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Abstract
Predictable feeding in zoos: research methods and behavioural effects

Joanna Kelly Bishop

The behaviour of zoo animals can come to anticipate temporally predictable
feeding times. However, there is a lack of consensus over the effects of such
routines on behaviour and welfare. Few studies have been published in this area,
perhaps in part due to methodological challenges. The current programme of
work therefore aimed to extend knowledge on the effect of predictable feeding
routines, and to develop a suitable methodology to overcome challenges.

Prior to predictable feeding, tigers showed patterns of increased ‘active’
behaviours such as locomotion and pacing, and decreased inactivity. Geckos
also showed increased ‘active’ behaviours such as locomotion and ‘stationary but
moving head’ prior to predictable, compared to unpredictable feeding times, with
significant differences between conditions (RSS = 0.059 and 0.047, p < .05).
However, anticipatory patterns were not demonstrated for meerkats, which
highlighted that other environmental factors may affect an animal’s response to
temporal predictability (such as obtaining other food during the day, or signalled
predictability).

Studying patterns of behavioural change over time requires long periods of
observation which is often not possible for researchers. The current programme
of work argues that a measure which can be reliably used by many, relatively
untrained observers is necessary to study predictability. The measure of
‘busyness’, a subjective rating of animal behaviour, was tested for reliability and
validity. Busyness ratings showed good inter-observer reliability (ICC > .72) and
correlated with traditional measures of behaviour. Busyness ratings
demonstrated clear patterns related to feeding time and gave a useful compound
measure of behavioural change. The use of multiple observers was extended to
a citizen science approach, where useful data on anticipation in fish were
obtained from aquarium visitors using a touch screen.

The current programme of work successfully investigated the effects of
predictable feeding routines on patterns of animal behaviour, alongside the
development of suitable methods. The qualitative techniques developed here
offer potential to increase the data obtained in future research into predictability
and many other topics.
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Appendix 7.3.2: Graph to show the number of touch screen responses for
research question 2 regarding the busyness of the fish on the left of the tank
for dates matched to the student baseline phase (i) and intervention phase

Appendix 7.3.3: Graph to show the number of touch screen responses for
research question 2 regarding the busyness of the fish on the right of the tank
for dates matched to the student baseline phase (i) and intervention phase
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Chapter 1. Introduction

Chapter 1

Introduction to the effect of routines on animal

behaviour

1.1. Introduction

The environment poses many challenges, to which animals show both physical
and behavioural adaptations. The behaviour of captive animals, can be affected
by many factors, some of which are specific to the captive environment (see
Hosey, 2005 and Morgan & Tromborg, 2007 for examples). For example,
behaviour might be affected by aspects of animal housing such as enclosure
size, shape and furnishings (Carlstead, Fraser, et al., 1999; Hogan et al., 1988;
Lyons et al., 1997; Ogden, et al., 1993), and the presence of visitors can also
affect zoo animal behaviour (Fernandez et al., 2009; Hosey, 2000). Another
major influence on the behaviour of captive animals is their husbandry; the
events imposed upon them by their keepers. The keepers themselves and their

actions can also affect animal behaviour (e.g., Hosey, 2008; Mellen, 1991).

Whilst it is obvious that environments have a physical structure, it could be
argued that they can also have a temporal structure. That is to say, changes in
the environment may occur regularly, and that regularity might be seasonal,
monthly, daily or according to some other cycle. Behavioural adaptation to the
temporal structure of zoo environments is the focus of the current programme of
research, although literature from other captive environments (such as

agricultural and laboratory environments) will be included as relevant.
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Many ecologically significant events occur with a temporally predictable pattern,
hence temporal behavioural adaptation is important. Synchronisation of
behaviour with events in the environment is evident in many organisms
(Mistlberger & Rusak, 2005) and research on such synchronisation will be

discussed in the following review.

Captive animals, in their human-managed environments, experience many timed
events to which they might behaviourally adapt. These include natural events
such as the 24-hour light/dark cycle, and human-imposed events such as the
arrival of zoo visitors or staff. Captive animals rely on their keepers to provide for
their needs such as feeding and cleaning, and in the daily lives of the keeper
these events can form a routine, and become fixed at certain times of the day.
However, the timing of these events is often not considered in terms of how it will
affect animal behaviour, despite evidence that it can influence behaviour and
welfare (Berger, 2011; Waitt & Buchanan-Smith, 2001). Events may also be set
purposefully at certain times, for example, feeding times might be set to allow
viewing by zoo visitors. Relative to wild conspecifics, captive animals live in
predictable and structured environments (Wemelsfelder & Birke, 1997). When
events become temporally structured in this way, there is potential for the
behaviour of the animals to show adaptations to their regular occurrence, such

that it anticipates them.

The predictability of an event is the degree to which the occurrence of that event
can be forecast. Events that can be predicted can potentially lead to a change in
behaviour prior to the onset of the event, in anticipation of the event or
reinforcement offered. Bassett and Buchanan-Smith (2007) identified two main
types of predictability: temporal and signalled. Temporal predictability refers to
the regularity with which an event occurs at a particular time of day, or according
to a particular time schedule, whereas signalled predictability refers to the
reliability with which a particular event is preceded by a signal or cue, which can
occur irrespective of the time of day. Signalled predictability can be a
confounding variable in studies of temporal predictability, as discussed further in
Section 1.4.3, and there is not always a clear separation between the different
types of predictability in the literature. The work presented in this thesis will focus
on temporal predictability (henceforth referred to as predictability or temporal

2
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predictability); however reference will be made to signalled predictability where
relevant (henceforth specifically indicated as signalled predictability), and in
reviewing the literature, both types of predictability will be included due to the

above-mentioned lack of separation.

The following is a review of some of the literature on timing in animals, and of
some of the issues surrounding predictability and anticipation, and corresponding
behavioural changes. It will focus on the behaviour of captive animals, as this is

where most of the experimental studies have taken place.

1.2. Animal Timing

In order to investigate the effects of temporal predictability, it is first necessary to
give a brief review of the mechanisms of timing in animals. There are different
traditions in timing research. One tradition is that of chronobiology, which
involves the study of synchronisation of behaviour with environmental rhythms.
Research in chronobiology has shown that animals display behavioural rhythms
with different periods. Examples include circadian rhythms that are based around
a daily light-dark cycle, and circatidal rhythms that are based around the timing of
tidal systems. These rhythms can persist in the absence of time cues (free-run),
and so appear to be endogenously generated and self sustaining (Mistlberger &
Rusak, 2005).

Biological rhythms are repeating patterns which occur within a set time period.
For example, circadian rhythms have a period of one cycle per day that differs
slightly from 24 hours in constant conditions. This rhythm is thought to be
produced by an endogenous oscillator which measures duration or elapsed time
against the progression of the cycle, and can be synchronised to an
environmental cycle such as day length. This environmental cycle is known as a
zeitgeber, and the process of synchronisation is known as entrainment
(Mistlberger & Rusak, 2005). The phase and period of the internal clock of
diurnal animals becomes entrained to the light cycle, and is thought to involve a
light entrainable oscillator (LEO) located in the suprachiasmic nucleus of the

hypothalamus (Mistlberger, 2011). This LEO controls the synchronisation of daily
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patterns of behaviour such as waking up as it gets light and going to sleep as it
gets dark in diurnal animals. In addition to the LEO, it has been hypothesised
that a food entrainable oscillator (FEO) also exists (Mistlberger, 2011), as
patterns of behaviour can also be synchronised around feeding times (e.g.,
Herrero et al., 2005; Piccione et al., 2007; Sulzman et al., 1977). However the
FEO system is not as clearly understood as the LEO (Challet, 2010; Mistlberger,
2011).

Another tradition in timing research is the study of short intervals, often as brief
as a few seconds. There are a variety of procedures used to investigate timing in
this way, and these studies are generally carried out in laboratories with animals
such as rats or pigeons. The animals are usually required to perform a response
such as pushing a lever or pecking a key in order to obtain reinforcement (such
as food), and various interval schedules, such as Fixed Interval (FI) procedures,
can be used (Lejeune & Wearden, 2006). In Fixed Interval (FI) procedures, there
is a set length of time (t) between reinforcements, and a lever press will not result
in reinforcement until that time has elapsed (Lejeune & Wearden, 1991). After
training on an Fl schedule, animals can soon show temporal regularities in their
lever pushing response. The pattern shown is of few or no responses early in the
interval, which increase in frequency to a peak at or near to the fixed interval
value (which show a scalloped curve when plotted on a graph) (Dews, 1978;
Lejeune & Wearden, 2006).

A number of theories have been put forward to explain animals’ abilities to
discriminate time on these short interval studies, and these are explained in detail
in other literature. For example, the Scalar Expectancy Theory (SET) (Gibbon,
1977), the Behavioral Theory of Timing (BeT) (Killeen & Fetterman, 1988) and
the Learning to Time Theory (LeT) (Machado, 1997). The various theories and
traditions of timing are not necessarily mutually exclusive, and may all contribute
to timing mechanisms (Mistlberger, 2009). It may not necessarily be clear which
mechanisms are relevant to the study of predictable husbandry events, however
these theories serve to demonstrate that predictable events can influence

patterns of animal behaviour.
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Whilst circadian timing concerns periods of around 24 hours, and short interval
timing concerns intervals of seconds or minutes, there is little research into
intermediate time intervals. One exception is a study by Crystal (2001) where
rats (Rattus norvegicus) were given access to a meal at intervals of 14, 22, 22.5,
24, 25.5, 26 and 34 hours. The rats were observed to inspect their food
dispenser with increasing frequency prior to, and in anticipation of the feeding
time, however this anticipatory behaviour was less accurate for those feeding
intervals less than, and greater than 24 hours, with greater variability in timing
ability demonstrated at these times. Such variability would not be expected
under the principles of short interval timing (scalar timing, as described by Gibbon
[1977]), suggesting that short interval mechanisms were not used at these
intervals. The greater accuracy around 24 hours demonstrates the strength of
circadian timing. Whilst it is possible that that a greater number of exogenous
cues (such as day length and daily patterns of human activity) were available to
entrain timing of 24 hour intervals, this study serves to demonstrate a difference
between the mechanisms of short interval and circadian timing. However, whilst
more variable, the rats did show timing ability to these non-circadian times, and in
a later study (Crystal, 2006) timing ability was demonstrated at 16 and 21 hours.
It was therefore suggested that there may be another, long interval oscillatory
mechanism used to time long intervals outside of the circadian range (Crystal,
2006).

In the captive environment, there are many events such as feeding or husbandry,
which occur at intervals that are much longer than a few seconds. For example,
these events may only occur once or a few times each day, or once every couple
of days (for example large felids on ‘feed and starve day’ timetables as
mentioned in Chapter 3). There is much evidence, particularly from laboratory
studies, to suggest that events occurring at predictable times, such as a fixed
feeding routine, can affect patterns of behaviour. For example, Gee et al. (1994)
found that goldfish (Carassius auratus) showed increased lever pressing in the
time leading up to a predictable feeding time on a 24 hour cycle, and Aschoff and
von Goetz (1986) showed increased tugging at a food cup by squirrel monkeys
(Saimiri sciureus) to obtain food in the time leading up to a predictable daily feed

time.



Chapter 1. Introduction

Animals have also been observed to show changes in behaviour prior to
predictable events that do not involve an operant response (such as lever
pressing). For example, animals may show Food Anticipatory Activity (FAA) prior
to a predictable feeding time. This activity has typically been described as
increased wheel running or other forms of locomotion or movement, often
recorded by movement past an infrared motion detector. Food anticipatory
activity has largely been studied in small mammals, including rats (Mistlberger &
Rusak, 1987), mice (Mus musculus) (de Groot & Rusak, 2004) and Syrian
hamsters (Mesocricetus auratus) (Abe & Rusak, 1992), or in fish, including tench
(Tinca tinca) (Herrero, et al., 2005), trout (Oncorhynchus mykiss) (Chen &
Tabata, 2002), golden shiners (Notemigonus crysoleucas) (Reebs & Lague,
2000), greenback flounder (Rhombosolea tapirina) (Chen & Purser, 2001),
Japanese sea catfish (Plotosus japonicus) (Kasai et al., 2009), Arctic charr
(Salvelinus alpinus) (Brannas et al., 2005) and sea bass (Dicentrarchus labrax)
(Azzaydi et al., 2007). Increased activity in anticipation of food has also been
demonstrated in other animals such as mink (Mustela vison) (Hansen & Mgller,
2008) and in horses (Equus caballus) (Peters et al., 2012), where locomotion
increased prior to feeding, alongside other measures such as heart rate and

investigating behaviours.

Other behaviours have also been shown to change prior to predictable feeds, for
example Salazar-Juarez et al. (2003) demonstrated increased drinking behaviour
in rats in anticipation of a restricted feed. The range of anticipatory behaviours,

and the effects of predictable events will be discussed in Section 1.4.

1.3. A note on animal welfare

It should be noted that the predictability of certain events for captive animals, may
have effects that are relevant to the welfare of those animals. The concept of
animal welfare has been extensively researched, and hence is not repeated here.
However, it is important to recognise that there are certain behavioural and
physiological indicators which have, under certain circumstances, been used as

indicators of poor welfare state. Example welfare indicators are listed here, and
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will be used, in the current thesis, under the conditions and definitions set out by
the stated authors. For example, abnormal behaviours can be used as welfare
indicators (Mason et al., 2007; Mench & Mason, 1997), and can include
behaviours such as self-directed behaviours (Baker & Aureli, 1997; Castles et al.,
1999; Maestripieri et al., 1992) and stereotypic behaviour, such as pacing
(Mason, 1991; Mason, et al., 2007). Inactivity can, in certain circumstances,
have welfare implications in captivity, due to its potential association with obesity
(Bloomsmith & Lambeth, 1995). In addition to behavioural indicators of welfare,
physiological indicators such as gastric ulcers or high levels of ‘stress’ hormones
such as glucocorticoids (e.g., Lane, 2006) have been taken to indicate poor
welfare. All of these indicators can be indicative of differing levels of stress (as
defined by e.g., Broom & Johnson, 1993) and can hence indicate welfare state.

It is not the aim of this programme of work to provide a detailed evaluation of the
effects of predictability on animal welfare. There are a range of effects of
predictability (as discussed in Section 1.4), which occur in different situations,
and an overall effect on welfare cannot yet be determined based on the available
literature. However, it is evident that predictability has important effects on
animal behaviour, and welfare implications for such effects should be kept in

mind when reviewing the literature.

1.4. Effects of predictability

As discussed in Section 1.2, animals have been demonstrated to show
behavioural changes in response to predictably occurring events. However there
is a lack of consensus in the literature over the effects of such predictability, in
terms of the types of behaviour affected by predictability (temporal and/or
signalled), the anticipatory response of the animals, and the benefits (or
otherwise) of predictable and unpredictable routines. The following section
reviews some of the literature regarding the effects of predictable and
unpredictable routines, which is also shown in Table 1.1. As much of the
previous literature has examined the effects of predictability of aversive and

appetitive events separately, this structure will also be followed below.



Table 1.1: Summary of the literature concerning the effects of predictable and/or unpredictable routines, categorised by preference for, or
benefit of routines as either suggested by the authors or inferred from the results. N.B. this is a simplified version of these findings and
aversive event examples cover only a sample of the literature, as this was not the main focus of the current thesis. *Denotes study of
signalled predictability.

TEMPORALLY
PREDICTABLE /
UNPREDICTABLE

Predictable Preferred/Better

Unpredictable Preferred/Better

EVENTS

Reference Species Reason for categorisation Reference Species Reason for categorisation

Badia et al. Rats Preference for predictable Lawler et al. Rats Predictable shocks — greater

(1975) shocks (1984)* elevations in blood pressure

Badia et al. Rats Preference for predictable Miller et al. Rats Rats perceived predictable shock

(1973)* shocks (1983)* as highly aversive

Gliner (1972)* Rats Preference for predictable Pitman et al. Rats Predictable shock — higher
shocks, and fewer stomach (1995)* plasma corticosterone and

. ulcers than unpredictable. norepinephrine levels
Aversive events

Price (1972)* Rats Unpredictable shocks — more
ulcers and greater weight loss
than predictable

Weiss (1972)* Rats Unpredictable shocks — more
gastric ulcers than predictable

Galhardo et al. Cichild Predictable confinement —

(2011)* lower cortisol

Pérez -Padilla et Rats Unpredictable feeds — body Altman et al. Lions Predictable feeds — pacing prior

al. (2010) weight loss, low food intake & | (2005) to feed

Appetitive excessive wheel running
events activity

Prokasy (1956) Rats Preference for predictable food | Carlstead Felids Predictable feeds — pacing prior
delivery (1998) to feed

Steinhauer (1984) Rats Preference for predictable Jenny & Schmid Tigers Unpredictable feeds — decreased

small rewards over
unpredictable lager rewards

(2002)

pacing




Tablel.1
continued

Appetitive
events

Predictable Preferred/Better

Unpredictable Preferred/Better

Reference Species Reason for categorisation Reference Species Reason for categorisation
Ulm et al. Rats Unpredictable feeds — less Lyons et al. Felids Predictable feeds — pacing prior
(1987) weight gained & disruption of (1997) to feed
food utilization.
Carlstead Pigs Unpredictable signals — Mallapur & Leopards Predictable feeds — FAA,
(1986)* increased competition, Chellam (2002) restless and anxious behaviour
aggression and variation in prior to feed
weight gain.
Shepherdson et Fishing Unpredictable feeds —
al. (1993) cats decreased pacing & increased
behavioural diversity
Weller & Ocelots Predictable feeds — pacing prior
Bennett (2001) to feed
Ulyan et al. Brown Predictable feeds — more time in | Bloomsmith & Chimpan-  Unpredictable feeds —
(2006) capuchins  proximity, activity & social Lambeth (1995) zees decreased inactivity and
behaviour and lower cortisol abnormal behaviour
Fritz & Fritz Chimpan-  Unpredictable feeds used to
(1979) zees prevent aggression caused by
predictable feeds
Cairion- Atlantic Unpredictable feeds — higher Krishnamurthy Francois Predictable feeds — stress
Jones et al. salmon level of more severe fin damage | (1994) Langurs vocalisations prior to feed
(2012)
Sanchez et Sea Predictable feeds — lower Wasserman & Hamadr- Predictable feeds — aggression
al. (2009) bream cortisol and preparatory Cruikshank yas prior to feed
response (1983) baboons
Wilson & Wilson Chimpan-  Predictable feeds — aggression
(1968) zees prior to feed
Galhardo (2011) Cichild Predictable feeds — anticipatory
et al.* behaviour and higher cortisol
Brénnas et al. Arctic Predictable feeds — increased
(2005) charr aggression prior to feed
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1.4.1. Aversive events

There have been several studies carried out on the behaviour of animals in
relation to predictable and unpredictable aversive events (such as electric
shocks); however the majority of these have been conducted in laboratory
settings and have produced some mixed conclusions in terms of the benefits of

either schedule (see Table 1.1).

In preference test studies, where animals are given a choice between
unpredictable and predictable shocks, preference has been shown for predictable
shocks. For example, Badia et al. (1975) tested rats in an operant conditioning
chamber. Shock was delivered according to fixed-time (predictable) (60
seconds) or variable-time (unpredictable) (8-230 seconds) intervals and the rats
were able to switch from one shock schedule to the other for 3 minutes by
pushing the lever. A higher rate of lever pressing was shown in the rats able to
change from a variable to a fixed time schedule, than in the rats able to change
from a fixed to a variable schedule. This has led to the theory that an element of

predictability makes the shock less aversive (Bassett & Buchanan-Smith, 2007).

In addition to animal preferences for predictable aversive events, predictable
aversive events may compromise welfare less than unpredictable aversive
events, as symptoms of distress and compromised health have been associated
with unpredictable shock. For example, Gliner (1972) and Price (1972) found
increased occurrence of stomach ulcers in rats exposed to unpredictable, rather
than predictable (signalled) shock. Price (1972) also noted increased weight loss

in the unpredictable shock conditions.

In contrast, other studies have shown negative effects to be associated with
predictable, rather than unpredictable routines. For example, Pitman et al. (1995)
found that rats exposed to predictable (signalled) shocks had higher plasma
corticosterone and norepinephrine levels than those exposed to unpredictable
(signalled) shock. Lawler et al. (1984) found that, contrary to predictions,
predictable shock (signalled) resulted in greater elevations in blood pressure in
rats than unpredictable shock. It has also been suggested (Abbott et al., 1984)
that over long periods, predictable, rather than unpredictable shocks may be

more stressful.

10



Chapter 1. Introduction

Whilst some studies of rats have demonstrated a preference for predictable
shock (as described above), it has been suggested that rats actually ‘perceive’
predictable shocks to be more aversive than unpredictable shocks. For example,
Miller, Greco, Vigorito & Marlin (1983) trained water-deprived rats to discriminate
between high-intensity and low-intensity electric shocks by pressing ‘high
aversive’ or ‘low aversive’ levers to receive a reward of water. Results showed
that when the shocks were made predictable or unpredictable (signalled), more
‘high aversive’ lever pressing was shown when shocks were predictable,
indicating higher perceived intensity of the predictable condition. The authors

suggest that in this case, the signal may have acquired aversive properties.

Studies of predictable and unpredictable aversive events have therefore shown
mixed results, with neither routine clearly emerging as either preferred by the
animals or causing fewer physiological symptoms of stress. The results found by
Miller et al. (as described above), regarding higher perceived aversiveness of
predictable (signalled) shocks raises an important point over the different types of
predictability. Many studies of predictable aversive events use signalled
predictability. It is possible that animals may respond differently to signalled
rather than temporally predictable aversive events, which creates further

difficulties in drawing conclusions from the already mixed literature.

