the first two months and two sessions took place six months

after his arrival. Data were analysed using non-parametric tests. At the beginning of the study period,

the predatory behaviour of the fossa was not species-specific since he was not able to find food items

when they were hidden in the enclosure. It usually interacted with items for just a few minutes. Rub-

bing different scents on enclosure furniture promoted play only for a few minutes. After two months

of behavioural observations, its behaviour only improved slightly and stereotyped and self-injuring

behaviours were maintained. However, we continued the intense enrichment programme for a longer

period. Six months after its arrival rare undesirable behaviours or noticeable side effects were ob-

served whilst species-specific behaviours were recorded. Results showed that the environmental

enrichment curtailed the aberrant behaviours. In conclusion, this case study provides evidence sup-

porting the hypothesis that a suitable enrichment programme could have a therapeutic effect on

pathological behaviour in captive animals.

Background

Studies on the effects of environmental enrichment are largely

limited to zoo captive animals. Their findings confirm evidence

deriving from researches on laboratory animals by showing

that enrichment programmes are able to promote both brain

plasticity and animal welfare (Stewart and Bayne 2004). In

particular, zoo environmental enrichment can be used to im-

prove the physical and psychological well-being of captive ani-

mals (Young 2003).

The assessment of an animal's psychological well-being is

based on the response of the animal to its environment and on

the animal's ability to cope effectively with day-to-day changes

in its social and physical environment. Furthermore, the as-

sessment must be based on the absence of maladaptive or

pathological behaviour that results in self-injury or other unde-

sirable consequences and on the ability to engage in beneficial

species-typical activities (Mason et al. 2007). In captivity, zoo

animals have been known to exhibit stereotyped behaviours,

which are characterised as behavioural patterns that are re-

petitive, invariant, and with no obvious function (Mason 1991).

These patterns are thought to be caused ultimately by artificial

environments that do not allow animals to satisfy their typical

behavioural needs and can actually cause harm to the animals

(Clubb et al. 2006). Enrichment is one of the most common
approaches to enhance the quality of captive animal care and,

therefore, to improve the animal's physical and psychological

welfare (Shepherdson et al. 1998).

In March 2009, a captive adult male fossa (Cryptoprocta

ferox) arrived at Parco Natura Viva - Garda Zoological Park

(Italy). In the wild the fossa is a solitary species active both

during the day and at night. Its diet consists mostly of small

mammals and birds, but also includes reptiles, frogs and in-

sects. It is a powerful predator, and has keen senses of vision,

hearing and smell (i.e. variable home range which they scent

mark with secretions from their anal glands). Moreover, it is an

excellent climber, and uses its long tail to provide balance

when pursuing prey through the trees (MacDonald 2001). On

arrival, his behaviour was not species-specific. Indeed, even if

the enclosure was supplied with climbing apparatus, the fossa

never exhibited climbing ability using branches and relatively

fine ropes. Furthermore, he did not seem able to properly

climb trees and leap from branch to branch, as his body did not

appear heavily muscled and his tail did not act as a balancing

organ. In addition, this individual showed serious behavioural

problems such as agitation, high levels of repetitive pacing, and

pathological behaviours that resulted in self-injury and self-

mutilation. The behaviours of this individual resembled those

of humans with post-traumatic stress disorder (e.g. Mallonee

and Joslin 2004).

Action

The space available to the fossa was structured, usable, and

complex and there was also structural enrichment. In addition,

a very intensive enrichment programme was planned to im-

prove the physical and psychological well-being of this animal.

A variety of whole food items was presented to encourage

usual food processing behaviours by the fossa. Chicken, rabbit,
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quail, and eggs were hidden in the enclosure. Manipulative items

(i.e. logs, plastic barrels, cardboard boxes, etc.) were provided and

different scents (i.e. spices, herbs, etc.) were rubbed on the enclo-

sure furniture. This type of enrichment programme was planned to

enhance species-specific behaviours, such as exploration and olfac-

tory behaviours, by providing different kinds of stimuli. In addition,

the programme involved a positive reinforcement training (PRT)

session, on the basis of positive rewards (i.e. pieces of meat), to

train the fossa to discontinue the repetitive pacing behaviour by

performing species-specific behaviours. Participating in appropriate-

ly designed training sessions can give animals some amount of con-

trol in their lives.

The 60-min PRT session was carried out once a day, in the morn-

ing (from 8:30 am to 9:30 am). Non-feeding (manipulative objects,

different scents, exhibit changes, etc.) and feeding enrichments

were alternately provided once a day in the mid-morning (11:00

am). The 90-min data collection started immediately after the en-

richment session (from 11:00 am to 12:30 am).

Data collection started immediately after arrival of the fossa

(March 19, 2009) and lasted over a period of six months. Since the

fossa behaviour was not species-specific, a behavioural report was

transmitted to the EEP coordination and the very intensive enrich-

ment programme was planned. Statistical analysis involved those

data collected from April 13 to September 9, 2009, parallel to the

implementation of the programme. Over this period behavioural

data were collected through 90-minute focal animal sessions (26

sessions in total). Twenty-four sessions took place over the first two

months and two sessions took place six months after his arrival.