Whilst electric shocks have been the focus of the literature reviewed above,
shocks would not be expected to be routine events in the lives of most captive
animals. Research that may be more directly relevant has considered
confinement as an aversive event, for example Galhardo et al. (2011) found the
predictable confinement of cichlids (Oreochromis mossambicus) resulted in lower
plasma cortisol than unpredictable confinement. The authors therefore
recommended that husbandry procedures should involve reliable signalling of
confinement. Other events in the lives of captive animals also have the potential
to be aversive, such as cleaning, locking away at night, veterinary checks and
visits by crowds of zoo visitors (e.g., Hosey, 2000). It seems reasonable to
assume that the timing of these potentially aversive events could affect animal
behaviour and welfare. However, as yet there is little research to inform

decisions on their timing
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1.4.2. Appetitive events

There are many potentially appetitive events in the lives of zoo animals, including
feeding and the provision of environmental enrichment. As described in Section
1.2, there is evidence, mainly from laboratory studies, to suggest that predictable
feeding times can affect animal behaviour, such that behaviours change in
anticipation of the feed. However, as for studies of aversive events, there is a

lack of consensus over the effects of predictable and unpredictable routines.

In some early laboratory-based preference tests, animals were shown to have a
preference for predictable appetitive events. For example, rats were found to
show a preference for the side of a maze in which food was consistently provided
after a delay of 30 s, compared to the side that offered food on only half of the
trials (Prokasy, 1956). Rats have also been shown to demonstrate a preference
for small rewards when given consistently after a 15 s delay (predictable), over
larger rewards given on only 50% of occurrences after the same delay
(unpredictable) (Steinhauer, 1984). However, preferences between different
types of schedule are not always demonstrated; de Jonge, Ooms, et al. (2008)
gave pigs (Sus scrofa) the choice between levers offering food rewards according
to fixed or variable intervals of 8 seconds, to test the hypothesis that the pigs
would prefer an unpredictable schedule that more closely simulated wild
conditions. However, the pigs did not show such a preference. It is worth noting
that in many of the studies reviewed, the animals were domesticated, and
therefore may have behaved differently to wild or zoo animals. For example in
some studies of contrafreeloading, domestic animals such as hens have been
shown to choose the freely available food resource rather than working for
reinforcement as would be expected by contrafreeloading theory and as shown
by their wild counterparts (Schiitz & Jensen, 1999). If domestic animals show
these differences in behaviour then any possible effect of domestication on

preferences for predictability should also be considered.

It has been argued that predictable feeding schedules are better for animals
since predictability enables animals to make a suitable preparatory response
such as salivation (Prokasy, 1956) or insulin release (Ulm et al., 1987). Prokasy

(1956) theorised that the rats’ preference for the predictable side of the maze (as
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described above) was to enable a suitable preparatory response to the food
reinforcer (salivation), and that through this preparatory response, the food

provided a maximum reinforcement.

Whilst some preference tests have revealed a preference for predictable feeding,
in many captive environments, animals are not able to choose their feeding
routine and are restricted to the feeding routine provided by their keepers. Hence
the animals have little control over the timing of food presentation (see Section
1.4.3 for further details regarding control). Studies of the effects of such routines
must be made by observing changes in behaviour related to the routine, and as
will now be reviewed, a range of behavioural changes have been reported, with

uncertainty over which type of routine is better for animal welfare.

Some studies of predictability have found predictable feeding routines to be
associated with stereotypic behaviour such as pacing. For example, Carlstead
(1998) reported pacing in four felid species prior to feeding time. In another
study, Weller and Bennett (2001) examined the activity budgets of captive ocelots
(Leopardus pardalis) and found that pacing behaviour peaked in the morning,
prior to predictable feeding times, indicating anticipation of the feeding event.
However, it should be noted that this pre-feed peak in pacing was only found in
four of the six ocelots observed. Lyons et al. (1997) also reported greater levels
of pacing by various felid species in the hour before feeding, than in the hour
after feeding; anticipatory behaviour or frustration of appetitive behaviour were
suggested as reasons for this. However, this result was not statistically
significant (potentially an effect of the low sample size or variation between
individuals or species), and it could be expected that behaviour would differ
before and after feeding, therefore care should be taken in interpretation of such

a result, as discussed further in Chapter 2.

Abnormal and self-directed behaviours have been associated with predictable
feeding routines in stump-tailed macaques (Macaca arctoides) (Waitt &
Buchanan-Smith, 2001). The macaques’ rates of self-directed behaviour,
inactivity, vocalisation and abnormal behaviours increased significantly in the
hour prior to a predictable feeding time. Further, when feeding times were

delayed (and hence considered by the authors to be more unpredictable), these
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behavioural patterns were prolonged, suggesting that delays to a predictable
feeding schedule can increase the stress caused by ‘predictable’ routines.
However, this study used only normally occurring deviations to feeding time,
rather than a purposely designed schedule. As such, few repeat observations
were made of each feeding condition (early, on time, or late feeds) also, only 10
min observation periods within the hour prior to feeding were reported, which
limits the strength of subsequent conclusions, as is further discussed in Chapter
2. In addition, it could be questioned whether deviation from a predictable
feeding routine would cause the same behavioural response as a truly
unpredictable routine, which raises issues over what degree of variability in timing

is required to make a routine ‘unpredictable’ (as described further in Section 2.2).

Other behaviours associated with predictable feeding times include possible
stress vocalisations (PSV) in Francgois’ langurs (Trachypithecus francoisi)
(Krishnamurthy, 1994). These were vocalisations which were described as
“vocalisations related to stereotypic behaviour and possible stress under captive
conditions” (p.91), and were found to occur prior to feeding, associated with
stereotypic behaviours such as circling the enclosure. These vocalisations have

not been reported in the wild, and ceased soon after feeding.

Predictable feeding regimes have also been associated with aggression in some
primates prior to set feeding times, for example in Hamadryas baboons (Papio
hamadryas) (Wasserman & Cruikshank, 1983) and chimpanzees (Pan
troglodytes) (Wilson & Wilson, 1968). However, in contrast, Cafion Jones et al.
(2012) found that unpredictable feeding led to more severe aggression in Atlantic
salmon parr (Salmo salar). Cafion Jones et al. used fin damage as an indicator
of poor welfare, and found unpredictable daily feeding routines to result in a
higher frequency of, and more severe fin damage compared to those on
predictable feeding routines. It was suggested that this higher rate of fin damage
was due to a change in the social dynamics of the fish fed unpredictably, which
did not happen in the predictably fed fish. Overall levels of aggression were
higher in predictably fed fish, but unpredictably fed fish experienced poorer

welfare as they experienced more severe aggression.
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Some studies have succeeded in reducing behaviours associated with poorer
welfare, that have been observed under predictable feeding times, by reducing
the regularity of feeding regimes, thus creating unpredictable regimes. Jenny
and Schmid (2002) studied two Amur tigers (Panthera tigris altaica) who were
traditionally fed at the same place and time of day, hence feeding was temporally
predictable. Prior to the study, these tigers were reported to show stereotypic
pacing behaviour (up to 1.5 hr during 6 hr of observations). The authors
suggested that the pacing was due to permanently frustrated foraging behaviour
caused by the set feeding time, as any foraging attempts by the tiger throughout
the rest of the day would be unsuccessful, yet the motivation to forage would
remain, leading to pacing behaviour. Jenny and Schmid compared pacing
behaviour during traditional feeding (predictable) to an unpredictable condition in
which food was provided in electronically controlled feeding boxes, which made
food accessible only at unpredictable times. The provision of the feeding boxes
resulted in a significant reduction in daily time spent pacing, which suggests a
benefit of the unpredictable routine.

Whilst Jenny and Schmid’s study was successful in demonstrating a reduction in
pacing as a result of the feeding boxes, there are several extensions to this
research which may provide more informative results in terms of the tigers’
response to temporal predictability. Jenny and Schmid provided the different
feeding conditions for only 3 days at a time, and randomised the order of
condition presentation. Whilst differences were demonstrated between
conditions, the variability in the tigers’ routine caused by the changing conditions
may have affected the results, and it could be questioned whether the same
results, or any habituation effect would be seen if a longer period of exposure to
each condition was used. The authors do not report any data pertaining
specifically to pre-feeding times, or at times throughout the day. Such data would
be beneficial in order to determine the precise effect of the traditional, predictable
feeding time on patterns of tiger pacing. In addition, this study includes several
potential confounding variables; the feeding boxes required the tigers to actively
open them in order to obtain food, thus incorporating an element of control into
the tigers’ feeding behaviour (see Section 1.4.3 for further discussion of control),

the boxes themselves were novel objects and hence may have had enriching
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effects and they also resulted in the presentation of multiple feeds, placed in
different locations in the enclosure, all of which may have affected behaviour.
The authors themselves recommended further study in which food is provided at
unpredictable times by keepers, rather than by the feeding boxes, and this would
go some way to addressing the effects of these other variables, thus isolating the

effect of temporally unpredictable feeding.

Unpredictable routines have also been shown to be beneficial to primates. For
example, Bloomsmith and Lambeth (1995) studied 4 groups of chimpanzees that
had historically been fed on a predictable routine. Six months prior to the start of
the study, the predictability of the feed time was reduced for 2 of the 4 groups,
resulting in 2 predictably fed groups (fed at a mean time of 08:16 with a standard
deviation of 10 min) and 2 unpredictably fed groups (fed at a mean time of 09:08
with a standard deviation of 57.2 min). Data were collected using instantaneous
scan sampling every 30 seconds during 30 minute observation periods
immediately prior to the feed and during a comparison 30 minute observation in
the morning, taken at a time which did not conflict with other pre-feed times.
Higher levels of inactivity and abnormal behaviours were observed in the period
prior to the predictable feeding time, compared to the time prior to the
unpredictable feed and in the comparison observation session, and it was
suggested that feeding on an unpredictable schedule was associated with
increased species-appropriate behaviours.

In contrast to the studies described above, some researchers have found
predictable feeding routines to be more beneficial. For example, Ulyan et al.
(2006) studied brown capuchins (Cebus apella) on a predictable and
unpredictable feeding routine; in the latter, feeds were provided up to 2 hours
earlier or later than the set predictable feed times, on a random schedule. The
capuchins showed more time inactive and less time in proximity and engaged in
social behaviour in the hour before the feed in the unpredictable condition,
compared to the predictable condition. Higher cortisol concentrations were also
found in the unpredictable condition. The authors suggested that predictable
feeding schedules were therefore more beneficial to the capuchins. Ulyan et al.
exposed the capuchins to each condition for a long period (6 weeks), therefore
increasing the strength of the conclusions on the effect of the conditions (further
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described in Section 2.2). However, the unpredictable condition involved
deviations from a predictable routine, rather than a purposefully designed random
schedule, and it could be questioned whether results would be different using a
truly ‘unpredictable’ feeding schedule (as also mentioned above regarding Waitt
and Buchanan-Smith [2001], and further discussed in Section 2.2).

Pérez-Padilla et al. (2010) also reported negative effects of unpredictable
feeding, whereby rats showed excessive wheel-running, lower food intake and
greater weight loss, resulting in greater activity-based anorexia when fed on an
unpredictable schedule, compared to those on a predictable schedule. Similarly,
Ulm et al. (1987) found unpredictable feeding to result in less weight gain than
predictable feeding, which was interpreted as a negative effect within the
conditions of the study. Sanchez et al. (2009) reported that unpredictable feeding
of sea bream (Sparus aurata) resulted in higher cortisol than predictable feeding
and as a result recommended predictable feeding times as beneficial for fish

welfare.

The above review of the literature reveals a lack of consensus on the effects of
predictable and unpredictable routines. Even within studies there may be
conflicting conclusions. For example, Gilbert-Norton et al. (2009) compared
coyote (Canis latrans) behaviour on predictable and unpredictable feeding
routines, and found greater levels of scent marking and howling associated with
unpredictable routines which they concluded were at more species-typical levels,
thus positive welfare indicators, compared to predictable routines. However the
authors also suggested that increased howling and marking may have been due

to food-related frustration on the unpredictable routine.

1.4.3. Reasons for variation in the effects of predictability

A variety of behavioural and physiological effects have been demonstrated in
association with predictable and unpredictable routines. Reasons for this variety
may include differences between studies such as the experimental design, and
the subjects and their environment; indeed, an animal’s response to predictability

may be specific to a particular situation.
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There are many, often co-varying factors that could potentially affect the
predictability of events, and the animal’s response to that predictability. Such
factors include the type of predictable event such as aversive or appetitive, or the
type of reinforcement. For example, timing experiments have found that the
animal’s response differs with differing reinforcements, in terms of reinforcement
type (e.g., liquid or solid food) or magnitude (amount or duration of reinforcer)
(Lejeune, 1990). In studies involving an operant response from the animal, the
type of operant response can also be relevant. For example, pigeons show more
accurate timing with a perching response than with a key pecking response (as
described in Lejeune, 1990).

Other factors influencing an animal’s response to predictability may include its
internal state and motivation, previous experiences, and the species and feeding
ecology. For example, predictable feeding routines as reviewed in the current
chapter have been shown to cause, amongst other behaviours: aggression in
pigs and primates, pacing in carnivores, self-directed behaviours in stump-tailed
macaques, food anticipatory activity in a range of species and inactivity in
chimpanzees. Table 1.1 details some of these differing results. So far no
particular behaviour has clearly emerged as specifically constituting an
anticipatory response. Different species may differ in their responses to
predictability, and in their timing abilities and accuracy. Lejeune and Wearden
(1991) reviewed the literature on Fixed-Interval responding in different species
and found different responses. For example, “higher” animals such as cats and
monkeys showed good temporal regulation, rats and mice showed poorer
regulation at long intervals, and fish, turtle doves and turtles showed poorer
temporal regulation. It may therefore be necessary to consider each case
individually and determine what anticipatory behaviours are shown for the

particular species and circumstances under investigation.

Studies of predictability have differed in their methodologies. For example
different feeding schedules, observation lengths, study lengths, feeding times and
interpretations of ‘unpredictable’ feeding have been used. Such methodological
differences may be another reason for differences in the data. For example
whilst evidence exists for animal timing ability at short intervals (e.g., Lejeune &
Wearden, 1991) and for intervals close to 24 hours (e.g., Mistlberger, 1994) there
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has only been limited research into timing ability at other intervals such as a few
hours (e.g., Crystal, 2001). Hence there is currently a gap in the knowledge
regarding the effects of different routines, and the extent to which patterns of
animal behaviour can be affected by scheduled events at different intervals.
Issues of methodology are an important factor in the interpretation of studies of

predictability and will be further reviewed in Chapter 2.

There are also several potential confounding variables in the study of temporal
predictability which may affect the results. These include the amount of control
that an animal has over its feeding time, or its access to food, and also signalled

predictability, as described below.

Control

Studies into predictability are often confounded by aspects of control, for
example, Weinberg & Levine (1980) suggest that in many studies of predictable
aversive events, the variable of control is also introduced, and may itself affect
the response of the animal to the aversive event. If, in the process of providing
predictability (or unpredictability) to the animal, they gain greater control over the
event, such as the feeding boxes provided by Jenny and Schmid (2002) (as
described in Section 1.4.2), then it may be this, rather than predictability per se,
that accounts for the effects attributed to predictability. Relevant aspects of
control may include control over the event itself (e.g., feeding), or control over
elements of the animal’s environment, and the two may not be mutually

exclusive. Such concepts of control are developed below.

Bassett and Buchanan-Smith (2007) argue that the concepts of predictability and
control are closely related, and control is thought to be important to the welfare of
animals, (Wemelsfelder & Birke, 1997), with detrimental effects caused by a lack
of control (Mineka & Kihlstrom, 1978; Waitt & Buchanan-Smith, 2001). Bassett
and Buchanan-Smith (2007) reviewed the relationship between predictability and
control and formed the following hypotheses: 1) the effects of predictability and

control can be additive; 2) control can provide predictability, 3) a predictable
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situation provides an animal with control. They suggest that animals which live

without predictability or control will show behavioural problems.

Animals in captivity have reduced control over their environment, for example if
they cannot find food in their enclosure, or access to food is determined by the
husbandry regime and feeding times. Similarly, they have no control over events
such as the arrival times of zoo visitors. It should be noted that many studies of
predictability in laboratory conditions differ from zoo-based studies in that the
animals have some degree of control over their food delivery. Whilst the food
availability is still restricted to certain time periods, within those time periods the
retrieval of food is contingent on the animal’s own lever-pushing behaviour. Zoo-

animals are often restricted to their keepers putting the food into the enclosure.

It has been suggested that when control is absent, making events as predictable
as possible may aid animals in coping (Waitt & Buchanan-Smith, 2001) because
it gives them information about when the events will and, perhaps more
importantly, will not occur. This may enable the animals to make a preparatory
response (Prokasy, 1956), or give them information about a ‘safe period’ when
they know not to expect an event (Abbott, et al., 1984). The importance of such a
‘safe period’ was demonstrated for an aversive event by Weiss (1972); rats were
given electric shocks via an electrode attached to their tails, which meant that a
preparatory postural change to avoid the shock would be unsuccessful, and the
rat would still receive the full shock. The rats were exposed to either
unpredictable or predictable shock, and those exposed to the unpredictable
shock suffered from more gastric ulcers than those exposed to the predictable
shock. In the absence of a postural preparatory response, Weiss suggested that
it is likely that there was another reason for the predictable shock being less

stressful than the unpredictable shock, which could be timing of the safe period.

In contrast, it has also been suggested that in the absence of control,
predictability may be more aversive than unpredictability (Bloomsmith & Lambeth,
1995; Weinberg & Levine, 1980). In predictable environments (studies reviewed
in Section 1.4.2) animals can become locked into cycles of anticipating events,
but in unpredictable environments there is more potential and motivation for

animals to investigate and forage in their environment (Johannesson & Ladewig,
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2000). However, investigation and foraging are only possible when the captive
environment provides for these behaviours (Bassett & Buchanan-Smith, 2007),
and therefore allows the animal to afford some control over its environment. In
this respect, animals in zoos may be expected to respond differently to animals in
laboratories, as their semi-natural environment often allows for increased,
although not complete control, for example through opportunities for foraging, or
environmental enrichment (e.g., Sambrook & Buchanan-Smith, 1997; Young,
2003). One function of environmental enrichment objects can be to increase the
complexity of the environment and enable events such as feeding to be
contingent on the animals’ own behaviour (Carlstead, 1998). If factors such as
enrichment, and environmental complexity can increase control, and predictability
can affect behaviour in the absence of control, then it seems reasonable to
suggest that predictability may be less important in environments where the
animals have increased control, thus affecting an animal’s behavioural response

and hence contributing to some of the differing results found in the literature.

The relationship between predictability and control is complicated. However,
control is an important factor which should be considered in interpretation of

studies of predictability.

Signals and signalled predictability

The signalled predictability of events can affect animal behaviour, and can
become an extraneous variable in studies of temporal predictability. Animals can
use many different signals or cues to control behaviour, including endogenous
(internal) cues (such as metabolic processes, or timing mechanisms) or
exogenous (external) cues (such as light signals or keeper presence).
Exogenous cues will be the focus of the following section. There is substantial
literature which reports that animals can respond to events that occur after
predictable signals. For example, Dupjan et al. (2008) found that signals
indicating a forthcoming electric shock elicited vocalisations in pigs, in
anticipation of the shock. Signalled predictability may have effects over and
above those of temporal predictability. For example, Badia et al’s (1975) study
(as described in Section 1.4.1) where rats were found to prefer temporally
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predictable shocks over temporally unpredictable shocks, was extended to
introduce a condition where a signal (tone) was introduced to the temporally
unpredictable shock only. This led to a reversal of the preference, and the rats
preferred the signalled condition. This was taken to suggest that signalled

predictability is more important to animals than temporal predictability.

Animals often receive signals for events, and determining which cues are used by
animals can be challenging, especially outside of the laboratory. There are many
non-intentional factors that could become cues. For example, the sight of
keepers, noises from other enclosures, the sound or smell of food preparation,
particular behaviours by visitors or an increase in crowd sizes at feeding times,
as well as intentional factors such as keepers calling the animals or shaking their
keys, or specific sounds or lights. It is possible that the animals use a number of
different signals as cues to events. Studies intending to use a signal to cue an

event therefore need to take this in to account.

As mentioned above, it is possible that in studies on temporal predictability the
results may actually be confounded by predictable signals. Bassett and
Buchanan-Smith (2007) argue that this is the case in the study by Bloomsmith
and Lambeth (1995). In their study, chimpanzees fed on a temporally predictable
schedule showed higher levels of inactivity and abnormal behaviours in the
period prior to feeding than chimpanzees fed on a more unpredictable feeding
schedule. However, all of the chimpanzees could hear the vocalisations of the
other chimpanzees when receiving their food. This could have acted as a cue,
and in the case of the chimpanzees fed on an unpredictable schedule, this cue
was unreliable in that it was rarely followed by food. The behaviour of the
chimpanzees could therefore have been affected by the unreliable signal rather
than by the unpredictable time. Alternatively, temporal predictability may
confound studies of signalled predictability. For example, Polizzi di Sorrentino et
al. (2010) suggested that the feeding cues of keepers preparing food at
temporally predictable feeding times on weekdays led to an increase in grooming
behaviour in capuchins which was suggested to have conflict prevention
purposes. However, their control comparison time was around the same time of
day to the normal feeding time but on weekends instead, (when the capuchins
were fed at a different time). The authors suggest that this removed the element
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of feeding cues but controlled for the circadian variability of behaviour. However
it is possible that these results were confounded by temporal predictability, and
the capuchins were expecting feeding cues at this time. Therefore the reduction
in grooming at the control time may have been due to the performance of other
anticipatory behaviours (not reported) caused by the lack of arrival of an

expected feeding time.

Studies therefore run a risk of confounding temporal and signalled predictability.
In fact, as stated by Bassett and Buchanan-Smith (2007): “as yet, no studies
have separated the effects of signalled and temporal predictability of appetitive
events in an attempt to tease apart their relative importance to animals.” (p237).
Hence signalled predictability is another important consideration in interpretation
of studies into the effects of temporal predictability, and will be revisited in
Section 2.2.

1.5. Gaps in the literature, and rationale for the current thesis

This review of the literature revealed a range of behaviours associated with
predictable routines, with no clear consensus as to the effects or welfare benefits
of a particular routine. Regardless of the conclusions drawn in the literature over
the positive or negative effects of predictability, it seems clear that predictability
can have important effects on animal behaviour. Those effects may vary and
also be dependent on individual circumstances and situations, therefore more

research is needed in order to understand how predictability can affect behaviour.

Detailed research on the effects of predictability is limited, and often the results
are confounded by variables other than the temporal predictability of an event.
Most studies of animal timing have been carried out using rodents, fish or
sometimes birds in laboratory conditions. There are only a limited nhumber of
studies looking at animal timing in semi-natural environments such as zoos or
aquaria, and of these, there are few that specifically look at timing ability or
anticipation as the main focus of the study. One possible reason for this may be
due to methodological difficulties in obtaining sufficient data, as is the focus of

Chapter 2. Indeed, an original aim of the current thesis was to investigate the
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effects of temporally predictable feeding on zoo animals, but during this work it
became apparent that it was necessary to develop the methodology required for
such study. The current thesis therefore had two main aims: to investigate the
impact of temporally predictable feeding routines on zoo animals and, alongside
this, to develop a novel, qualitative methodology that would allow achievement of

that aim.

The first aim of the current programme of work was, therefore, to investigate the
impact of temporally predictable feeding routines, and the behavioural response
of animals to such predictability; looking at anticipatory behaviours, patterns of
behaviour over time, and the effects of temporally predictable and unpredictable
routines. The temporal predictability of feeding times was the focus of this thesis,
as feeding is the most commonly studied appetitive event, and an event which
can readily become fixed into a daily routine in captive environments. The
current thesis will add to the literature on timing abilities in animals living in semi-
natural (zoo or aquarium) environments. This will further our understanding of
anticipatory behaviour and timing capacity in different species, and will contribute
to knowledge of how housing and husbandry affects the behaviour of captive

animals.

It is evident that there are methodological problems when studying the effect of
predictability, as demonstrated by the differing studies reviewed in the current
chapter. These methodological problems are reviewed in Chapter 2. The
second main aim of the current thesis was therefore to develop a suitable method
for the study of predictability, to avoid some of the problems found in previous
research (this rationale is further developed in Section 2.3). Such methodology
was developed throughout this thesis, but with a particular focus in Chapters 4
and 7. Additional challenges to the study of predictability were identified during
the course of this programme of work and were incorporated into the

development of suitable methodology.

To outline the experimental chapters of the current thesis: Chapter 3 presents an
investigation of the effects of a temporally predictable feeding routine on the
behaviour of zoo-housed tigers. Methods were employed in an attempt to

mitigate some of the methodological short-comings of the previous literature (as
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detailed in Chapter 2) and to trial a novel, qualitative method of data collection
(see Section 2.9) which was designed for use by multiple observers. Chapter 4
reports how this novel method was further developed and tested for reliability and
validity in a controlled, laboratory situation. This method was then employed and
tested in Chapter 5, alongside traditional measures, in a field study of the effect
of a predictable feeding routine on zoo-housed meerkats. Chapter 5 also reports
on improvements to the traditional methodology (as detailed in Chapter 2) and on
an investigation into the effects of a predictable feeding routine on meerkat
behaviour, whilst expanding on Chapter 3 through the use of an experimental
design. Following on from the results of Chapter 5, in which certain
environmental conditions were found to be more variable than expected, Chapter
6 reports an investigation on the effect of predictable feeding on captive gecko
behaviour using an experimental design in controlled conditions. Finally, Chapter
7 reports how the qualitative methodology developed throughout this thesis was
trialled in a ‘citizen science’ study to test whether the method was suitable for use

by zoo and aquarium visitors to collect data on animal behaviour.

25



26

Chapter 1. Introduction



Chapter 2. Methodology

Chapter 2

A discussion of methodology

2.1. Review of previous methodology

A review of the literature (Chapter 1) found that studies of predictability fall into
one of three main categories. Firstly, there are those that specifically test an
animal’s ability to time using different time intervals and procedures, these
include tests of circadian timing, or fixed or peak interval procedures. Most of
these studies have taken place in laboratory settings using an operant task. For
example Lejeune (1971, as cited in Lejeune & Wearden, 1991), tested the timing
ability of domestic cats (Felis catus), where the cats had to press a lever for a
reinforcement of milk on fixed interval schedules of 120, 300, 600 and 900 s.
Data showed an increase in the frequency of lever pressing leading up to the
reinforcement time, suggesting an ability to time the interval and anticipate the

reinforcement.

In many captive environments, such as zoos, animals do not receive feeds as a
result of an operant response such as lever pressing; hence data cannot always
be collected using the methods employed in laboratory studies. The second
category of studies are therefore those which study the behaviour of animals on a
predictable feeding schedule and note changes in their behaviour prior to the
feed (sometimes as a side to the main aim of the study). These behavioural
changes are then interpreted as anticipation of the feed. These studies include a

greater number of zoo-based studies and are usually observational, with no
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intervention. For example, Mallapur and Chellam (2002) found that leopards
were significantly more active and showed restless and anxious behaviours prior

to set feeds.

The third category includes studies which compare the effect of predictable and
unpredictable routines on animal behaviour, some of which look at the general
activity budget, and others are more focused on the behavioural expression
directly before the feeds. These studies have been carried out in a variety of
locations such as farms, laboratories and zoos. For example, Johannesson and
Ladewig (2000) studied the behaviour of dairy calves subject to predictable and
unpredictable feeding times. Results showed little difference in calf behaviour
between predictable and unpredictable routines, however it was found that for
those calves that were accustomed to a predictable routine, delays to feeding
and hence deviations from the predictable schedule, were associated with

increased ‘comfort’ (licking or scratching self) and eating behaviour.

For the purposes of this methodology review, a formal literature search was
carried out using the Web of Science search engine (Thomson Reuters, 2011),
with search terms related to predictability and feeding regimes (as detailed in
Appendix 2.1). It was necessary to carry out multiple searches due to the high
number of key words which could be associated with this research, and these
searches were carried out on 24/09/2011, for the time span “All Years”. Search
results were filtered manually to extract all experimental (i.e. excluding review or
theoretical) papers that were clearly relevant to the topic of predictability of
appetitive events in captive animals. Papers with a neuroscience, nutritional or
biochemical theme were excluded, as were papers that solely focussed on spatial

predictability.

A total of 52 papers were found to be relevant according to the above criteria,
and of those, only 17 were found that compared predictable and unpredictable
appetitive events, four of which focused on signalled predictability not temporal
predictability. These 17 studies used different techniques to compare predictable
and unpredictable routines. One of these comparison studies compared the
results of only physiological measures (weight gain) and three studies used

preference tests or operant tasks to study animals’ choices of unpredictable or
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predictable conditions. Thirteen studies (of the 17 comparison studies) recorded
behaviour in response to unpredictable and predictable routines, and four of
these 13 studies also used physiological measures such as growth, weight and

cortisol levels in addition to behavioural observations.

In terms of the techniques used, of the 13 studies which included behavioural
data, three collected indirect data on locomotion by counting turns of a running
wheel, or breaks of an infra-red photocell beam. The remaining 10 studies used
more traditional measures of behavioural sampling: scan (n=4), continuous (n=4),
all occurrences (n=1), and a combination of methods (n=1). Therefore of the
original 52 papers retrieved in this literature search, only 10 compared
predictable and unpredictable appetitive events using types of behavioural
observation methods that are commonly used in zoo environments. These

papers are summarised in Table 2.1.

29



Table 2.1: Summary of the behavioural observation methods used in the literature which compares predictable and unpredictable routines.

Study Length of Reference Species Sampling Study length Observations Within/between
duration observation method subjects design
category per day
2 days training on feeding . . -
Galh tal. 1 I ts at t I
(zez)li;do eta Cichlid :;:?nn lin condition, followed by 1 day of grS?iQLp Ing points at 5 min intervals Within
Short pling test trials P '
duration of ; ; ;
Gilbert-Norton . 2 hour daily observations on 5 days per
animal <2hrs et al. (2009) Coyote Continuous 12 treatment days coyote Between
experience of ) I '
routine (s 15 Noguieraetal.  Collared Continuous 15 days per feeding condition 5 mins per individual Within
days) (2011) peccary
>2hrs n/a n/a n/a n/a n/a n/a
Bloomsmith & . Scan Feeding condition changed 6 30 mins prior to feed and 30 mins at
Lambeth (1995) Chimpanzees samplin months before study, followed another time of da Between
Piing by 25 days of observation y
. All .
Long duration <2 hrs Carlstead (1986) Pigs occurrences 13 weeks 15 mins before feed Between
of a'nlmal Ulvan et al Brown Scan 1 hour pre-feed and 1 hour post-feed
experle.nce of (22)106) ’ capuchins samolin 6 weeks per condition on 29 days (predictable condition) and Within
ro!.ltlne P piing 33 days (unpredictable condition)
duration (> 15 -
days) Johannesson & . . 48 hours of observation when the
Ladewig (2000) Dairy calves Various >8 days calves were 5 weeks and 8 weeks old. Between
>2hrs
Shepherdson et . 1 month per experimental . . s
L 24 h f dail With
al. (1993) eopard cats  Continuous condition (plus 8 days baseline) ours of daily observation ithin
Mi?ﬂ?d Waitt and Stump-tailed  Scan 20 sessions on schedule feeding, 10 mins per group of macaques in hour
conditions <2hrs Buchanan- macapues <amolin 4 sessions early feeding, 5 before fepediﬁ P q Within
(days of Smith (2001) g piing sessions delayed feeding &
unpredictable
Stud 72 days:3d
and . . Y?) ays: 5 cays per Study a) 360 min per day on 3rd day of
redictable Jenny & Schmid . . condition (repeated). Study b) . . . .
P : >2 hrs (2002) Amur tigers Continuous 48 davs: 1 dav per condition feeding regime. Study b) 330 min per Within
feeding ¥s: yp day on 3rd day of feeding regime.

interspersed)
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2.2. Limitations of previous methods

The following section gives details of some of the limitations and methodological
challenges that are apparent in the studies of predictability outlined above,
including those noted whilst reviewing the literature, and those noted by the
authors themselves. The focus of this section will be on those 17 papers found to
compare predictable and unpredictable routines; however other relevant papers
from the above literature search on predictability and anticipation will also be

included, where relevant.

The extent to which studies can elucidate patterns of behaviour associated with
predictable routines is determined by the sampling period used, and in many
cases it does not seem adequate. Predictable feeding is likely to affect patterns
of behaviour over an extended period of time, yet of the 10 studies using
behavioural observation detailed above (Section 2.1 and Table 2.1), only three
report more than 2 hours (total) of behavioural observations per day. For
example Waitt and Buchanan-Smith (2001) reported behavioural data for only 10
minutes in the hour before feeding time. Bloomsmith and Lambeth (1995)
studied chimpanzee behaviour on predictable and unpredictable routines by
observing behaviour in 30 minute, pre-feed observation sessions and in
comparison 30 minute, non-feeding sessions. The latter were taken at a time
which best matched the general morning activity levels of the chimpanzees whilst
not conflicting with another pre-feed time. This enabled comparison of the
different sessions; however Bloomsmith and Lambeth’s study was not designed
to investigate behavioural changes over the time leading up to predictable
events. It may be advantageous, in future work, to consider behaviour over more
extended periods of time, so that the full ramifications of a predictable routine can
be appreciated. Care must be taken if comparing behaviour in pre-feeding time
observation sessions, to another observation session, that any differences in

behaviour are not just time of day effects.

Some studies have compared the behaviour of animals directly before feeding
and directly after feeding, for example, Weller and Bennett (2001) compared
pacing behaviour in ocelots in the 30 mins prior to and following the feed. Care
must be taken when interpreting results such as these, since it would be
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expected that animals would behave differently just after being fed. The
difference between the two samples therefore may not be due to anticipation
prior to the feed, but due to post-feeding satiety. Results of an unpublished
thesis (hence not found in the above Web of Science search) by Sandhaus
(2004) on the feeding regimes of giant pandas, found that behaviours (e.g.,
inactivity) during pre-feed and post-feed observation sessions differed
significantly from each other, but they also differed from behaviour during non-
feed observations taken at a different time of day. This highlights the importance
of including observation sessions at a different time of day to the feeds, to
provide a control. Post-feed data can however, add to a study when combined
with a comparison of predictable and unpredictable feeding times. Ulyan et al.
(2006) compared the pre and post feeding behaviour of brown capuchins on
predictable and unpredictable feeding routines (see Section 1.4.2). Results
showed differences in behaviours such as inactivity and social behaviour in pre-
feeding sessions, between the routines, hence the effect of the routine was
demonstrated. It was also found that when the capuchins were fed on an
unpredictable schedule, they showed increased ‘tension’ behaviours in the post
feed session when fed early compared to when fed late or on time, thus the post

feeding data was of benefit to the study.

Predictability studies can be negatively impacted by small sample sizes and a low
number of repeat observation sessions. For example in their study of stump-
tailed macaques, Waitt and Buchanan-Smith (2001) collected data during only 4
sessions of early feeds and 5 sessions of late feeds, compared to 20 sessions of

on-time feeds; thus data on early/late feeds may be less reliable.

Johannesson and Ladewig (2000) observed calf behaviour in only two
observation sessions during the course of their study; once when the calves were
5 weeks old, and again when they were 8 weeks old. Whilst these observation
sessions lasted for 48 hours and, as discussed above, the longer observation
period is associated with advantages; greater numbers of repeat observations
would be beneficial in revealing further patterns of developing anticipatory

behaviour.
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In the literature found comparing behaviour in unpredictable and predictable
conditions, the length of time animals were exposed to each condition varied
from, for example, 1 day (Jenny & Schmid, 2002) to 13 weeks (Carlstead, 1986).
It is unlikely that short exposure to a feeding condition would be enough to
establish its effects in terms of development of patterns of behaviour, hence

longer exposure is necessary.

The shorter the study, the more likely that results are not due to the type of
routine but rather a consequence of the change in routine. For example, Gilbert-
Norton, et al. (2009) studied the behaviour of coyotes on either predictable or
unpredictable feeding routines. However, the coyotes were accustomed to being
kept on a predictable routine, and during the experiment were exposed to only 16
consecutive days of unpredictable feeding. It is therefore possible that the results
reflected the effect of changing to a less predictable routine, and not the effect of
the unpredictable routine itself. Indeed, Sandhaus (2004) suggests that animals
should be observed over a longer period of time, in case the behaviour observed
initially is a learning period, and adaptation to the routine is still developing.
However, as studies generally do not report the development of patterns of
behaviour, there is, as yet, no indication of how long such a period of observation
should be. Some studies that have opted for a between subjects design have
taken the effect of changing the routine into account by exposing the animals to
the feeding routine for a period of time prior to the start of data collection. For
example, Bloomsmith & Lambeth (1995) changed the feeding regime for groups
of chimpanzees 6 months before the study. Other authors have used young
animals that are naive to any particular feeding routine (e.g., Johannesson &
Ladewig, 2000). It could be argued that responses to predictability or
unpredictability may be slow to develop, or be subject to habituation. If so,
studies which extend for long periods may be beneficial in determining the effects
of predictability. For example, Ulyan et al. (2006) observed the behaviour of
brown capuchins over 6 weeks after a change to an unpredictable feeding
routine. Such a time period should give more opportunity for any effects of
habituation to be observed than in shorter studies, (however it should be noted
that the capuchins in Ulyan et al’s study were not reported to habituate to the new

routine). In similar studies using a within subjects design, whereby the
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individuals experience a change of routine, it is important to consider the order of
experimental conditions, since changing from a predictable routine, and losing
predictability may have different behavioural effects to switching from an
unpredictable routine to a predictable routine. However previous research has

not specifically manipulated the order of such experimental conditions.

Another methodological point that could affect studies of anticipation is the
guestion of what constitutes unpredictability. Different authors have used
different feeding schedules which they have classed as ‘unpredictable’ and there
is no clear definition as to the limits of predictability. In their study of tigers, Jenny
and Schmid (2002) created an ‘unpredictable’ routine whereby feeding boxes
would open twice, at times that the authors described as semi-random, between
the hours of 0900 and 1730. Sanchez-Vazquez et al. (1997) were able to use a
greater range of feeding times, whereby goldfish were fed in either the dark or the
light period, with inter-feed intervals varying from 12 to 36 hours. In contrast,
Ulyan et al. (2006) used a more restricted ‘unpredictable’ schedule involving
variation around a set time, by giving early feeds (between 13:00 and 14:00), on-
time feeds (between 14:30 and 15:30), and late feeds (between 16:00 and
17:00). In a study on giant panda behaviour, Sandhaus (2004) was only able to
provide unpredictable feeding times at: 1 hr earlier, at the same time, or 1 hr later
than a baseline feeding time, due to management practicalities. It could be
guestioned whether such routines which involve only a deviation from the normal
feeding time can be classified as ‘unpredictable’, indeed the amount of variation
in feeding times required for unpredictability is yet to be established.
Johannesson and Ladewig (2000) avoided the confusion of unpredictable
routines versus deviations from predictable routines by studying 3 conditions: the
‘control’ group received a predictable milk feed at 07:00 and 14:00 every day, the
‘irregular schedule’ group received 2 milk feeds at unpredictable times of the day,
between 06:00 and 13:00 and then again between 13:00 and 21:00. A third
group, the ‘occasional deviation’ group, received milk at the same time each day,
except on a couple of experimental days when they were fed 3 hours late. This
study found no significant differences in calf behaviour at 8 weeks old in the
‘control’ and ‘irregular schedule’ groups (predictable and unpredictable feeding),

however they found significant differences in behaviours in the ‘occasional
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deviation’ group, such as increased ‘comfort’ behaviours, suggesting that the type
of routine may not affect the behaviour of calves, but deviations from a

predictable routine can cause frustration.

Other challenges to studies of predictability include potential confounds. The
results of Sandhaus’s (2004) study on giant pandas were confounded by animal
moves between enclosures which likely affected behaviour. For example, the
authors suggest that this may have increased stereotypic behaviour, thus
preventing levels from returning to baseline levels in a reversal design (with the
feeding conditions: predictable/unpredictable/predictable), and reducing
confidence in the conclusions. Cues and signals can also confound studies on
anticipation. For example, in Bloomsmith and Lambeth’s (1995) study, the
chimpanzees received unreliable feeding cues from other chimpanzees, as
described in Section 1.4.3. In addition, in the study by Gilbert Norton et al. (2009)
as described in Section 1.4.2 and above), the coyotes on the unpredictable
schedule (previously accustomed to a predictable schedule), were able to hear
the sounds associated with the predictably fed coyotes receiving their food, which
may have affected their behaviour. In the study of stump-tailed macaques (Waitt
& Buchanan-Smith, 2001), the macaques received feeding cues when staff
members returned to the laboratory. However these cues were also sometimes
unreliable. It is important to note that both signalled and temporal predictability
can affect animal behaviour, and animals that receive predictable feeding times
with associated reliable (predictable) signals may behave differently to animals

receiving predictable feeding times but with unreliable signals.

In addition to studies where signalled and temporal predictability are confounds,
spatial predictability can also be a problem. For example, in their study of
leopard cat (Prionailurus bengalensis) behaviour, Shepherdson et al. (1993)
changed both the temporal and spatial predictability of the feeding regime by
adding multiple feeds, hidden in the enclosure, which resulted in decreased
pacing, and increased behavioural diversity compared to daily feeding. This
study also did not clearly fit the category of comparing predictable and
unpredictable feeds and it would be more accurate to describe this study as

comparing different types of unpredictability due to the provision of different
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numbers of feeds at different times of the day. In a study by Nogueira et al.
(2011) on the effect of feeding regimes on the behaviour of collared peccaries
(Pecari tajacu), temporal predictability was confounded, not only by spatial
predictability but also by the presence of a food enrichment device. These
confounds and the fact that observations only took place at feeding time, with no
observation of any potential anticipatory behaviour prior to feeds, mean that this
study is difficult to interpret in terms of the effects of predictability.

Another problem encountered when studying predictability is that a range of
behaviours may change in anticipation of a predictable event, and it may not be
possible to identify a specific anticipatory behaviour. It is likely that anticipation is
a quality of behaviour, and any behaviour might anticipate predictable events.
Different species may show different responses, as described in Section 1.4, for
example felids may pace (Carlstead, 1998) and chimpanzees may become more
inactive (Bloomsmith & Lambeth, 1995). In addition, individuals of the same
species may vary in their anticipatory response (Sandhaus, 2004). Also,
behaviours that could be considered to be anticipatory may occur in situations
where anticipation would not be expected and hence, in these circumstances, do
not suggest anticipation. For example Jenny and Schmid (2002) found that
changing the feeding routine of a male tiger when housed singly did not affect his
stereotypic behaviour, suggesting that there was another cause of the pacing,
perhaps one related to his being housed singly. Other occurrences of behaviours
therefore make it difficult to interpret behaviour related to anticipation. In addition
to changes in specific behaviours indicating anticipation of an event, enclosure
use can also change, for example pacing in leopards was shown to take place in
an area from which the leopards could see the approach of their keepers
(Mallapur & Chellam, 2002). Hence there are a range of aspects of behaviour

that can be affected by predictable routines.