Behaviours showed in the first (12 sessions) and the second month

(12 sessions) and, on the other side, in the "first phase" (first two

days of the first two months), "last phase" (last two days of the first

two months), and "post phase" (six months after his arrival), were

compared to analyse the behavioural progresses of the fossa over

the period. Time duration of behaviours was sampled. Data were

analysed using non-parametric tests and the single-case approach.

The single-case approach refers to researches in which the phe-

nomena of interest are studied using a single subject (also referred

to as N-of-1 designs or single-subject research). Single-case research

designs have a long history in psychological science, which demon-

strates the enduring value of such approaches (Barlow and Hersen,

1984). In single-case designs, data derive from a single case or small

group of cases and there are multiple observations per individual

per condition, so that the commonly used group design methods are

not appropriate.

Non-parametric tests such as randomization tests are useful in

single case studies and the magnitude (e.g. mean) of behavioural

performance for each condition can be appropriately evaluated (Box

et al. 1994). Over the last few years the statistical approach to sin-

gle-case data analysis has increased in popularity and sophistication

(Franklin et al. 1997).

In all tests, the significance level was set to 0.05 (Siegel and Cas-

tellan 1992). StatView for Windows and Macintosh (version 5.0)

was used for all the analyses.

Consequences

Fossa behaviours over a two month period

Results suggested that stereotyped were the most common behav-

iours. There was a decrease in stereotyped behaviours between the

first month (12 sessions) and the second month (12 sessions) of

behavioural observations. Furthermore, there was a significant

increase in enrichment interaction (Wilcoxon Test: Z = -1.988; P =

0.0469) and foraging (Wilcoxon Test: Z = -2.803; P = 0.0051) and a

significant decrease in locomotion (Wilcoxon Test: Z = -2.275; P =

0.0229) in the two month period. Nevertheless, the stereotyped

(STE) behaviour was always more common than other behaviours
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Figure 1. Comparison of different behaviours between the first (12 sessions) and the

second month (12 sessions). MAR = Marking; AGR = Aggression; ENI = Envrichment

Interaction; EXP = Exploration; LOC = Locomotion; FOR = Foraging; STE = Stereotype;

INA = Inactivity. Behavioural mean duration was collected; error bars stand for the

standard deviation; * P = 0.05.

such as scent-marking (MAR), exploration (EXP), inactivity (INA),

locomotion (LOC), and foraging (FOR) (Figure l).These results under-

line some beneficial effects on fossa behaviour, provided by the

enrichment programme, even if the changes were very subtle.

"First phase" vs. "last phase" vs. "post phase" six months after

arrival of the fossa

The use of the intense enrichment programme for six months, after

the fossa's arrival, resulted in an improvement in natural behaviours

and reduced maladaptive self-directed behaviours. Based on the

analysis of behaviours performed during the "first phase", "last

phase", and "post phase" (six months after his arrival), there was a

significant change in the performance of abnormal and normal be-

haviours over six months (One-Sample Test: First Phase, P = 0.0156;

Last Phase, P = 0.0156; Post Phase, P = 0.0078). In particular, the

fossa showed less stereotypy in the "post phase" compared with the

"last phase" and "first phase" (Figure 2). Indeed stereotypy was

always more common than normal behaviours in both "first phase"

and "last phase"; on the contrary normal behaviours became more

common than stereotypy in "post phase".
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Figure 2. Comparison of different behaviours between the first and last phases (over 2-

month period) and the post phase (6 months after his arrival). MAR = Marking; AGR =

Aggression; ENI = Enrichment Interaction; EXP = Exploration; LOC = Locomotion; FOR =

Foraging; STE = Stereotype; INA = Inactivity. Behavioural mean duration was collected;

error bars stand for the standard deviation; * P = 0.05.

After two months of behavioural observations, the fossa's be-

haviour improved slightly; however, stereotyped and self-injuring

behaviours were maintained, despite the intensive enrichment pro-

gramme. The predatory behaviour of the fossa was not species-

specific (Garbutt 2007) since the fossa was not able to find food

items when they were hidden in the enclosure. He usually interact-

ed with items for just a few minutes and rubbing different scents on

enclosure furniture promoted play only for a few minutes. Howev-
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er, we decided to continue the intense enrichment programme for a

longer period (Abello et al. 1999).

Behavioural data recorded six months after his arrival showed

rare undesirable behaviours or noticeable side effects. Results

showed the environmental enrichment curtailed the aberrant be-

haviour. The fossa was rehabilitated due to an intense enrichment

programme that was designed to stimulate all five senses of this

carnivore (Allard et al. 2003; Kleiman et al. 2010). The design of the

exhibit was also helpful because it allowed the fossa to perform

many species appropriate behaviours.

This case study is an example of how good management of cap-

tive animals provide an invaluable support to reach an acceptable

level of psychological and physical well-being (Hosey et al. 2009). In

addition, the present study reports evidence that an appropriate

environmental enrichment programme could be a therapeutic tool

for managing pathological behaviour in captive animals (Carrasco et

al. 2009).
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