Housing conditions and domestication may also affect the results of studies of
predictability. de Jonge et al. (2008) found that, contrary to their predictions,
based upon pig natural foraging strategies, pigs showed preferences for fixed
(predictable) intervals of food reinforcement over variable (unpredictable)

intervals. They suggested that this is a result of the test environment not

36



Chapter 2. Methodology

reflecting natural foraging conditions, and of the domestication of the pigs. The
authors suggested that this may have created a situation where it may have been
necessary for these pigs that were reared in the standard 'barren’ environment, to
'learn’ to appreciate the benefits of unpredictability. This therefore raises
guestions over the applicability of such farm or laboratory studies to advising the
husbandry of captive but non-domesticated animals in semi-natural environments
(i.e. zoo animals). Housing conditions have also been shown to affect the
response of mice to predictable feeding times. For example, de Groot and Rusak
(2004) demonstrated that mice housed on open shelves showed food anticipatory

activity (wheel running) whereas mice housed in isolation boxes did not.

2.3. Summary and approach for thesis

The main methodological problems identified in this review are that there are few
published papers that investigate the effects of predictability in semi-natural
environments such as zoos, and few investigate these effects by observation of
behavioural parameters. Predictable (or unpredictable) routines may potentially
affect behavioural patterns over an extended period of time, however many
studies are restricted to short sampling periods over a day, sometimes with only
limited numbers of repeat observations. The length of exposure to the routine
that the animals receive can also be limited, and therefore results may not take
into account factors such as: any immediate effects caused by the experimental
change in routine, the potential for the slow development of behaviours
associated with the routine, or any habituation of the animals to the routine, that
may be reflected in their behaviour. There is ho consensus over the definition of
an ‘unpredictable’ routine, and previous research has often been confounded by

signalled or spatial predictability, or other environmental factors.

The research conducted for this thesis therefore aimed to address some of these
issues. Research was carried out on animals in zoo environments to test the
effects of predictability in semi-natural environments, and behavioural responses
were observed on predictable and (where relevant) unpredictable feeding

routines. All predictability studies in this thesis were carried out over a minimum
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of 3 weeks per condition to allow, as relevant to the particular study: a large
number of repeat observations, long exposure of the animals to the feeding
routine, data collection on the overall effect of the routine and observation of
developing patterns of behaviour as the routines became established. Where
possible, data were also collected over most of the daylight period of the day in
order to obtain detailed results on daily behavioural patterns. Unpredictable
routines were made as unpredictable as practicalities allowed, using purposely
designed feeding schedules with randomly generated feeding times, rather than
utilising naturally occurring delayed or early feeds. This aimed to create a clear
distinction between predictable and unpredictable feeding conditions. Efforts
were also made to avoid potential confounds, and only temporal predictability
was studied. In this thesis, predictability studies were carried out using traditional
methods of data collection. However, a novel methodology, designed for use in
such studies was also developed and will be discussed later in this chapter
(Section 2.9) and in Chapters 3, 4, 5 and 7.

2.4. Objective (quantitative) behavioural data collection

techniques in this thesis

The objective (quantitative) behavioural data collection techniques used in this
thesis were instantaneous sampling of state behaviours, all occurrence recording

of event behaviours, and one-zero sampling.

Instantaneous sampling (Altmann, 1974; Martin & Bateson, 1993) involves
dividing the length of the observation session into sample intervals. On the
instant of each sample interval, e.g., on each minute, the observer records the
state behaviour of the animal or animals using an ethogram of behaviours for
reference. Sampling intervals used in this thesis were every 1 minute during 30
minute observation sessions. Instantaneous sampling was used in Chapters 5
and 6, due to its suitability for calculating a proportion of the sampling points in
which a particular behaviour was observed. This was therefore suitable for
comparing proportions of behaviour between feeding conditions (e.g., in pre-feed

observation sessions). Instantaneous sampling is a standard technique in animal
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behaviour research (Hawkes et al., 1987) and hence it was also used in Chapter
4 to validate the qualitative measure described later in this chapter. Validation
requires comparison against a standard measure and hence instantaneous scan

sampling was considered appropriate for use.

All occurrence sampling involves recording each occurrence of a particular
behaviour, and in Chapters 5 and 6, this technique was used to record the
occurrence of event behaviours. As all occurrence sampling can provide
information on the rate of occurrence and can be used to investigate temporal
changes in the rate of particular behaviours (Altmann, 1974) it was considered

suitable to determine temporal patterns of behaviours.

One-zero sampling (Altmann, 1974; Martin & Bateson, 1993) involves recording
whether or not a particular behaviour occurred during a sampling interval. One-
zero sampling is sometimes criticised as a sampling method as it can over-
estimate durations of behaviour, and under-estimate the number of bouts
performed (Dunbar, 1976; Martin & Bateson, 1993). However, one-zero sampling
has also received support (Martin & Bateson, 1993; Rhine & Linville, 1980; Smith,
1985) in that it is a reliable measure and provides data that closely correlate with
frequency and duration of behaviour, and give a suitable index of the ‘amount’ of
behaviour. However it has also been argued that regardless of the data obtained
on frequency and duration, these are not the only valid components of behaviour,
and one-zero sampling produces an important measure of the occurrence of a
behaviour (Smith, 1985). Indeed one-zero sampling was considered suitable for
use in this thesis, as for the current research it was sufficient to know whether or
not a particular behaviour occurred, without detail on the exact frequency or
duration. These data on occurrence of behaviours gave patterns over time, for
example, in the time leading up to a predictable feed. Hence one-zero sampling
was used in Chapter 3 to study patterns of tiger behaviour over time. One-zero
sampling also enabled the monitoring of more than one behaviour per study
interval, which was necessary as the exact behavioural response to predictable
events is not known. The ability to record more than one behaviour was also
important in the validation of the qualitative method (‘Busyness’: Chapter 4)

where, in addition to comparing to a known standard (i.e. instantaneous
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sampling) it was important to determine exactly which behaviours corresponded
to the qualitative measure. One-zero sampling enabled all relevant behaviours to
be recorded, and analysed for their association with the values reported on the

gualitative measure (see Chapter 4).

It is important to note that this research was carried out in a zoo environment,
where many captive environmental variables influence animal behaviour that may
not occur in wild or even laboratory or farm situations. For example, visitors to
the zoo can affect animal behaviour (e.g., Chamove et al., 1988; Davey, 2007;
Hosey, 2000), and there may be maintenance work or animal moves which are
beyond experimental control. However, an aim of this work was to understand
the effects of predictability specifically in zoos, where the issue of predictability
related to keeper routines or public feeding times is of particular interest. The
specific captive variables can therefore be key to an animal’s response to

predictability, within this environment.

Statistical Analysis used in this thesis

Statistical analysis was carried out on the data, as appropriate, taking into
account suitable statistical methods for the sample size. Hence, randomisation
analysis (Todman & Dugard, 2001) was used in Chapters 5 and 6 to compare
periods of observation in different feeding conditions. However, whilst use of
inferential statistics provided a useful quantification of comparisons between
samples, in the current thesis, such statistical analysis is largely used to provide
support to descriptive analysis and indeed, in places, inferential statistics were
not appropriate. The nature of recording changes in behaviour over time (as
required for Chapters 3, 5 and 7) required sequential data collection; hence
graphical and descriptive analysis was more appropriate in these circumstances.
Indeed, it is the pattern of behaviour over time and details such as start and end
times of behavioural changes, which are the important considerations in studies
of anticipatory behaviour. As discussed in Section 2.2, the study of predictability
and anticipation would benefit from observation over a greater period of time in

order to determine detailed patterns of behaviour. Statistical techniques that
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compare grouped data at two or more specific points would not be sufficient to
reveal these patterns. Such grouping and sampling of data would restrict the
interpretation of what may, in actuality be a progressive change in behaviour, and
such sampling of behaviour in studies of predictability is criticised in Chapter 2.
Indeed, reliance on sampling and inferential statistics would introduce an
additional problem of determining the size of samples to compare. Therefore,
where possible in the current thesis, data were collected over an extended period
of time, and plotted such as to allow visual and descriptive analysis of patterns of

behaviour.

In addition to the benefits provided by descriptive analysis of behavioural
patterns, many inferential statistical tests are not suited for use with small-n study
designs (as used in the current thesis); hence descriptive analysis is the
necessary approach. Whilst there are some inferential statistical tests that are
suitable for use with small-n designs (such as randomisation analysis [Todman &
Dugard, 2001] as used in Chapters 5 and 6 of the current thesis), many
inferential statistical tests are not suited to deal with small-n designs. However,
there is a substantial tradition of small-n or single-subject research in the
literature. For example, much of the work of B.F. Skinner used single-subject
designs and did not advocate the use of statistical analysis (e.g., Skinner, 1966).
Instead small-n designs are best-suited to graphical and descriptive presentation
of data which is advantageous “if one is interested in the development of
behaviour in a single organism over time” (Morgan & Morgan, 2001, p. 122) as in
the current research. Such a graphical approach to data analysis has
widespread application (Johnston & Pennypacker, 2009), indeed it has been
stated that “scholars argue that the data from an individual participant behaving
under well-specified conditions should provide unequivocal evidence of an
independent variable’s effect and that such an effect should be visible to the
naked eye” (Morgan & Morgan, 2001, p. 121).

A descriptive approach has also been taken in previous literature related to
patterns of behaviour over time, for example Gee et al. (1994), Sanchez-Vazquez
et al. (1997) and Weller and Bennett (2001) include descriptive analysis of
temporal patterns of behaviour. Therefore descriptive analysis of patterns of
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behaviour was deemed to be a suitable method of analysis in much of the current

research.

2.5. Methodological difficulties

Sections 2.1-2.3 described some of the limitations of previous behavioural
research on predictability. To mitigate some of these issues, a large amount of
time needs to be allocated to observing animals and collecting data. Behavioural
data collection can be an intensive process, for example with samples taken
every few seconds or minutes, over observation periods. Temporal changes in
behaviour obviously need to be observed in real time, and improved data
collection methods would require observations over the course of as much of a
day as possible, and over many days, in order to determine patterns of behaviour
over extended periods. Whilst the present programme of research aimed to
overcome the problems of limited observations by increasing the duration of
observations, outside of this study, it is not always possible for observers to
commit such large amounts of time. One solution is to use many observers;
however the use of traditional measures of behavioural data collection depend on
extensive training, and it is not always possible to have a sufficient number of
trained personnel available to carry out such observation. For example, training
would be required to develop knowledge and understanding of sampling
techniques and rules, and awareness of issues such as observer drift and
sampling accuracy. Observers would then each need to be able to identify
individual animals and carry out preliminary observations, the importance of
which is stressed by Martin and Bateson (1993) (p.56). Also a detailed ethogram
of behaviours would need to be learnt, and data collection techniques tested for

inter-observer reliability.

Computer software is available to aid data collection, but this is often expensive
and it requires training to use. For example, Noldus Information Technology
produce software such as EthoVision® which allows automated data collection on
behaviour and movement. However, this involves expense and substantial

training for use, and such software is often not practical for research in large,
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semi-natural environments, as found in zoos. For example it may not be possible
to obtain quality video footage of a sufficient amount of the enclosure for such
computer analysis. Alternative automated methods include measures of wheel-
running activity (e.g., Pérez-Padilla, et al., 2010; White & Timberlake, 1995) or
detection of locomotor activity using photocells (e.g., Sanchez-Vasquez, et al.,
1997; Sanchez, et al., 2009). However, these methods are only really suitable for

use in a laboratory situation.

It therefore seems that there is a need for a method of observation that would
allow data collection by a number of different observers, thus reducing the length
of time that any one person needs to commit, but without the need for extensive
training. Such a method would need to be easily accessible to and importantly,
reliable with relatively untrained observers. The rest of this chapter will discuss
the use of simple and subjective (or qualitative) methods with multiple observers,
as possible data collection techniques to resolve this issue. This chapter will also
suggest a novel method for use in studies of predictability, the development of

which will form a second study area for this thesis.

2.6. Subjective (Qualitative) methods of behavioural data

collection

Subjective methods of data collection are also known as qualitative methods, or
observer ratings (Meagher, 2009), and involve measurement which requires
some form of interpretation of the observed concept of interest by the observer.
Such measures often take the form of ratings, which require an observer to give
scores for a variable using units of measurement that are defined by the
observer, rather than using standardised units as found in more objective
research (Meagher, 2009). These ratings can be for variables such as
behavioural traits or aspects of personality, and usually involve integration of a
number of pieces of information, in a holistic approach, to evaluate aspects of
animal behaviour (Wemelsfelder et al., 2001; Whitham & Wielebnowski, 2009).

This is in contrast to the more traditional approaches of animal behaviour data
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collection, where individual components are recorded separately and objectively,

for example using counts or durations (e.g., Martin & Bateson, 1993).

Subjective scales are regularly used in studies of psychology or social sciences
(Meagher, 2009; Wemelsfelder, 2007) for example the Positive and Negative
Affect Schedule (PANAS) (Watson et al., 1988) is a self-report scale designed to
measure human mood and emotion, which has been tested for, and found to be
reliable and valid (e.g., Crawford & Henry, 2004). Also, the Trait Meta-Mood
Scale (TMMS) (Salovey et al., 1995) is a rating scale commonly used to monitor
feelings and emotions in humans. However such measures are rarely used in
studies of animal behaviour, and traditional ethogram-based methods using
frequencies or durations of specific behaviours are much more commonly used
(Meagher, 2009) (such measures include e.g., instantaneous scan sampling and
will henceforth be referred to as traditional measures). There are, however,
some examples of the use of subjective measures in ethological research. Early
examples include the work of Stevenson-Hinde and Zunz (1978) who asked
observers to rate behaviourally defined adjectives related to personality of rhesus
macagues, and work by Feaver et al. (1986) in which ratings were given for
aspects of the ‘behavioural style’ of domestic cats. Other work on domestic cat
behaviour involved the development of a Cat-Stress-Score (Kessler & Turner,
1997, 1999). This score describes seven possible stress levels of a cat from ‘fully
relaxed’ to ‘extremely stressed’, based on posture and behavioural elements
(Kessler & Turner, 1997). Using this measure, the authors were able to monitor
the stress levels of cats in a boarding cattery (Kessler & Turner, 1997), and
correlate cat stress levels with group density (Kessler & Turner, 1999). Whilst
other authors (e.g., Wemelsfelder, 2007) have classed the Cat-Stress-Score as a
gualitative measure, it is perhaps a measure that is not entirely qualitative, and
combines aspects of both subjective and objective studies. Each level of the cat
stress score is precisely defined in terms of the behavioural and postural
elements from which it is composed (Kessler & Turner, 1997), as is the case for
descriptions of behaviour in a traditional ethogram. However it is then up to the
observer to combine these elements into a single rating of the whole animal,

based on their subjective interpretation of their observations.
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Other behavioural work using qualitative measures has included ratings of
specific behavioural traits. Wielebnowski (1999) used ratings of behavioural
attributes in order to develop predictors of breeding success in captive cheetahs
(Acinonyx jubatus). Behavioural traits of 44 cheetahs were rated by the
experimenter and two keepers at each of four breeding facilities. Ratings were
made for each cheetah on 18 behavioural adjectives (e.g., calm, excitable and
friendly) using a visual analogue scale (where observers marked their rating on a
scale line from minimum to maximum, which could be measured to give a
guantitative rating). These ratings were analysed using a Principle Components
Analysis (PCA) in order to determine the major components of cheetah
behaviour. These components were compared with variables related to breeding
success, and it was determined that non-breeding cheetahs scored significantly
higher on the component ‘tense-fearful’ than breeding cheetahs. Thus, the use of
subjective measures resulted in data that could have future applied benefits for
the captive breeding management of cheetahs. In a similar study on black
rhinoceros (Diceros bicornis), Carlstead, Mellen et al. (1999) asked keepers at 19
different zoos to rate their black rhinoceros on 52 different behavioural elements
using a rating scale of 1-5, based on frequency of performance or applicability of
an attribute. Results were grouped into 14 behavioural traits to give a behaviour
profile for each individual. Comparisons with variables such as breeding success
revealed that results for the traits ‘dominant’ and ‘olfactory’ behaviours (males)
and ‘chasing/stereotypy/mouthing’ (females) were negatively correlated with
reproductive success, once again providing useful, applied results for captive

management.

Animal personality can be assessed by observers who integrate aspects of an
animal’s behaviour to give subjective ratings on particular personality traits. For
example, Gosling et al. (2003), asked 78 dog owners to rate the personality of
their dogs, by recording their agreement with particular statements such as “[my
dog] is curious about many different things”, on a scale of 1 (disagree strongly) to
5 (agree strongly). Results demonstrated that personality in dogs could be
judged as accurately as for personality studies of humans. Pederson et al.
(2005) asked 38 observers to rate personality adjectives for 47 chimpanzees

(Pan troglodytes) (mean of 4.7 raters per chimpanzee) on a seven point scale.
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Forty three personality descriptive adjectives were rated by the observers and a
PCA was used to identify six main personality factors in chimpanzees:
Extraversion, Dependability, Agreeableness, Emotionality, Openness and
Dominance. These factors (with the exception of Dominance) were similar to the
five factors of personality that are commonly found in studies of human

personality.

In recent years, a qualitative method termed ‘free choice profiling’ (FCP) has
been developed for use in animal behaviour studies (Wemelsfelder et al., 2000;
Wemelsfelder, et al., 2001) whereby observers are free to choose their own
descriptive terms for animal behaviour. They then rate the observed animal with
regards to these terms, using a visual analogue scale. Rating scores are then
analysed using the Generalized Procrustes Analysis (GPA); the multivariate
statistical technique associated with FCP. This method can account for the lack
of fixed reference points caused by the observers creating their own descriptive
terms, and instead matches patterns between the animals. Free Choice Profiling
has since been used successfully in a number of studies e.g., Minero et al.
(2009), Rousing and Wemelsfelder (2006) and Wemelsfelder et al. (2009).

Despite the success of qualitative studies such as those previously mentioned, it
has been suggested that the use of subjective measures may be open to certain
criticisms such as anthropomorphism, bias, or lack of reliability or validity
(Meagher, 2009; Rousing & Wemelsfelder, 2006; Wemelsfelder, 2007). However
there are a number of benefits to using qualitative measures. For example, (as
discussed in Section 2.5) if qualitative measures are relatively simple to use, then
they have the potential to be used by many observers, hence resulting in the
collection of a large volume of data whilst reducing the length of observation
required by a single observer. Also, as measures which utilise human
interpretation, qualitative measures involve integrating many pieces of
information, such as the animal’s behaviour and posture, and the context of the
behaviour, and consequently can provide a richness of information which is not
available from objective (traditional) measures (Wemelsfelder & Birke, 1997),
since such traditional approaches usually record these elements of behaviour

separately, or do not record them at all (Wemelsfelder, et al., 2000). In this
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respect, qualitative methods can take “into account various aspects of behaviour
and its context that are difficult to quantify” (Rousing & Wemelsfelder, 2006, p.
51). This also allows direct assessment of the animal’s behaviour rather than
retrospective inference as is achieved from more traditional data (Rousing &
Wemelsfelder, 2006). In studies of animal welfare, this direct and integrated
assessment or ‘whole animal’ approach has been argued to be important to
determine what an animal is doing, how it does it and the context, in order to
judge the quality of an animal’s experience directly, and hence assist in welfare

assessment (Wemelsfelder, 2007).

Qualitative measures can therefore be useful for certain types of data collection.
It should be noted that, whilst commonly accepted for use in behavioural studies,
even traditional, quantitative methods are not completely free from those
problems which may be associated with qualitative measures. For example
elements of traditional measures rely on human judgement, such as deciding
when a behaviour starts and stops. Also, the initial definition of a behavioural
category involves an element of subjectivity, e.g., determining what constitutes
stereotypic behaviour (Meagher, 2009).

In order to address these criticisms, formal methodologies are required, which
need to be tested for both reliability and validity of results. With careful design
and testing, subjective methods can produce useful results and this has been
established for many of the studies discussed so far, hence their confident
conclusions. The issue of reliability and validity of subjective measures will be

further reviewed in Chapter 4.

2.7. Observer Experience

When designing a study with multiple observers, one consideration should be
that the previous animal behaviour research experience of the observers may
potentially influence the results. Wemelsfelder (2007) states that for both
gualitative and quantitative methods, experienced and skilled judgement is
important for effective use. However, Wemelsfelder et al. (2000) demonstrated
that untrained observers, with no previous experience of observing pigs,
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successfully used the FCP method to record the behavioural expressions of pigs.
A further study (Wemelsfelder, et al., 2001) found that observers with previous
experience of observing animals, but not pigs, were also able to use the FCP
method successfully on pigs. Tami and Gallagher (2009) specifically tested the
ability of people with different levels of experience with dogs (dog owners, vets,
dog trainers and non-dog owners) to describe dog behaviour. Participants were
asked to classify the behaviour of dogs from video footage, using adjectives such
as ‘friendly’ and ‘aggressive’. Overall, the results showed that there was no
significant difference in the participants’ abilities to label dog behaviour, and that
differences in rating ability occurred irrespective of experience. However non-
dog owners recognised play solicitation significantly less than the other
categories of observers, indicating that there may be some influence of
experience. Renner and Renner (1993) tested the ability of expert and novice
observers to determine whether rats, as shown on video clips in a neutral
context, had come from enriched or impoverished environments, based on their
behaviour. Results showed that the novices were as accurate as the experts in
determining the environmental history of the rats, although the experts used

broader vocabulary for describing the reasons for their judgements.

The above findings suggest that inexperienced observers are able to accurately
use qualitative measures of animal behaviour. This provides reassurance that it
might be possible to develop a subjective measure that would require little
training, in order to investigate behaviour related to the predictability of routines in
zoo animals. Obviously care must be taken in the design for such a method to
ensure that it is suitable for novice observers. However there are elements of
research that can be carried out without the need for extensive training. This
concept is utilised to take advantage of volunteer researchers in “Citizen Science”
projects, whereby members of the public, with relatively little training, contribute

data to a study.
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2.8. Citizen Science

Citizen Science is increasingly used to obtain large volumes of data for research
projects; allowing the study of topics that would be impossible with only a single
observer or a small group. The process of citizen science involves volunteers
using a simple and straight forward method to collect data which contributes to a
study, in order to both increase the volume of data that can be collected and
potentially benefit the volunteers with an educational experience (Bonney et al.,
2009). For example, the Galaxy Zoo project is an international project in which
anybody with an internet connection is invited to classify galaxies from the Sloan
Digital Sky Survey. Instructions are given on a website and participants are
asked to look at photographs of galaxies and determine, for example, whether
they are spiral or elliptical, and their rotation direction. As of April 2009, over
200,000 people had been involved with this project, resulting in over 100,000,000
classifications of galaxies (Raddick et al., 2010). The sheer number of
participants classifying each galaxy can allow exclusion of classifier error, and the
percentage agreement between participants can aid decisions on reliability
(Lintott et al., 2008). Such has been the success of this project that, as of April
2009, it has enabled 50 research projects and 16 peer-reviewed articles
(accepted or submitted) (Raddick, et al., 2010). Other examples of citizen
science include monitoring bird populations (e.g., Bonney, et al., 2009; Lepczyk,
2005; McCaffrey, 2005). Some of these studies require some training, for
example some studies at the Cornell Lab of Ornithology provide a large training
pack for volunteers including instructions, identification posters and bird sounds
(Bonney, et al., 2009), however other projects require only limited training on
identifying common birds. For example the Royal Society for the Protection of
Birds (RSPB) runs “The Big Garden Birdwatch” project (RSPB, 2011) which
requires residents to watch and record birds in their garden for just one hour, with

the aid of a simple ID sheet of common birds.

There are many other examples of citizen science projects ranging from
monitoring human-coyote interactions (Weckel et al., 2010) to searching for
possible important archaeological dig sites using satellite images (National

Geographic, 2011). All of these projects demonstrate that it is possible to use
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many people, from all backgrounds and levels of training, to collectively gather
large volumes of data. However, such citizen science-type research does require
specifically designed techniques in order for it to be accessible to volunteers and
produce reliable results. Special protocols need to be designed and then the
reliability of the results must be tested (Cohn, 2008). An aim of this programme
of research was to develop such a method of data collection which was suitable

for use with multiple volunteers.

2.9. Introduction to ‘Busyness’

Zoos and aquariums often benefit from a supply of students and volunteers
willing to dedicate some time to animal observation. Following the example set by
citizen science, in the current programme of work, a qualitative method was
developed which could be used by these volunteers or by zoo keepers. As
argued in Section 2.5, there is a need for a method that is simple and
straightforward, requires little training, and allows observers to each contribute
only a small amount of observation time. The measure of ‘Busyness’ (as
described later in this section) was previously designed to be a simple method of
collecting behavioural data, but had only been trialled in a few undergraduate
projects (P. Gee, personal communication, 2008). The concept of busyness
showed great potential as a solution to those challenges identified in the study of
predictability, as it was a simple method that was potentially usable by many
observers to record data on patterns of behaviour over time. Busyness also
showed potential as a ‘real time’ measure of behaviour. Those qualitative
measures that already exist in the study of animal behaviour record overarching
attributes such as personality, and there is a need for a qualitative measure that
can capture ongoing patterns of behaviour. Hence busyness was chosen as a
focus of this programme of research, to be developed as a measure of dynamic

behaviour, and as one possible example of a simple, subjective measure.

Busyness is a measure of how ‘busy’ an enclosure of animals appears, so itis a
measure of ‘how much is going on’ in an enclosure. Busyness is rated on a scale

of 1-5 (quiet-busy) for all of the animals in an enclosure; hence individual
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recognition is not required, thus reducing training time. This rating scale
technique is similar to that of rating a particular behavioural trait, as used in the
studies previously mentioned (e.g., Carlstead, Mellen, et al., 1999). A scale of 1-
5 was chosen as a simple and easy to use scale rather than a visual analogue
scale, which was considered to be too time consuming for data collection at
regular sampling intervals. Busyness is a subjective measure and as such,
detailed descriptions are not provided for each level of the scale. Instead, ratings
are based on the observer’s opinion of how ‘busy’ the animals are. Just how

much description is required of the busyness levels is addressed in Chapter 4.

A rating of busyness can be determined at regular sampling intervals, and as
such the measure provides a means of collecting data on patterns of behaviour
over time, hence the current programme of research sought to develop busyness
in order to determine patterns of behaviour associated with predictable feeding
routines. Busyness has potential in other applications, such as the study of
behavioural responses to environmental enrichment, however the current focus

of development will be with regards to studies of predictability.

As a straightforward rating scale, busyness is a simple concept, and should
require little training for use; therefore it should address some of the problems
found in previous studies of predictability, allowing the collection of large volumes
of data, over long observation periods, with multiple observers. The concept of
busyness therefore seems of great potential use to future research; therefore an
aim of the current research was to test the value of busyness, as determined by
its correspondence to traditional measures of animal behaviour and by the inter-
observer reliability of the data collected. Busyness was trialled both in the field,
and in a controlled laboratory environment, where detailed tests of validity,
reliability and applicability were possible, in order to develop the measure as a
suitable tool for use in the study of predictability. This development of busyness

will be further described in Chapter 4.
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Chapter 3. Tiger Study

Chapter 3

Daily behavioural patterns of a pair of Sumatran tigers

(Panthera tigris sumatrae) under a predictable

husbandry routine

3.1. Introduction

3.1.1. Introduction to the tiger, including behaviour and feeding ecology,

with focus on the Sumatran tiger

Tigers (Panthera tigris) are the largest members of the Family Felidae (Mazak,
1981; Nowell & Jackson, 1996) and as a species they are classified as
endangered by the International Union for Conservation of Nature (IUCN)
(Chundawat et al., 2011). Six subspecies of extant tiger are recognised by the
IUCN: the Amur (P.t.altaica), Bengal (P.t.tigris), Indochinese (P.t.corbetti), South
China (P.t.amoyensis), and Sumatran (P.t.sumatrae) tigers (Chundawat, et al.,
2011; Mazak, 1981; Nowell & Jackson, 1996), and the recently recognised
Malayan tiger (P.t.jacksoni) (Kawanishi & Lynam, 2008; Luo et al., 2004).
Sumatran tigers are endemic to the Indonesian island of Sumatra and are the
smallest extant subspecies of tiger, with a male body length range of 2.2-2.55m
(Nowell & Jackson, 1996). Sumatran tigers are classified as critically
endangered by the IUCN (Linkie et al., 2008) with fewer than 400 individuals

remaining in-situ in Sumatra (Seidensticker, 2010).
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The majority of the non-conservation-specific literature on tigers considers the
tiger species (Panthera tigris) as a whole, therefore unless specifically mentioned

otherwise, the following section refers to Panthera tigris.

Tigers are traditionally considered to be a solitary species, with the exception of
mothers with cubs up to the age of 18-28 months (Nowell & Jackson, 1996).
However many reports now exist, of sightings of family groups including adult
males, or other groupings of adult tigers (e.g., Nowell & Jackson, 1996; Schaller,
1967; Thapar, 2004) suggesting that tigers are not completely solitary. Tigers are
opportunistic predators (Chundawat, et al., 2011) feeding on a range of large,
mainly ungulate prey such as wild pigs and deer. Sumatran tigers, with their
smaller body size are more suited to taking the small prey that is present in their
rainforest habitat, but they are still capable of taking large prey such as wild cattle
(Bos) species (Seidensticker & McDougal, 1993).

Tigers are traditionally reported to be a nocturnal or crepuscular species (e.g.,
Mazak, 1981; Nowell & Jackson, 1996; Shankhala, 1978). However they are
reported to also hunt during the day (Nowell & Jackson, 1996; Shankhala, 1978)
and Sunquist (1981) stated that tiger behaviour is not closely related to the
light/dark cycle, since some daytime activity and movement occurs. Indeed some
of the main prey species of the Sumatran tiger such as wild pig (Sus scrofa) and
Argus pheasant (Argusianus argus), are reported to be diurnal (O’Brien et al.,
2003) which, it seems sensible to suggest, would necessitate diurnal hunting
from the tigers. Camera trapping evidence supports this assumption and Tilson
and Nyhus (2010) reported Sumatran tiger activity in Way Kambas National Park
at times throughout the day as well as at night. Tigers vary their hunting times,
for example, during observations of tigers in Chitwan, Sunquist (1981) reported
that fresh tiger kills were found in the late afternoon, at night and in early to mid
morning. Indeed, Seidensticker and McDougal (1993) demonstrated that even
when tethered prey was available, tigers varied in the times of day at which they
took prey (both within and between individual tigers) with some tigers taking prey
prior to 1600 and others between 1600-1900, or after 2000. Tigers have been
reported to hunt approximately once per week (Nowell & Jackson, 1996), and

Sunquist (1981) estimated that lone female tigers in Chitwan would make a Kill
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once every 8-8.5 days. The prey is then eaten, in decreasing amounts over the
next few days, and there may then be days with little or no food consumption
(Dierenfeld et al., 1994; Sunquist, 1981).

3.1.2. Tiger captive management

There are currently 250 Sumatran tigers held in captivity in ISIS (International
Species Information System) member institutions (ISIS, 2011). Zoo-housed
tigers are usually fed a diet of beef or horse products, either in the form of
commercially prepared feline diets or as carcass meat with supplements. Bones
are recommended for oral health and to promote natural feeding behaviours, and
the diet may be supplemented with whole animal carcasses, such as rabbits or
fowl, for variety (Dierenfeld, et al., 1994; Shoemaker et al., 1997). As wild tigers
do not hunt or feed on every day of the week, zoo-housed tigers are often not fed
every day. Dierenfeld et al. (1994) report that tigers’ appetites and body
conditions improve if they are fasted for one or two days per week, and they
recommend one fast day per week. Shoemaker et al. (1997) recommend one or
two fast days per week in order to prevent problems of obesity. On fast days it is
recommended to give either no food or a small amount of food such as bones
(Dierenfeld, et al., 1994; Shoemaker, et al., 1997).

Captive influences on tiger behavioural patterns

Like other zoo animals, daily patterns of tiger behaviour can be affected by a
number of captive environmental variables. For example the arrival and
departure of visitors, or routines of enclosure cleaning and maintenance (see
Section 1.1). Environmental enrichment can affect behaviour, indeed specific
goals of enrichment may include decreasing stereotypic behaviour, increasing
activity or increasing behavioural diversity (for examples of tiger enrichment see
e.g., Bashaw et al., 2003; Law et al., 1997; Hare, 1998; Van Metter et al., 2008).
Given the evidence on the effect of environmental enrichment on behaviour, it

seems reasonable to suggest that the timing of the provision of enrichment might
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itself influence patterns of behaviour. Routines of moving animals between
enclosures can also influence behaviour. For example, many zoos will house
tigers in their inside quarters over night, and food may be used to encourage the
animals inside. This is often done for security or practical reasons, although Law

et al. (1997) argue that this may not be necessary.

A major determinant of behavioural patterns in captivity is feeding routine (see
Section 1.4.2). Captive tigers may be fed at a set time of day. This may be for
the purposes of a public feeding event or talk, or to fit in with the husbandry
routines of the keepers, or (as mentioned above), to entice the tigers into their
night quarters at the end of the working day. For example, in an opportunity
sample of 13 zoos in the United Kingdom, 10 zoos fed their tigers at a fixed (as
opposed to random) time, 6 of which involved a public talk and 3 of which were
specifically timed to aid husbandry (personal communication, April 2012). This
predictable feeding has the potential to influence patterns of tiger behaviour and

will be investigated in the current chapter.

3.1.3. Effects of predictable feeding on felid behaviour

As discussed in Chapter 1, temporally predictable feeding can have an effect on
animal behaviour, and debate exists as to the benefits or otherwise of predictable
or unpredictable routines. The behaviour of carnivores, particularly felids, has
been reported to be affected by predictable routines. For example, domestic cats
have shown patterns of lever pressing prior to a milk feed that was provided at

set intervals (see Section 2.1).

In zoo environments the effects of predictable routines can manifest in felids as
observable changes in patterns of behaviour that anticipate predictable feeds.
For example captive leopards (n=14) were observed to show significantly lower
levels of resting prior to their usual feeding times (Mallapur & Chellam, 2002).
Consequently, activity (a measure combining running, climbing, jumping,
standing, walking and rubbing/rolling behaviours) increased (although not
significantly) prior to feeding, and the leopards were noted to be ‘restless’ and

‘anxious’ prior to the feeding time.
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Predictable feeding times have also been associated with stereotypic behaviours
in captive felids as described in Section 1.4.2. Stereotypy prior to feeding was
also observed in African lions (Panthera leo) by Altman et al. (2005), who found
that 93% of all pacing (from observations between 9:00 and 17:00) occurred prior
to feeding. However, this effect may have been a result of signalled predictability
rather than anticipation of the time of day, as the authors suggest that the lions
may have been cued by the smell of thawing meat or the activities of keepers.
Many such factors can become feeding cues for zoo animals, and (as described
in Section 1.4.3) animals can anticipate events based on temporal or signalled
predictability. Signalled predictability may confound studies of temporal
predictability; Altman et al. (2005) hypothesised that when the lions were
switched from a daily feeding schedule to a random, 3 day feeding schedule, they
would no longer be able to anticipate when they would be fed. However, the
lions were twice as likely to pace on feeding, than on starve days, potentially due
to the aforementioned cues. Feeding cues may impact studies of animal timing,
but are not always considered or reported.

A reduction in the predictability of feed times (i.e. creating unpredictable routines)
can affect behaviour in some felids. Shepherdson et al. (1993) reduced the
predictability of feeds to captive leopard cats (Prionailurus bengalensis) by
providing the cats with multiple feeds at irregular intervals instead of a single,
daily feed. This resulted in increased exploratory behaviours and increased

overall diversity of behaviours, as well as a reduction in stereotypic pacing.

Predictable feeding routines have also been reported, albeit anecdotally, to affect
the enclosure use of captive felids. For example, in their study of leopards,
Mallapur and Chellam (2002) observed that prior to feeding, the leopards used
the areas of their enclosure from which they could see the keepers approaching,
and also the area of the enclosure leading to the off-exhibit feeding area.
Similarly, Altman et al. (2005) observed that the lions increased pacing prior to
feeding, and this pacing behaviour was directed at the entrance to the night

quarters in which they were fed.

Tigers, specifically, have been shown to be affected by the predictability of
routines, as demonstrated by Jenny and Schmidt (2002) (described in Sections
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1.4.2 and 2.2). Whilst not specifically testing anticipation, this study
demonstrated that predictability can affect tiger behaviour, with decreased pacing

on an unpredictable routine.

3.1.4. Busyness

As discussed in Chapter 2, one reason for the low number of published papers
on anticipation of temporally predictable events in zoo environments may be the
challenge of applying a suitable methodology. The use of multiple observers and
a simple, subjective method of observation was suggested as a possible solution
to this problem, with the measure ‘busyness’ proposed as a subjective measure
that might be suitable (Section 2.9). However, an assessment of the validity and

reliability of this measure is required in order to establish its utility.

As behavioural effects of predictable routines have previously been reported in
felids, the current study was used as an opportunity to test the measure of
busyness. Tiger busyness was recorded alongside traditional measures of
behaviour, in order to obtain an initial assessment of the suitability of busyness

for tracking behavioural changes associated with predictable routines.

3.1.5. Rationale and aims

In Chapter 1 it was argued that there is need for further research into the effect of
predictability on zoo animals due to a lack of consensus on the benefits, or
otherwise, of predictability. The present study was designed to add to the
literature on the behavioural effect of predictability using Sumatran tigers as a
case study. As explained in Section 3.1.1, tiger natural history shows tigers to be
opportunistic hunters (Chundawat, et al., 2011) that are active and able to feed at
any time of the day or night, depending on prey availability and satiation (e.qg.,
Nowell & Jackson, 1996; O’Brien, et al., 2003; Seidensticker & McDougal, 1993;
Sunquist, 1981). Despite this, many zoo-housed tigers are restricted to feeding

at a set time of day, and in accordance with the literature on the effect of
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predictable feeding on felid species, it seems reasonable to suggest that these

restrictions on feeding might have effects on the pattern of tiger behaviour.

Whilst the studies reviewed in this chapter have shown that predictable routines
can affect the behaviour of felids, many of these studies were designed to
investigate topics such as general activity budgets or stereotypic behaviour,
rather than intentionally setting out to assess the presence of anticipation in itself.
Therefore one aim of the current study was to specifically determine whether a
pair of captive tigers on a predictable feeding routine showed particular patterns
of behaviour throughout the day and prior to feeding, that could be related to
anticipation of the predictable feeding time. Details of any such patterns were
investigated, including start time, duration and behaviours which anticipate
predictable feeding. An aim of this study was therefore to investigate detailed
patterns of tiger behaviour, over an extended period of time, avoiding the
problems of limited observation lengths as found in previous literature (Section
2.2)

Another aim of the current research was to investigate any patterns of enclosure

use of the tigers, throughout the day and particularly as feeding time approached.

A final aim of the current research was to investigate whether busyness (as
suggested as a potentially suitable measure in Section 2.9) could be used to
record patterns over the day, which would both reflect the patterns of behaviour
obtained using traditional measures, and be related to the regular feeding event.
This study therefore aimed to make an initial validation of busyness against
traditional measures of data collection, and also test the inter-observer reliability

of the measure.
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3.2. Methods

3.2.1. Housing and Husbandry

The subjects were one male and one female Sumatran tiger (Panthera tigris
sumatrae) housed at Paignton Zoo Environmental Park, UK since 2002 (male)
and 2004 (female). Their housing included a 2248m? outdoor, on-show (to the
public) area of grass and trees in addition to indoor, off-show dens. The outdoor
enclosure contained two slightly raised platforms which acted as both vantage
points and shelters for the tigers. The enclosure perimeter was enclosed with a
wooden fence on two sides (which were adjacent to the indoor quarters and to
the neighbouring lion enclosure), and a chain-link fence on the other two sides
(which were adjacent to a lake with a variety of wildfowl species, and to a path
with observation areas for visitors to the enclosure) (see Appendix 3.1 for an

enclosure map).

The tigers’ husbandry routine, which they had experienced for at least one month
prior to the start of the study, was as follows: the tigers were given access to the
outdoor area in the morning before zoo opening at 10:00, where they remained
during the day. The tigers were routinely let back into their indoor dens, one tiger
at a time, at approximately 16:40 each day, where they stayed for the night. The
tigers were fed at 16:40 once indoors, although they received only a small
amount of food on starve days. For the purposes of this study, the 16:40 event
will be referred to as the feed time. The feed time remained relatively constant
each day within the constraints of the keepers’ daily routines, with the earliest
observed occurrence at 16:32, and the latest at 16:49 (Mean = 16:40, Standard
Deviation = 4.97).

3.2.2. Traditional behavioural observations
Observers

Data were collected by the experimenter and seven observers recruited from the
final year of an undergraduate psychology degree course at the University of
Plymouth. These students received several training sessions, and practised using
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the methods for at least two days prior to the start of the study to ensure that all
were consistently discerning the correct behaviours. The degree of this
consistency was determined by comparisons with other observers and with the
experimenter. Multiple observers were used to increase the number of
observations possible, and to allow busyness to be tested for inter-observer

reliability (see Section 3.2.4.).

Procedure

One-zero sampling was used to collect behavioural data at one-minute intervals
during 30 minute observation periods; each tiger was observed every other
minute (n= 15 mins for each tiger) from 10:00 until feed time. Data were
collected on 34 observation days (on week days over a 75 day period between
17/11/08 — 30/01/09), and over the course of the study each minute in the
observation day was observed at least 12 times (with a maximum of 20 repeats,
and mean and standard deviation of 16 and 2.62 respectively). A total of 55 hrs
of data were recorded for the male tiger, and 55 hrs and 6 mins for the female
tiger. Minutes after 16:40 were not regularly repeated since the tigers were

usually inside by this time (minimum n for a minute after 16:40 = 1 at 16:48).

Behaviour categories for one-zero sampling were ‘not visible’, ‘sleeping’, ‘inactive
alert’, ‘locomotion’, ‘pacing’, ‘investigating’, ‘marking’, ‘feeding’, ‘self
maintenance’, ‘social activity’ and ‘agonistic behaviour’ (for definitions, as based
on previous work by the author, and also Weller and Bennett (2001) see Table
3.1). Avalue of 1 was recorded for any of these behaviours that occurred during
the one-minute interval, and a value of 0 was given to behaviours that did not
occur during the one-minute interval. In addition, the category of ‘inactive alert’
was given levels of low, medium or high, for separate analysis. The presence or
absence of keeping staff was also recorded every minute. One-zero sampling
was chosen for this study as it was sufficient to know whether or not a particular
behaviour occurred during a minute, in order to determine the pattern of
occurrence of that behaviour over time. One-zero sampling also enabled more
than one behaviour to be recorded each minute if necessary, in order to
determine the pattern of occurrence of each behaviour.
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Enclosure Use

Instantaneous sampling was used at alternate minute intervals to record the

location of the focal tiger in the enclosure in terms of the enclosure quarter, and

resource area in which the tiger was located (see Appendix 3.1 for an enclosure

map).

Table 3.1: List and descriptions of tiger behaviours recorded using one-zero sampling.

Behaviour Definition
Not visible Tiger is obstructed from view
Sleeping Tiger is lying sternally, laterally or on back. Eyes are closed and the animal’s body

Inactive alert
(low,
medium,
high)

Locomotion

Pacing

Investigating

Marking

Feeding

Self-
maintenance

Social

activity

Agonistic
behaviour

is relaxed showing little or no response to stimuli.

Tiger is not moving, remaining in one location, not engaging in any other activity,
but eyes are open. Different levels of inactive alert are as follows:

Low = tiger is lying down sternally, laterally or on back and is inactive and not
asleep but shows minimal responses to external stimuli, e.g., looks around with
eyes, and ears may move but otherwise little movement.

Medium = tiger is either lying down sternally or sitting up. Tiger is more responsive
to external stimuli and shows steady movements of eyes, ears or head towards
certain stimuli.

High = tiger is sitting up, standing, or possibly lying down sternally. Tiger is very
responsive to external stimuli and turns head quickly towards the source of stimuli.
Ear position, eyes and head show that the animal is very alert. May involve a
change in position, e.g., from lying down to sitting up. May be followed by a
change in behavioural state, e.g., locomoting to investigate a stimulus.

Activity involving movement of the whole body from one spot to another that is
greater than one body length of the animal. This may include running, trotting,
walking, jumping and climbing.

Repetitive and unvarying locomotion with the same route taken at least three
times. Animal may walk in a figure of eight and turn the same direction.

Exploration of environment. May involve sniffing objects or touching / scratching
them (different to scratch marking). May walk with nose to the ground.

Including spray marking, scratching objects (e.g., trees) with front claws, rubbing
objects with head or body, scraping ground with hind legs — may or may not be
followed by urination or defecation.

Ingesting food or water into the body from the environment, or food source.

Any single action towards themselves, e.g., scratching, grooming, licking. Animal
may use its tongue, its paw or its mouth to clean itself.

Animal interacts in a positive way with another animal of the same species. May
include head rubs, body rubs, mating, sniffing the other animal, playing, or
grooming the other animal.

Visual or vocal aggressive or threatening behaviour directed at another animal or
human. May include fighting, full or mock charges, lunges, bites, baring teeth
(excluding flehmen), pouncing (not play) and scratching. May or may not be
returned by another animal. Body may tense and ears flatten.
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3.2.3. Busyness

Busyness data were collected simultaneously with traditional behavioural
observations. Observers recorded busyness scores for the whole enclosure
(both tigers combined) every minute during the 30-minute observation periods;
from 10:00 until feed time. Data were collected on the same observation days
and times as traditional behavioural data (as described above) by the same
observers, covering every minute of the observation day at least 12 times
(maximum 20 repeats) to give a total of 110 hours and 28 minutes of
observations. As stated earlier, minutes after 16:40 were not regularly repeated
since the tigers were usually inside by this time (minimum n after 16:40 = 3, at
16:49). It should be noted for clarity that the total minutes of busyness
observation are not equal to the sum of the total minutes of male and female
observation as, on occasions, once a single tiger was let inside at the end of the
day busyness recording continued on the enclosure that now contained the
remaining tiger, even though traditional behavioural data observations had

stopped for the tiger that had gone inside.

The busyness of the tiger enclosure was rated on a scale from 1 to 5 (low to
high), reflecting the behaviour of both tigers over the preceding minute. A rating
of 1 was used to indicate that both of the tigers in the enclosure were very quiet,
for example, sleeping or inactive and hardly alert, and level 5 indicated that both
tigers were very busy, at the highest level of arousal and activity. For this study,
aimed at initially developing the method of busyness, behaviours at the different
busyness levels were suggested to the observers (as shown in Table 3.2),
however, the observers were aware that this was a subjective measure and gave

their scores based on their own opinions of the tigers’ behaviour.
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Table 3.2. Break-down of behaviours suggested to be seen at each busyness level, as
suggested to the observers.

Busyness  Definition Behavioural example Density example
1 Very quiet Sleeping or inactive, hardly alert Almost all animals in enclosure
> Quiet Inactive but alert, self Equal numbers of animals
maintenance, slow movement inactive to slow active

Locomotion or pacing of

3 Moderate ; - Almost all moderately active
moderate speed, social activity
4 Busy Higher levels Of. locomation or Majority of animals in enclosure
pacing
5 Very busy Highest level of arousal and All animals in enclosure

activity

3.2.4. Data analysis

For each behaviour and each tiger, results were calculated as proportions of the
total number of observations for each minute of the observation day in which the
behaviour was recorded. This was achieved by dividing the total number of times
a particular behaviour was observed for the same minute of the day by the total
number of observations taken at that minute over all of the repeats of
observations. The proportions of each behaviour were plotted and examined for
daily patterns. As an aim of this study was to investigate the detailed patterns of
tiger behaviour over time (indeed, Chapter 2 showed the need for detailed
patterns of behaviour in the study of predictability), proportions of each behaviour
were plotted for each minute of the observation day. As such, descriptive
analysis of the results was considered to be the most appropriate analysis (see
also Section 2.4), rather than grouping the data for inferential analysis, which
would lose detail of the behavioural pattern and potentially cause different results
depending on the groupings that were used. The current study did not involve
changing experimental conditions, therefore there was no need to group data for
comparison and it was more important to investigate the pattern of behavioural

change over time.

64



Chapter 3. Tiger Study

Analysis of enclosure use was carried out by calculating the proportion of
observations at each minute of the day in which each tiger was observed in each
guarter of the enclosure (areas A, B, C and D). After initial inspection of the data
on resource area use, it became apparent that a particular area of the enclosure
was used by the tigers following a temporal pattern, therefore enclosure use data
were combined for areas down the side of the enclosure adjacent to the
visitor/keeper pathway and the indoor quarters (as highlighted in Appendix 3.1).
The proportion of observations at each minute of the day in which each tiger was
observed in this new enclosure area was then calculated and analysed

descriptively.

The mean busyness score was calculated from all of the observations conducted
at each minute of the day, and the pattern of mean busyness levels over the
course of the observation period was plotted. Inter-observer reliability was
calculated using Cohen’s Kappa (Cohen, 1960), for observations of busyness
made by three pairs of observers who were able to observe simultaneously (but
independently), for up to 90 minutes during the course of the study. These data
were also tested for correlations between different observer’s rankings using a
Spearman’s rank correlation analysis. This was done in addition to the Kappa
analysis because it was possible that observers could give different absolute
values but still show the same patterns and trends. Proportions of behaviours
were also correlated (Spearman rank) against the mean busyness score.
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3.3. Results

3.3.1. Traditional measures of behaviour

Visual inspection of the results of the traditional behavioural observations
revealed that the occurrence of some behaviours changed throughout the day,
such that they formed patterns over the course of the observation day, whilst
other behaviours were more variable, and did not show a particular trend with the

time of day.

Behaviours showing a daily temporal pattern included locomotion, pacing,
sleeping and inactive alert. Locomotion for the male tiger (Figure 3.1) was
observed to peak at proportions (of observations at each minute) of over .80 at
the start of the day, the middle of the day and the end of the day, with the lowest
proportions (below .60) shown between 11:14-12:36, and 14:00-15:12. After
15:12, the proportion of observations showing locomotion behaviour rose to a
peak of 1 at 15:52 and remained high until the tigers’ feed time. The female
showed no clear pattern in locomotion behaviour between 10:01 and 12:41
(Figure 3.2) however, a decrease in locomotion behaviour was shown from a
proportion of .57 at 12:41 to a proportion of .08 at 13:21, after which time
locomotion increased to a peak of 1 at 16:09 (with an additional peak of 1 at
14:55), where it mostly remained until the feed time.

The male tiger showed higher levels of pacing than the female (Figures 3.1 and
3.2). The proportions of observations in which pacing was observed for the male,
were variable throughout the day, but generally decreased during the morning
from a proportion of .57 at 10:10, to .14 at 12:42, followed by an increase to a
peak of .63 at 13:30. Proportions then decreased in the early afternoon to .16 at
14:52, followed by an increase to .45 at 15:14, around which level the proportion
fluctuated until the feed time. A decrease in proportions was observed at the end
of the day, reaching .00 at 16:42. The female tiger showed low levels of pacing
throughout the day, with no particular trends until 15:43, after which time a trend
is shown for an increase in the proportion of observations in which pacing was
recorded, leading up to the feed time, with a maximum proportion of .50.

However, the proportion does still vary around this trend.
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Figure 3.1: Male Tiger. Proportion of all repeats of each minute of the day in
which a) locomotion and b) pacing was observed. The solid vertical line shows
the mean feeding time, the dashed line represents the mean keeper arrival time
(max. n for a data point = 20)
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The male tiger showed little or no sleeping at the end of the observation day.
This is particularly evident between 15:34 and the tigers’ feed time, between
which, sleeping behaviour was hardly ever observed. Some (variable) sleeping
was shown in the middle of the day, although the male tiger slept less than the
female. Proportions of observations in which sleeping was recorded for the
female tiger varied throughout the morning and early afternoon, with a slight peak
of .29 at 11:17 and another of .42 at 13:17. Proportions of sleeping then
decreased during the early afternoon until 14:37, after which time sleeping was

almost never recorded (Figures 3.3-3.4).

Separation of low, medium and high levels of inactive alert behaviour revealed
that medium and high levels contributed little to the overall proportions of inactive
alert and therefore did not merit separate analysis. The pattern of inactive alert
behaviour for the male tiger (Figure 3.3) shows an inverse trend compared to the
male tiger’s locomotion behaviour. Two peaks in inactive alert were shown, the
first at a proportion of .38 at around 11:38 and the second at a proportion of .47
at 14:42. Inactive alert reached very low levels in the middle of the day in
between these two peaks, and also decreased from a peak of .47 at 14:44 to .00
at 15:48, after which time, little or no inactive alert behaviour was shown until the
feed time. The female tiger showed an initial increase in inactive alert at the
beginning of the day (Figure 3.4), when proportions increased to .31 at 10:17.
After this time, no obvious pattern in inactive alert behaviour was shown until
13:43, after which time the proportion of observations gradually decreased from
.50 to .00 at 16:05. Little or no inactive alert behaviour was then shown until the

feed time.
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Figure 3.3: Male Tiger. Proportion of all repeats of each minute of the day in which
a) sleeping and b) inactive alert behaviour was observed. The solid vertical line
shows the mean feeding time, the dashed line represents the mean keeper arrival
time (max. n for a data point = 20)
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Behaviours that did not seem to show large variations or clear patterns over the
course of the day included investigating, marking, self-maintenance, social
behaviour, agonistic behaviour and not visible (Figures 3.5-3.10). Investigating
behaviours occurred at relatively low levels. Both tigers showed slightly more
investigating at the beginning of the observation day (maximum proportion: .31
for either tiger), and also in the middle of the day for the male tiger (peak
proportion of .31 at 13:22), however there were no other obvious patterns in
investigating behaviour throughout the day for either tiger (Figures 3.5 and 3.6).
Self maintenance behaviour was also performed only at low levels, particularly for
the male tiger who showed no particular pattern of self maintenance behaviour
throughout the day (Figures 3.5). Proportions of self maintenance behaviour for
the female tiger varied throughout the morning and then decreased to a low level
(mostly fluctuating around proportions of .00 or .05) from 14:01pm onwards
(Figure 3.6). Marking behaviour was also shown at low levels, particularly for the
female tiger, and showed no particular patterns throughout the day (Figures 3.7
and 3.8). Similarly, social behaviour showed no particular patterns in proportions
throughout the day (Figures 3.7 and 3.8). Proportions of observations in which
the tigers were reported to be ‘not visible’ were also low (Figures 3.9-3.10). Both
tigers showed a sudden peak in ‘not visible’ at the very end of the day, and the
male tiger showed slightly higher proportions of ‘not visible’ between 12:00 and
12:58 (maximum proportion of .26) (Figure 3.9). There were no other obvious
patterns in ‘not visible’ throughout the day. Feeding and agonistic behaviours

were shown at very low frequencies and hence are not presented here.
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Figure 3.5: Male Tiger. Proportion of all repeats of each minute of the day in which
a) investigating and b) self maintenance behaviour was observed. The solid
vertical line shows the mean feeding time, the dashed line represents the mean
keeper arrival time (max. n for a data point = 20)
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Figure 3.6: Female Tiger. Proportion of all repeats of each minute of the day in
which a) investigating and b) self maintenance behaviour was observed. The solid
vertical line shows the mean feeding time, the dashed line represents the mean
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Figure 3.7: Male Tiger. Proportion of all repeats of each minute of the day in which
a) marking and b) social behaviour was observed. The solid vertical line shows
the mean feeding time, the dashed line represents the mean keeper arrival time
(max. n for a data point = 20)
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Figure 3.8: Female Tiger. Proportion of all repeats of each minute of the day in
which a) marking and b) social behaviour was observed. The solid vertical line
shows the mean feeding time, the dashed line represents the mean keeper
arrival time (max. n for a data point = 20)
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Figure 3.9: Male Tiger. Proportion of all repeats of each minute of the day in which
the tiger was recorded as not visible. The solid vertical line shows the mean
feeding time, the dashed line represents the mean keeper arrival time (max. n for
a data point = 20)
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Figure 3.10: Female Tiger. Proportion of all repeats of each minute of the day
in which the tiger was recorded as not visible. The solid vertical line shows the
mean feeding time, the dashed line represents the mean keeper arrival time
(max. n for a data point = 20)
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Enclosure use results

The male tiger was observed in section B in a greater proportion of observations
than any other section (Figure 3.11). The trends in use of section B followed a
similar pattern to that of pacing for the male (Figure 3.12). Proportions of
observations in which the male tiger was in area B showed a peak of .92 at
13:04, decreasing to .40 at 14:08. Proportions then increased throughout the
afternoon to 1.00 at 16:46. The male’s use of sections A, C and D varied, but
were relatively similar in the morning, with the exception of a peak in the
proportion of area C at 12:30 (.50). Proportions of areas C and D decreased in
the afternoon and were very low (<.10) from approximately 15:50 until the feed
time. During this time the male was mostly recorded in either area A or area B.
The male tiger’s use of area A increased in the afternoon, particularly prior to the

feed time with a peak proportion of .58 at 16:30.

The female tiger was also observed in area B in a greater proportion of
observations than in the other areas in the morning (Figure 3.11), and until
approximately 12:29, proportions of observations in areas A and D were similar.
Proportions of observations in area C peaked at a value of .36 at 12:31, which
corresponded with a trough in the proportion of scans in area A. Proportions of
areas C and D remained at fairly similar, low levels throughout the afternoon and
both decreased in the late afternoon before the feed time (< .11 after 16:01).
After 13:31, the proportion of observations in which the female was recorded in
area B decreased and the proportion in area A increased. From this time until
approximately 16:27 the female was mostly observed in areas A and B with a
gradual increase in the use of area A and a gradual decrease in the use of area
B, until 16:27, at which point the use of area B increased to a peak proportion of
1.00, and use of area A decreased to a .00, at 16:43.

A closer look at the tigers’ use of areas A and B revealed a pattern in the use of a
specific area that comprised a 4m wide strip next to the fence along the entire

length of one side of the enclosure and in front of the entrance to the tiger house.
The definition of the enclosure areas meant that this also included the area within

1m of the perimeter fence on the other sides of the enclosure, except beside the

74



Chapter 3. Tiger Study

lion enclosure (see Appendix 3.1). Both tigers showed an increase in the use of

this area throughout the afternoon as feed time approached (Figure 3.13).
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Figure 3.12: Male Tiger. Proportion of all repeats of each minute of the day in which male tiger
was observed in enclosure area B, plotted against the proportion of all repeats of each minute of
the day in which pacing was observed. The solid vertical line shows the mean feeding time, the
dashed line represents the mean keeper arrival time.
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Figure 3.13: Proportion of all repeats of each minute of the day in which the a) male and b) female
tigers were observed in 4m wide strip next to the fence along the entire length of sections A and B
and in front of the entrance to the tiger house (Maximum n for a data point = 12, minimum = 6. n for
minutes after 16:40 is lower, as tigers were usually inside by this time). The solid vertical line shows
the mean feeding time, the dashed line represents the mean keeper arrival time.
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3.3.2. Busyness results
Busyness scores throughout the day

Mean busyness scores showed a slight decrease from 2.31 at 10:00 to 1.69 at
11:43, they then showed a plateau during the middle of the day and then
increased from 1.75 at 14:00, throughout the rest of the afternoon to a peak of
3.56 at 16:37 (Figure 3.14). A decrease in mean busyness was shown at the
very end of the day to 2.67 at 16:49.
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Figure 3.14: Mean busyness throughout the day (over all days of observation). The solid
vertical line shows the mean feeding time, the dashed line represents the mean keeper
arrival time (max. n for a data point = 20).

Inter-observer reliability

There was a high degree of agreement between the three pairs of students that
collected data for inter-observer reliability tests, with significant concordance
between their results (Kappa = .78 for all three pairs, p <.01; Table 3.3).
Spearman’s rank correlations between the students’ data were all positive with
values = .86, and significant at p < .01 (Table 3.3).
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Table 3.3: Cohen’s Kappa and Spearman’s correlations of busyness scores for sessions
in which two observers simultaneously collected data.

Inter-observer Kappa p N Spearman’s p N
reliability test value rho

Observer 1 & 84 p<.01 74 94 p<.01 69
Observer 2

Observer 3 & 89 p<.01 95 .90 p<.01 90
Observer 4

Observer 4 & 78 p<.01 65 .86 p<.01 60
Observer 5

Correlation of busyness with conventional measures of behaviour

Busyness showed statistically significant, positive correlations with locomotion for
the male tiger, and with locomotion and pacing for the female tiger, and showed
significant, negative correlations with inactive alert, sleeping and self
maintenance for the male tiger, and with inactive alert, sleeping, investigating and

self maintenance for the female tiger (Table 3.4).

Table 3.4: Spearman’s correlation coefficients calculated for mean busyness (over all
days of observation), for each minute of the study day, with proportions of behaviours,
observed for each minute of the study day (N for correlations = 250).

. . Inactive . N Self .
Locomotion Pacing alert Sleeping Investigating Maintenance Social

Male 59** .01 -.33** -.61** .04 -.14* -.01
Female .85** .36** - 73** =TT -.16* -.29%* -.03

Note. *p <.05, **p <.01

79



Chapter 3. Tiger Study

3.4. Discussion

3.4.1. Daily patterns of behaviour
Behavioural patterns prior to feeding

Both tigers showed patterns in the distribution of certain behaviours over the
course of the day. In particular, increases in locomotion and, to some extent,
pacing were demonstrated for both tigers in the lead up to the feeding time, with
corresponding decreases in inactive alert and sleeping behaviour. Increases in
locomotion in the lead up to feeding were particularly apparent, and the afternoon
increase in locomotion was the greatest increase in this behaviour over the day,

with proportions remaining high and stable prior to the feed.

These patterns of behaviour suggest that the tigers were becoming more active,
in anticipation of the feed. This may be considered to be a form of Food
Anticipatory Behaviour (FAA), as previously described in felids and many other
species (see Sections 1.2 and 1.4.2). For example, Mallapur and Chellam (2002)
found that captive leopards showed higher activity, and significantly lower
inactivity in the hour immediately prior to set feeding times, compared to a
randomly chosen observation hour after the feed. Similarly, Peters et al. (2012)
observed significantly higher activity in horses immediately prior to feeding,
compared to a baseline time of day (although pre-feeding data were only
reported from the time after feeding cues had commenced, which may have

influenced behaviour).

It was noted anecdotally in the current study that the tigers became more active
and animated as the feeding time approached and that, not only did locomotion
increase prior to the feed, but that locomotion became faster, with higher
occurrences of trotting and running (Bishop, pers. obs.). This is in agreement
with Mallapur and Chellam (2002) once again, who noted that as well as
increasing activity, the leopards became more ‘restless’ and ‘anxious’ prior to
feeding.

Female pacing levels were lower than those for the male tiger, nevertheless both

tigers showed an increase in pacing in the afternoon, leading up to the feeding

80



Chapter 3. Tiger Study

time (with the exception of the drop in male pacing immediately prior to the feed
time). This is in agreement with previous literature which has reported an
increase in felid pacing prior to predictable feeding times. For example, Altman
et al. (2005) and Carlstead, (1998) reported, for a range of felid species, that
pacing mostly occurred in the time prior to feeding, and Weller & Bennett (2001)
found significantly higher pacing prior to, than after feeding times. The relatively
high pre-feed levels of pacing in the current study suggest an influence of the
feeding time on pacing behaviour.

Both tigers showed patterns of enclosure use prior to the feeding time. During
the afternoon, and prior to the feed, the male tiger showed high use of area B and
the female tiger showed high use of areas A and B. More specifically, afternoon
use of areas A and B was largely restricted to a strip of the enclosure up to 4m
away from the fence and the indoor quarters (see Appendix 3.1), and use of this
area increased in the lead up to feeding time. This was the area along the
enclosure fence, from the area beside the indoor quarters (where the tigers would
later be fed), along the fence where the keepers would walk, to the fence at the
bottom of the enclosure from which the tigers could see the keepers approaching
from a distance. This is consistent with the findings of Mallapur and Chellam
(2002) who reported that, prior to feeding, the leopards used the area from which
they could see the approach of the keepers. Specifically, the leopards alternately
covered the area near to the off-show area where they were fed, and the fence
area from which they could see the keepers approaching with the feed. The
same is true in the current study, as the tigers were observed to walk along the
above mentioned strip of the enclosure, at varying speeds in the time prior to the

feeding time.

Altman (2005) reported that increased pacing in lions was directed at the night
quarters in which the lions would be fed, and was likely cued by the keepers
preparing the food. This was also observed in the current study upon arrival of
the keepers where the tigers increased their use of the area in front of their night

time quarters (Appendix 3.2), and female pacing was at its highest at this time.

It is possible that the arrival of the keepers to the enclosure could have acted as

a cue to feeding and hence feeding would then have occurred with signalled
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predictability (as discussed in Bassett & Buchanan-Smith, 2007 and in Sections
1.4.3 and 3.1.3). However, it is important to note that changes in behaviours and
enclosure use prior to the feeding time, began, and reached a relatively constant
high (or low) level, in advance of the arrival of the keepers to the enclosure
(mean observed keeper arrival time = 16:33). Thus, it appears that the tigers
were responding to the temporal predictability of the feeding time even before the
occurrence of a signal. This does not exclude the possibility that the tigers also
responded to the keeper arrival cue, indeed both the tigers were observed to
further increase their use of the area up to 4m in front of their night time quarters
upon the arrival of the keepers (see Appendix 3.2), and the male tiger decreased
pacing around the keeper arrival time. But prior to this, the tiger's behavioural
patterns were already changing in a manner consistent with anticipation of a

temporally predictable event.

This study has therefore demonstrated that a pair of tigers fed according to a
predictable feeding time, showed patterns in particular behaviours and in
enclosure use, in the time leading up to the feeding time. Thus it seems likely
that the tigers’ behaviour was affected by the feeding time, such that the
behaviour anticipated the feed. It should, however be noted that not all recorded
behaviours showed feed anticipatory patterns, and there were also patterns of
behaviour at other times of the day (as described below). Consideration of other
behavioural patterns should be made, in order to fully appreciate the extent of

those patterns related to the feeding time.

Other daily behavioural patterns

In addition to the pre-feeding peak in locomotion, the male tiger showed another,
albeit lower, peak in locomotion in the middle of the observation day. This peak
was not shown by the female tiger, who instead showed increased sleeping and
inactive alert behaviours at this time. Daily behaviour patterns can be affected by
many factors such as the light cycle, patterns of zoo visitor attendance, and other
cues to behaviour that vary systematically across the day (see Sections 1.1 and
1.2). Such may have been the case here, although particular cues could not be

identified at this time of day.
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The male tiger also showed a peak in pacing in the middle of the day, which was,
in fact greater than that shown prior to feeding. This suggests that, whilst it is still
possible that male pacing increased in anticipation of the feeding time, there may
be alternative or additional causes of the male’s pacing behaviour. Indeed there
can be many causes of pacing (see Mason, 1991). Additional causes for pacing
were also concluded in the study by Jenny and Schmid (2002) (as described in
Sections 1.4.2 and 2.2); stereotypic pacing for the male tiger was reduced with
the use of an automated box feeder when the pair of tigers were housed
together, but not when the male was housed individually. It was concluded that
when housed together pacing was a result of frustrated appetitive behaviour
(potentially akin to the pre-feeding pacing in the current study). However, Jenny
and Schmid suggested that when housed individually, pacing was due to another
factor such as separation from previously experienced social contact with
conspecifics. Further research would be necessary to determine the cues to
pacing in the middle of the day in the current study. Considering that the male’s
pacing followed the same patterns as his use of area B, an area which was close
to the visitor path, the relationship between visitor-related cues and pacing would
be worthy of further research, although there is only limited evidence of a visitor

effect on felid behaviour Hosey (2008).

Certain behaviours, including investigating, self maintenance, marking, social
behaviour, and not visible did not show a particular pattern across the day, or
even in the time immediately preceding the feed. Indeed, these behaviours are
rarely reported in the literature related to predictability. However, it is perhaps
surprising that investigating did not show a pattern related to feeding time, as it is
an appetitive behaviour which might be expected to change in the approach to
feeding. Shepherdson et al. (1993) found a connection between feed
predictability and investigation behaviour, as a reduction in the predictability of
leopard cat feeding resulted in greater ‘exploratory’ behaviours. However,
Shepherdson et al. provided multiple opportunities for feeding in order to reduce
the predictability, hence increased exploration would be necessary to retrieve
these feeds. In the current study, feeding opportunities were constant over the
day, and were never available in the outdoor enclosure, so exploration for food

was not necessary.
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As proportions of ‘not visible’ were low and relatively constant over the day, it is
possible to have confidence that the data were not distorted by periods of
‘unknown’ behaviour. The peak in not visible at the end of the day is due to the
tigers being let inside the indoor quarters during some observation minutes at this

time, an area which was not visible to the observers.

3.4.2. Evaluation of traditional behavioural results

The method employed in this study enabled the recording of behaviour
throughout the day. Descriptive analysis of the data determined patterns of
increase or decrease in the lead up to the feeding time. However, it should be
noted that the current study used only descriptive analysis, and without inferential
statistics to indicate the likelihood that these patterns would be present in a
population, and without systematic replication to indicate their generality, any
inferences from these data should be made with caution. However, the
behavioural patterns described, were achieved over a substantial number of
repeat observations. It therefore seems reasonable to suggest that these

patterns can be held with a degree of certainty.

The increases in locomotion and pacing behaviour prior to feed time follow similar
general patterns to those seen in the scalloped curves created in laboratory
studies of fixed interval timing, where an animal’s operant responses increase
during the time preceding the fixed interval time (e.g., Dews, 1978; Lejeune &
Wearden, 2006 and as described in Section 1.2). The method employed in the
current study therefore enabled detailed interpretation of patterns of behaviour,
allowing identification of: precise times of low and high proportions of behaviour,
the time at which the behaviours started to increase (akin to the ‘break-point’ in
studies of short interval timing, as described by Lejeune and Wearden [2006])
and the length of time that a behaviour was sustained prior to the feeding time.
In a zoo environment, and in the absence of automated recording of operants,

this seems a useful method for identifying the effects of predictable routines.

An aim of this thesis was to explore the effect of predictable routines on zoo

animal behaviour through description of behavioural patterns over extended
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periods. This was achieved in the current study. For example, increases in
locomotion were found to begin approximately 1.5 hours before the feed for the
male tiger, and even earlier for the female tiger, and high levels of locomotion
were sustained for over 30 minutes prior to the feeding time. Had the current
study sampled only the 30 minutes or 1 hour prior to the feed (as discussed in
Section 2.2), then these details would have been lost from the data. The
extended time period of observation in the current study also allowed for
determination of behavioural patterns before the arrival of the keepers, and
associated feeding cues. Such feeding cues are often either not reported or are
a potential confound in timing studies, for example Altman et al. (2005)
suggested that feeding cues may have influenced lion behaviour in their study,
and Peters et al. (2012) only reported horse behaviour after feeding cues had
commenced, despite collecting data prior to these cues. Information on
behaviour prior to the feeding cues would have given more detail on the effect of
temporal predictability. A strength of the current study was that the analysis of
extended periods allowed for complete interpretation of behavioural patterns

related to the timing of feeding.

It must be taken into consideration that whilst a possible association has been
identified between the set feeding time and behavioural patterns, without
manipulation of the feeding time, this conclusion cannot be confirmed. Itis
possible that these behaviour patterns are not pre-emptive of the forthcoming
feed and instead may be caused by some other environmental variable (such as
changes in light or temperature levels, or visitor numbers, or being let inside the
sleeping den, which happened at the same time as feeding). Whilst it seems
reasonable to use the current data in association with previous literature to
suggest an effect of the feeding time on tiger behaviour, further study would be
required to firmly support to this conclusion. Specifically, feeding times should be
manipulated (and separated from other husbandry events) to determine whether
behavioural patterns are shifted according to the new feeding routine. If
increases or decreases in behaviours could be demonstrated prior to the new
feeding time, this would provide evidence that these behaviours were indicative

of anticipation. This would help to establish an anticipatory role for those
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behaviours which also peak at other times of the day, when anticipation would

not be expected.

It should also be taken into consideration that this study used only two
individuals, with institution-specific husbandry and enclosure influences. It would
be unwise to generalise the findings to other settings without caution. However,
the results of the current research were consistent with previous literature and
extend knowledge on patterns of anticipatory behaviour. In order to replicate this
study and increase the sample size, a great deal of observation time would need
to be committed. Section 3.4.4 (below) will discuss a suitable method for such

observation.

It should be noted that during the first half of this study a visitor viewing platform
was in the process of construction close to area A, and was opened for visitor
use approximately half way through the study period. It is therefore possible that
this influenced the behaviour of the tigers. However if this were the case, any
such effects would have been experienced throughout the day, and daily
variation in its influence on behaviour would not be expected. It therefore seems
unlikely that this viewing platform affected the tigers’ patterns of behaviour
overall. Nevertheless, further study once building work had ceased and the tigers
had become habituated to the platform would be recommended for comparison.

During the course of this study, certain behaviours were observed which may be
worthy of inclusion in future research. For example, increased speed of
locomotion was noted prior to feeding time. Running, trotting, and walking were
not separated in the current definition of locomotion, however, future work should
observe the various speeds of locomotion in order to determine whether these
different types of locomotion vary systematically in the approach to feeding time.
Indeed, this was incorporated in the study to be described in Chapter 4 (which

explored the behaviours associated with changes in assessments of busyness).

The tigers were also observed to walk up and down the 4m strip of the enclosure
near the path and indoor quarters. This behaviour was repetitive in nature but did
not fit the precise definition of pacing used in the current study as identical routes
were not taken on each pass. A new category of ‘repetitive walk’ was therefore
added in to Chapter 4, to account for this behaviour.
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Finally, it was also noted that as the feeding time approached, the tigers became
more alert (as discussed in Section 3.4.1) and frequently stopped to look in the
direction from which the keepers would approach. Part way through the data
collection period it was attempted to incorporate this ‘stop and gaze’ behaviour
into the method. However as the observers found it difficult to accurately record
gaze direction, this behaviour was not included in further analysis. In future work
it may prove useful to develop a reliable measure of gaze direction in order to
determine whether the tigers increase their lookout for the keepers, prior to

feeding.

3.4.3. Busyness results

Busyness data showed distinct patterns over the day and in particular during the
afternoon, where mean busyness increased in the lead up to feed time. This
pattern of increasing busyness started over 2 hours before the mean keeper
arrival time, and coincided with an increase in locomotion prior to the feed.
Indeed, busyness was significantly and positively correlated with locomotion for
both tigers. Busyness was also positively correlated with pacing for the female
tiger, and was significantly negatively correlated with inactive alert and sleeping
for both tigers. These correlations with inactive alert and sleeping seem logical in
light of the afternoon decreases in these behaviours. The increase in busyness
leading up to the feeding time (and correlated increase in locomotion and
decrease in inactivity) could be considered to indicate food anticipatory activity,

suggesting that busyness was successful in capturing anticipatory behaviours.

3.4.4. Evaluation of busyness

As described above, busyness was successful in capturing anticipatory
behaviours, and showed patterns in the time leading up to feeding. Busyness
results were also achieved with good inter-observer reliability, thus providing
support for the use of this measure. Landis and Koch (1977) categorised Kappa
scores of 0.61-0.80 as substantial agreement between observers, and 0.81-1 as

almost perfect agreement. Therefore the values achieved here of 0.78, 0.84 and
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0.89 are evidence of good reliability of busyness scores between observers.
Correlation analyses also revealed good inter-observer reliability, with significant
correlations between busyness scores from different observers. These
correlations demonstrate that the observers agreed in terms of the trends in
busyness that they recorded, therefore even if the different observers did not
always record exactly the same numerical scores, they agreed that the busyness
of the tigers increased or decreased at the same time. This inter-observer
reliability implies that the subjective ratings were usefully related to actual

changes in the scene observed.

Busyness results correlated with a number of behaviours related to anticipation,
suggesting that it is a useful composite measure of behaviour and anticipation.
Previous research on many species has revealed changes in a number of
behaviours in relation to predictability, for example pacing in felids (Carlstead,
1998), vocalisation in Francois’ langurs (Krishnamurthy, 1994) and
activity/inactivity in chimpanzees and felids (Bloomsmith & Lambeth, 1995;
Mallapur & Chellam, 2002), and no single behaviour is apparent as constituting
anticipation of a predictable event (Reebs & Gallant, 1997). Indeed, it may not be
possible to specify in advance the changes in behaviour that anticipate a
predictable event. Busyness could therefore be a useful combined measure of
behaviour for such studies, since this measure does not focus on one, specific

behaviour, but encompasses all behaviours of the animals in the enclosure.

As described in Section 3.4.1, it was observed that the tigers showed descriptive
or qualitative changes in behaviours prior to the feeding time, such as increased
animation and speed of locomotion, and increased levels of alertness. This was
also observed by Mallapur and Chellam (2002) who described the leopards in
their study as ‘restless’ and ‘anxious’ prior to feeding. Such descriptive qualities
of the behaviour were not accounted for in the one-zero, ethogram-based method
of data collection, but could be taken into consideration when assigning a
busyness score. This quality may be useful in future research as an alternative
to analysis of individual behaviours, where small changes may not show a clear
effect. This has been cited as an advantage of other qualitative measures
whereby, as a result of their integrative nature, the observer is able to combine
many pieces of information which would normally be recorded separately, thus
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offering improved clarity (through ease of interpretation) of the results (Meagher,
2009; Wemelsfelder, et al., 2000). It is important to evaluate such advantages of
gualitative measures alongside the potential disadvantages of, for example,
unreliability and bias (as described in Section 2.6). However, these
disadvantages can be overcome with suitable testing of the reliability and validity
of the measure. Good inter-observer reliability and validity were demonstrated in

the current study, and will be further explored in Chapter 4.

Busyness scores showed a decrease at the very end of the observation day. At
that time one tiger had been let into the house and the other tiger was waiting to
be allowed inside. This drop of busyness may be a genuine reflection of the
remaining tiger’s behaviour at this time, or it may be an effect of the fact that the
observers were now only watching one tiger and hence dropped their busyness
ratings. In further research, it should be emphasised to observers that busyness
is a measure of all animals in the area of observation, in order to reduce any
potential confusion. However, it should be noted that the data for times after
16:40 are based on only a few repeat observations as the tigers were usually
inside by this time.

The observers in the current study required substantial training in order to collect
data using the traditional observation methods. However this was a relatively
straightforward study with only two animals. Future work, with a more
complicated design may require even more training, in addition to the time
required to collect data. In contrast, training for busyness was only a small
component of the training time; hence this measure may prove useful in future
work. The extent of training required for the application of busyness will be

further investigated in Chapter 4.

In the current study, definitions were provided for each of the five busyness
ratings. It was decided that for the rest of this thesis, busyness would be
investigated using definitions for only the anchor points of the scale (the extreme
ratings of 1 and 5). The more defined this measure becomes, potentially the
more reliable it will become, but it will also become less subjective and will
require more training and experience to use. Whilst the training requirement in

the current study was relatively short, if busyness can be shown to be reliable
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and valid when training is only necessary for the anchor points, then training and
preparation time would be further decreased, thus making busyness a quick and
easily accessible method, and potentially useful for further study to increase the
sample size. Therefore this revised version of the scale was used in Chapter 4.

3.4.5. Wider implications and further thoughts

Whilst this study was not designed to assess the welfare implications of
predictable routines, it should be noted that the tigers’ daily routines involved well
defined patterns of pacing (as discussed in Section 1.3) and restricted enclosure
use for a large period of the afternoon. Thus, this study has demonstrated how
detail on patterns of behaviour can be ascertained, providing scope for further
research into the welfare effects of such patterns. Further work is recommended
to compare the effects of using an unpredictable feeding schedule, or provision of
multiple daily feeds, as these methods have previously been found to reduce
stereotypies and increase behavioural diversity in felids (e.g., Jenny & Schmid,
2002; Shepherdson, et al., 1993). Feeds during the day in the outdoor enclosure
could stimulate appetitive foraging behaviour during the day. An increase in
opportunities for appetitive foraging behaviours with the provision of feeding
boxes led to reduced stereotypic behaviour in tigers (Jenny & Schmid, 2002), and
a similar conclusion could be drawn from the work of Shepherdson et al. (1993)
where an increased number of daily feeds led to increased exploratory behaviour

and decreased stereotypy in leopard cats.

The effect of environmental enrichment on patterns of behaviour, and the effect
of the timing of enrichment provision, in relation to food anticipatory behaviour is
also a route for further research. Such research would open a new dimension in
the study of environmental enrichment, as few studies investigate the effect of
enrichment timing on its ‘effectiveness’. Environmental enrichment can be used
to give control to the animals (Sambrook & Buchanan-Smith, 1997).
Predictability and control are both important to animal welfare and can be linked
(as discussed by Bassett & Buchanan-Smith 2007; Waitt & Buchanan-Smith,
2001, and in Section 1.4.3). Whilst the tigers’ feeding time was predictable in the
current study, the tigers had no control over its occurrence, and this may be a
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reason for the pre-feed patterns of behaviour. It should therefore be investigated
whether environmental enrichment could offer the tigers more control over their
environment, and hence influence patterns of behaviour. For example, Jenny
and Schmid (2002) reported that the introduction of feeding boxes which tigers
had to check and open, gave the tigers control over their feeding (in addition to
creating an unpredictable feeding routine), which resulted in a decrease in

stereotypic behaviours.

Further research could also investigate the effect of providing a reliable signal to
feeding. Bassett and Buchanan-Smith (2007) recommend using a unique,
reliable signal to announce feeding, with the aim that the animals would associate
this signal with feeding, and reduce associations with other unreliable signals
(which could lead to frustration). However, in the current study the tigers already
received a signal for feeding; the arrival of the keepers. Whilst this could be
argued to be an unreliable signal, as the keepers also visited the enclosure at
other times of the day, such visits were infrequent, and their arrival at the end of
the day clearly announced the feeding time. Bassett and Buchanan-Smith (2007)
suggest that providing a predictable signal would facilitate feeding at
unpredictable times, however in the current situation, temporally predictable
feeding was used for management reasons and (as established in Section 3.4.1)
the tigers responded to the temporal predictability of that feeding time, and
changed their behavioural patterns long before a signal would become useful.
Therefore, in this situation, Bassett and Buchanan-Smith’s recommendation of
signals is unlikely to be relevant. The detailed patterns and durations of
behaviours provided in the current results were therefore beneficial to this

interpretation.

3.4.6. Summary and conclusions

The current study has been successful in identifying some patterns of behaviour
which anticipate a predictable feeding time. As predicted, locomotion and, to
some extent pacing behaviours showed increases prior to feeding, and sleeping
and inactive alert behaviours decreased. These results demonstrate that, despite
the fact that tigers are opportunistic hunters (Chundawat, et al., 2011), that adapt
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their behaviour to feed at potentially any time of the day or night, (e.g., Nowell &
Jackson, 1996; O’Brien, et al., 2003; Seidensticker & McDougal, 1993; Sunquist,
1981), when fed according to a predictable routine in captivity, behaviour can
become fixed into a regular pattern that commences well before the feeding time.
These data further support the existing literature on felid behaviour in relation to
predictable routines, and suggest that animal managers should take the timing of
feeds into consideration when organising their husbandry routines. Further
investigation would be necessary to determine precise welfare implications of
such behaviour; however this study has demonstrated both the existence, and
extent of behavioural patterns that can be caused by predictable routines.
Manipulation of the tiger feeding regime was not possible for management
reasons and also due to the birth of tiger cubs at the end of this study, therefore
further work in this thesis (e.g., Chapters 5, 6 and 7), involving direct
experimentation of the effects of predictable and unpredictable routines, was

carried out with other species.

Busyness results demonstrated a pattern of increase leading up to feeding time,
with significant correlations with traditional measures of behaviour, and hence
was successful in capturing anticipatory behaviours. Busyness was determined
to be a composite measure of behaviours incorporating descriptors of those
behaviours such as increased alertness and speed of movement. Thus
busyness has provided an overall interpretation of the tigers’ anticipatory
behaviour. That the mean busyness data contained patterns and correlated with
specific behaviours suggests that busyness scores were not randomly assigned,
and instead corresponded to actual trends in tiger behaviour over the day, thus
providing initial validation of the measure. Inter-observer reliability was also
found to be good, providing support for the future use of this measure in the study
of anticipation. Despite this, in Chapter 4 it will be necessary to further explore
the reliability and validity of this measure, and its relationship to more traditional

measures of behaviour.
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Chapter 4

Development of busyness; a subjective measure of

animal behaviour

4.1. Introduction

Chapter 2 argued the case for the development of a subjective measure that can
be used with multiple observers, in the study of predictability (and potentially in
other research). ‘Busyness’ was suggested as one such measure and this
chapter describes a series of studies that were carried out to develop and test
this measure. Subjective, or qualitative measures, must be tested for both
reliability and validity in order to demonstrate their value (Meagher, 2009), and
busyness must undergo such testing in order to assess its value as a measure of

behaviour.

The current chapter describes four studies that were carried out in order to test

the utility of busyness as a suitable measure in the study of predictability.

4.1.1. Reliability

Subjective measures must be tested to ensure that they can be used reliably, and
therefore provide consistent and repeatable results. This is particularly important
for measures such as busyness, which are designed to be used with multiple
observers, hence a high level of inter-observer reliability (also called inter-rater

reliability) is important. The intra-observer reliability; the consistency within
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ratings of a single observer, can also be tested. However, Meagher (2009) has
noted that this form of reliability has only been reported in a few studies of
behavioural ratings.

Reliability of subjective measures is usually established prior to testing for
validity, since a measure is of no use if it is not reliable (Meagher, 2009).
Demonstrating reliability can be a first step in showing that, whilst subjective, a
measure does not produce arbitrary results, rather there is consistency in the
data. According to Wemelsfelder (1997) “If satisfactory reliability can be
established, it follows that the qualitative assessment of behaviour can be
submitted to systematic and repeatable procedures of measurement. This should
be sufficient to endow a subject-based approach of animal behaviour, despite its

non-mechanistic character, with objective, scientific status.” (p. 85).

Reliability has been demonstrated in several subjective measures (albeit with
differing definitions of what constitutes ‘good’ reliability). For example, in a study
by Gosling (1998), personality ratings of 34 spotted hyenas (Crocuta crocuta)
were made by 4 observers who knew the hyenas well. Reliability was tested
using what the author described as coefficient alpha reliabilities (presumably
Cronbach’s alpha), and a mean alpha reliability of .71 was calculated. Reliability
levels of over .70 have been recommended as satisfactory (Nunnally, 1978)
(although other levels are often reported as acceptable), and Gosling concluded
that the observers were able to consensually apply the personality traits to
hyenas. It should be noted that this mean was calculated from a range of
reliability values from .05 to .90, therefore some traits were rated with low
reliability. However, Gosling stated that these scores were at least as high as
those found in single-item scores in similar studies carried out on humans. As
mentioned in Section 2.6, since personality measures take the form of observer
ratings, they are subjective or qualitative and hence open to the criticisms often
afforded to subjective measures in general. Nevertheless, if in cases such as
Gosling (1998), the reliability of such measures can be established, one can have
more confidence in their value. The range of reliability scores achieved by
Gosling also emphasises the importance of testing and reporting reliability for all

aspects of subjective measures.
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In a later review of the animal personality literature, Gosling (2001) found good
reliability of trait ratings across a range of personality studies, and calculated a
weighted grand mean correlation of .52, across 375 separate reliability estimates.
This was made up of a wide range of reliability estimates, ranging from .08 to .95.
However the author considered the overall value to be substantial, and to
compare favourably with equivalent correlations in the human personality
literature. These examples demonstrate how reliability testing can support the
use of a measure, but they also highlight inconsistencies in the acceptable

reliability level.

In studies of black rhinoceros and cheetah behavioural traits (Carlstead, Mellen,
et al., 1999; Wielebnowski, 1999), inter-observer reliability of the trait ratings was
tested using Kendall’s coefficient of concordance between the trait rating scores
for individual animals that were given by the observer and/or by keepers. Most
traits obtained good levels of inter-observer reliability. Those, few traits for which
low levels of concordance were obtained, for example, traits with a reliability (W)
value of less than 0.50 and associated p values greater than .05 (Wielebnowski,
1999) were excluded from further analysis, thus demonstrating that testing for
reliability can ensure that those subjective measures which go forward for further
use, are robust. Similarly, Freeman et al. (2010) compared ratings for elements
of elephant social behaviour, given by keepers of 33 female elephants at 14
facilities. Behavioural elements for which the reliability of ratings had p-values
above .05 on a given elephant (Kendall's coefficient of concordance), were
removed from the rest of the analysis. Lloyd et al. (2007) also used a similar
technique for developing the Horse Personality Survey (HPS). Sixty one horses
were each rated by at least two raters, on a series of 30 behaviourally defined
adjectives such as ‘active’ and ‘curious’. Reliability of the scores for each horse
was tested using Kendall’s coefficient of concordance, and the reliability of scores
for each adjective were correlated between observers using Spearman’s rank
correlation. Those horses and adjectives for which reliability was not statistically
significant (p > .05) were removed from further analysis. This allowed for reliable
data on 25 behavioural adjectives, from 44 remaining horses, to be used in
Principal Components Analysis, to extract the components of horse personality.

After removal of the unreliably scored horses, reliability between raters was high,
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with W and rs values of .61 and .51 respectively, values which the authors claim

are comparable to other studies on animal and also human personality.

Inter-observer reliability of behavioural traits has been demonstrated in studies of
chimpanzees and orang-utans using intraclass correlations (ICC) (e.g., King &
Figueredo, 1997; King & Landau, 2003; Weiss, et al., 2006). In each of these
studies, several observers at different zoos rated a number of apes on different
personality traits. Intraclass correlation coefficients were calculated using the
ICC (3,1) and (3,k) models (Shrout & Fleiss, 1979), which are based on a two-
way ANOVA, and treat the observers as fixed effects, and calculate reliability for
a single observer and for the mean of multiple observers respectively. Values of
ICC varied between the different traits that were rated, with minimum values of
.20 and .40, and maximum values of .79 and .91 (ICC (3,1) and (3,k)
respectively) across the three studies cited above. Values such as these are
often considered acceptable, comparing favourably to similar reliability scores for
human personality traits. For example, McCrae and Costa (1987), who assessed
the five-factor model of personality in humans and reported ICC values between
raters of .30-.65. However Portney and Watkins (2000) suggest that ICC values
over .75 are required for good reliability, and Chang (n.d.) suggests that ICC
values of .70-.80 indicate strong agreement with values of >0.8 indicating almost
perfect agreement (with 0-0.2, 0.3-0.4 and 0.5-0.6 indicating poor, fair and
moderate agreement respectively).

The Free Choice Profiling (FCP) method (as described in Section 2.6) has also
been shown to be reliable. In early tests of this method (Wemelsfelder, et al.,
2000) observers independently decided upon descriptive terms for the
behavioural traits of pigs. Each pig was then given scores for this term of either a
1 (trait present) or a O (trait absent). When tested for reliability using GPA
analysis, significant agreement was found between observers in their
assessment of pig behaviour. When the FCP method was expanded and
observers were asked to give trait ratings using a visual analogue scale instead
of the 1 and 0 scoring system, observers still showed good agreement in their

assessments of pig behaviour (Wemelsfelder, et al., 2001). Indeed,

96



Chapter 4. Development of busyness

Wemelsfelder (2007) stated that, in 10 years of research using the FCP method,
over 60 trials have demonstrated significant agreement between observers.

4.1.2. Validity

After demonstrating the reliability of observer ratings, the next step is to test for
validity (Whitham & Wielebnowski, 2009). A review of the use of observer ratings
and qualitative methods by Meagher (2009), states that validity of such methods
needs to be tested “to ensure what is being measured is actually the
phenomenon of interest” (p4). Whilst reliability demonstrates the agreement
between observers, it does not demonstrate the ‘relevance’ of the measure,
hence validity testing is required. Therefore, it was important to test busyness for

validity in addition to reliability testing, in the present programme of research.

A number of different types of validity are recognised, as discussed by Cronbach
and Meehl (1955) and more recently, in the context of animal behaviour data
collection methods, by Meagher (2009) and Whitham and Wielebnowski (2009).
Firstly, content validity considers the extent to which the items in the method
being validated actually represent the construct for which the method is intended.
This is usually established by a number of experts who assess the
appropriateness of the items. Secondly, criterion validity involves comparing the
results achieved by the method to a “gold standard” of measurement. For
example results could be tested against known clinical or laboratory data such as
blood counts. However studies involving animal welfare rarely use this type of
validity due to the lack of a “gold standard” for comparison (Whitham &
Wielebnowski, 2009). A third type of validity is more commonly used when
testing methods of animal behaviour, that of construct validity. Construct validity
is achieved by testing the method to be validated against the closest other

measure, for example behavioural observations or physiological measures.

Existing subjective measures have undergone tests for validity, including tests for
construct validity. For example, Jones and Gosling (2005) reviewed studies of
behavioural traits and temperament in domestic dogs and found evidence of

validity by comparison with behavioural observations. Of the studies reviewed, in

97



Chapter 4. Development of busyness

which subjectively rated behavioural traits were validated against specific
behavioural measures such as play, locomotion or flight behaviour, results
generally supported the validity of the qualitative measures of temperament.
Validity coefficients in the studies reviewed (with the strongest interpretable mean
validity coefficient reported as .48) compared well against benchmark values
found in similar studies on humans, where such correlations are typically in the
range of .20 - .30 (Jones & Gosling, 2005).

The FCP method has also undergone tests for validity. For example, Rousing
and Wemelsfelder (2006) carried out a study in which 12 observers used the FCP
technique to rate the behaviour of dairy cows in 25 video clips of cow behaviour.
Quantitative data were also collected from the video by measuring the frequency
and duration of certain behaviours from an ethogram. Qualitative data were
analysed using the GPA (as explained in detail in Wemelsfelder et al. [2000] and
Wemelsfelder et al. [2001]) to produce ‘consensus profiles’ which were then
correlated (Spearman rank) with the behavioural frequency and duration data
observed. Results showed significant correlations between qualitative scores
and quantitative measurements for certain behaviours such as social licking and
head butting. In a similar test on the FCP method, this time on pig behaviour, the
results of the GPA analysis showed significant Pearson correlation with
guantitative data on behaviour (Wemelsfelder et al., 2003). Wemelsfelder (2007)
stated that in 10 years of research on the FCP technique, tests of validity have
shown meaningful correlations between qualitative and quantitative measures of
behaviour, demonstrating that through suitable validity tests, subjective methods

can provide useful data on the topic of investigation.

Correlations of qualitative data with more traditional measures of behaviour have
been used to validate personality measures. For example, Pederson et al.
(2005) rated personality factors of chimpanzees, using terms such as
extraversion and agreeableness. Frequencies of 25 behaviours were also
recorded and results showed significant correlations of the personality factors
with certain behaviours, which was interpreted as showing good construct validity
for the personality factors. In their study to develop the Horse Personality Survey
(HPS) (as described in Section 4.1.1), Lloyd et al. (2007) also validated the
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measure against behavioural observations. Horses were observed by continuous
observation for eight, 15 minute observation periods over a period of several
days. Spearman’s rank correlations were then carried out on the durations of
observed behaviours, with the components of horse personality. It was found
that 20 of the observed behaviours were significantly correlated with the
components of personality, for example the component ‘dominance’ was
significantly, positively correlated with behaviours such as ‘herding’, and ‘head

threat given’.

Other methods used for validating qualitative measures have included comparing
ratings of behavioural traits to objective measures of a specific behavioural
response. For example, in their study of black rhinoceros, Carlstead, Mellen et
al. (1999) compared behavioural trait ratings with results from a novel
object/scent test. Significant correlations were found between particular
behaviours and behavioural trait ratings. For example, the trait ‘fear’ was
correlated with a long latency to approach the novel scent. To validate measures
of behavioural traits in cheetahs, Wielebnowski (1999) recorded the behaviour
and approach time of cheetahs to their mirror image and these were correlated
(Spearman rank) with specific, relevant behaviours. Significant correlations were
found. For example, the trait ‘curious’ was correlated with approach time, where
more ‘curious’ individuals took less time to approach the mirror image, and the
trait ‘aggressive’ showed a positive correlation with agonistic vocalisations. In
both of these studies, validation was achieved with evidence of correlation
between at least some aspects of traditional measures of behavioural
observation. It is important that traits are correlated with appropriate behaviours,
to demonstrate an appropriate link between the trait and the behaviours that it

measures.

4.1.3. Application

As an extension to testing validity, it is important that a measure can be
practically applied to a study. Whilst tests of the construct validity of subjective
measures, such as those previously described, typically focus on the detail of
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correlations with particular behaviours, it seems sensible to suggest that the
applicability or utility of a measure, and the degree to which it reflects behavioural
changes with changing experimental conditions, is also an important aspect of
validity. Whilst this is also an element of construct validity, it takes testing of the
measure a step further towards suitability for general use, than the literature

described so far.

Establishing validity and applicability should mean that results will be useful and
meaningful when the measure is applied to a scientific question. For example,
Minero et al. (2009) were able to validate a method of behavioural assessment of
horse behaviour, and apply it to the study of the effect of handling, on foals’
responses to an unfamiliar human. Instantaneous scan sampling of behaviours
(quantitative) and FCP descriptions of behaviour (qualitative) were derived from
video clips of foals before and after a period of daily handling. Results indicated
that elements of each method were highly correlated with each other, and each
method captured a difference in the behaviour of the horses before and after
handling. Interestingly, this difference was found using both methods but was
only statistically significant for the qualitative (FCP) results. The authors
suggested that the study showed a meaningful relationship between the
gualitative and quantitative measures and both are useful measures of foal
behaviour. Further, they suggested that the qualitative measure can add to the
data obtained by quantitative methods, and can provide an interpretive element

to quantitative data.

The success of Carlstead, Mellen et al.’s (1999) validation of measures of
behavioural traits in black rhinoceros allowed them to use these measures in a
study on the effects of the zoo environment on black rhinoceros reproductive
success (Carlstead, Fraser, et al., 1999). Findings showed that two particular
behaviour traits (‘dominant’ and ‘chasing/stereotypy/mouthing’) were affected by
the enclosure type and were negatively correlated with breeding success in
males and females. Also, it was found that behaviour traits affected the success
of rhinoceros pairings for breeding, whereby assertive females and submissive
males made compatible pairs. Thus the qualitative measures revealed important

results for the captive management of black rhinoceros.
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As a result of testing the reliability and validity of the HPS (Lloyd, et al., 2007), it
was possible to use this survey in a further study to determine differences in
horse personality between breeds (Lloyd et al., 2008). The HPS was used to rate
personality traits of 1223 horses from eight different horse breeds, and it was
determined that there were significant differences between the personality of
horses from the different breeds, with the ‘Anxiousness’ and ‘Excitability’ trait.
Thus validation in the above examples, determined the subjective measures to

be useful tools in studies of animal behaviour.

4.1.4. Instructions and training

Few studies using subjective measures of animal behaviour offer details on the
instructions that are given to observers about using the rating scales; such as
details on the anchor points (the points at the extremes of the scale), for example
Carlstead, Mellen et al. (1999) and Wielebnowski (1999) list only the categories
rated, and how the ratings were made e.g., on a 1-5 scale, or by marking on a
visual analogue scale. Also, few studies have investigated the effect that
instructions can have on the results. Perhaps the most detailed instructions are
published for FCP studies (e.g., Wemelsfelder, et al., 2000; Wemelsfelder, et al.,
2001), in the sense that the observers generate their own descriptive terms to
rate. This is, in effect, the lowest level of instruction that the observers could
receive, as by defining their own traits, they have set their own anchor points for
the rating scale. The FCP method has been tested, and found to be reliable and
valid, even with this low level of instruction (e.g., Wemelsfelder, et al., 2000;
Wemelsfelder, et al., 2001).

In a meta-analysis of scales used in marketing research, Gilbert et al. (1984)
stated that a problem of the marketing and social science literature is “the relative
absence of information about the effects of research design choices on reliability
and validity estimates” (p 360). The authors posed a number of questions
relating to the sampling, and measure characteristics of rating scales, including
the effect of labelling the points on a scale, on the reliability of a scale. Gilbert et
al. (1984) compared 144 coefficients of reliability of rating scales used in
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marketing and social science journals and hypothesised that those scales for
which all of the points of the scale were labelled, would have higher reliability
scores than for those scales for which only the polar points of the scale were
labelled. However, their results showed similar reliability scores for rating scales
with these different levels of description, and the hypothesis was not supported.
Whilst Gilbert et al.’s (1984) results suggest that there may be no difference in
the reliability of scales using different levels of detail in the descriptions of the
scale points, their study compared reliability scores obtained for different rating
scales rather than comparing the same scale with different labelling. There has
been little work done, investigating the reliability of the same scale, when used
with differing levels of scale description and instruction. Gilbert et al. (1984) were
unable to investigate the effect of different wordings provided for ratings scales
as “most reports failed to include the actual scale employed” (p 370). Whilst
Gilbert et al’s (1984) study is relatively old, there is little other literature that
addresses this aspect of rating scale design, particularly in the animal behaviour
literature. An aim of the present chapter is to explore the effect of the level of

instruction detail on scale reliability, in a study of zoo animal behaviour.

4.1.5. Introduction to the busyness studies

The studies cited in this chapter demonstrate that, whilst subjective measures
may, at first glance be open to criticisms of inaccuracy, bias, or
anthropomorphism (as mentioned in Section 2.6), such measures can be shown
to be reliable and valid. Busyness is a subjective measure in the sense that it
requires observers to assess their perception of how ‘busy’ they think animals are
in a given space (e.g., an enclosure), and report this as a rating. This could be
likened to a rating of a single personality or behavioural trait in the studies
previously described. The aim of this chapter was to assess the value of
busyness as a measure, by testing aspects of its inter-observer reliability and

validity.

The following sections describe four studies that were carried out in order to
develop the measure of busyness and to test its utility as a simple method to

record change in behaviour over time using multiple observers. Each study was
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carried out using short video clips of tiger behaviour which were shown to
undergraduate psychology students, who rated the busyness of animals in each
video clip. Using this approach, a number of aspects of busyness could be
tested. In Study 1, the inter-observer reliability of busyness was tested using
intra-class correlations (ICC). This method was chosen as a suitable method for
calculating the reliability of multiple observers. It considers the relationships
between variables within a class of measurement, unlike interclass measures
such as the Pearson r (McGraw & Wong, 1996). The ICC also considers the
variance between and within the raters, the variance between the objects being
rated and the error variability (Field, 2005) and hence was considered to be an
all-encompassing, and relevant test of inter-observer reliability.

In Study 2, busyness was compared against traditional measures of animal
behaviour to ensure that busyness was sensitive to relevant aspects of
behaviour. In other words, the construct validity of busyness was tested. This
was required as there is no ‘gold standard’ to compare this novel measure
against, so traditional measures of data collection were the closest comparison.
As the application of observers’ own subjective ratings of traits has previously
been demonstrated to reflect observable aspects of animal behaviour (see
Section 4.1.2 and Chapter 3), it was predicted that the degree of busyness would
correlate with the occurrence of certain behaviours, and depending on the level of
busyness, different behaviours would be observed. In particular, active

behaviours were predicted to be positively correlated with busyness score.

Study 3 was formulated as a consequence of Study 2, in order to study the effect
of instruction (anchor point) detail on the mean busyness scores given by the
participants, and on the inter-observer reliability of the measure. It was deemed
necessary to investigate the required level of instruction detail, as it was noted in
Study 2 that the student participants generally gave lower busyness ratings than
the experimenter, and that participants gave few ratings at the maximum
busyness score, which raised questions regarding the required detail on how the
anchor points of the scale should be described. There is also a lack of previous
research investigating the effect of different levels of instruction for a single rating

scale (as described in Section 4.1.4). In Study 3, students all watched the same
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video clips but were given one of three different levels of instruction detail: low,
medium and high. It was predicted that greater detail and descriptions for the two
anchor points of the busyness scale (1 and 5) would result in higher mean
busyness ratings for those participants in the high detail instruction group, as they
had a clearer conception of tiger behaviour at the top of the busyness scale. It
was also predicted that the high detail instructions would result in higher values
for inter-observer reliability as busyness was more clearly defined and hence less

open to individual interpretation.

Busyness was designed as a measure to record change in animal behaviour over
time. This was studied in Chapter 3, where busyness was successfully found to
show a pattern over the course of the day, leading up to the predictable event,
which was also reflected in patterns of more traditional measures of tiger
behaviour. However, it could be argued that as the observers were aware of the
predictable event, they were expecting this pattern of busyness. This expectation
might then be reflected in their subjective busyness scores. Therefore, in order
to address this issue, and ensure that busyness is applicable to studies of
behaviour change over time, Study 4 investigated busyness ratings for clips of
tiger behaviour throughout the day, under conditions where participants were
blind to any developing temporal patterns of behaviour. Video footage was
filmed, throughout the day, of tigers in the same enclosure, and under the same
husbandry routine as in Chapter 3, and this footage was shown to the
participants in a random, non-chronological order. It was predicted that when the
means of the participants’ scores were returned to chronological order, they
would reflect a pattern in the busyness of the tigers, over the course of the day
and in the lead up to the feeding time. It was also predicted that behavioural data
collected from this video would reflect a related temporal pattern in those
behaviours that had previously been found to correlate with busyness in Study 2
(Section 4.3).
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4.2. Study 1: Testing the inter-observer reliability of busyness

4.2.1. Methods
Participants

The participants were 48 undergraduate psychology students from the University
of Plymouth who received course credit for participation in the study. Participants
attended the study in groups of up to 11 participants at a time.

Materials

The video used in this study was a collection of 20, minute long clips of tigers,
filmed at Paignton Zoo Environmental Park, UK. The tigers were two male and
two female Sumatran tigers (Panthera tigris sumatrae): a mother and three, 1
year old cubs. These tigers were filmed in their outdoor enclosure at the zoo; as
a zoo visitor would view the enclosure. Video footage was filmed over several
days, at different times of the day. The experimenter rated the busyness of each
minute of video; the experimenter had previous experience of observing tiger
behaviour, using both traditional and busyness measures (see Chapter 3).
Twenty, one-minute clips were selected, incorporating video that was considered
to demonstrate a range of behaviours and busyness levels. It was not always
possible to keep all four tigers in camera shot, however, all video clips showed a

minimum of 2 tigers.

Video clips were played with the corresponding background sound of the
enclosure, unless this sound included the voices of visitors to the zoo enclosure.
If voices were heard, the sound file for that minute clip was muted and overlaid
with sound from another clip which consisted of purely background noise, with no
distinguishing sound features. This was to avoid the use of human voices and to
avoid any distracting comments, or any comments which may have influenced

the participants’ opinions of the tigers’ behaviour.

Three different 20 minute video files were produced (videos 1, 2 and 3), each

with a combination of the 1 minute video clips in a different random order, as
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determined using a random number generator in Microsoft Excel. Use of the
three videos was to control for any potential order effect. A checksheet was used

to record participants’ responses.

Procedure

Participants were told that they would be watching a video of tigers in a zoo, and
that they would be trialling a new rating scale for use in research in animal
behaviour. All participants had the right to withdraw from the study and were
reassured of confidentiality, but were also told that the study was designed to test
the method itself and not their individual performance. Participants were then
given an instruction sheet which explained: the format of the study and the video,
what they would have to do, and how to determine the busyness of the
animals/enclosure. As a subjective measure, busyness was not defined in detail.
However, the concept of busyness was explained as “your subjective opinion of
how much you think is going on in the enclosure. For example, you might like to
think about what the tigers are doing and how many of them are doing it”, and
behavioural examples for the anchor points of busyness levels 1 and 5 were
given: “where 1 is the lowest level of busyness that the enclosure could be (for
example with all tigers asleep), and where 5 is the highest level of busyness that
the enclosure could be (for example with all tigers very animated and active)”. A
full copy of the instruction sheet is given in Appendix 4.1. Participants were
debriefed after each session and reminded of the purpose of the study and how

their data would be used.

After briefing, the participants watched one of the 3 video files (N = 15 for video 1,
N = 17 for video 2, N = 16 for video 3) and recorded busyness scores for each of

the minute clips.

Data Analysis

Participants’ scores for each video clip were compared using descriptive analysis,

and inter-observer reliability was calculated using intraclass correlations (ICC)
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(Field, 2005; Shrout & Fleiss, 1979). The ICC model used for this study was ICC
(2,1), the two-way random effects model (Shrout & Fleiss, 1979). This particular
model was chosen as it is based on a two-way analysis of variance, and
considers the effect of both the observers (raters) and the video clips (objects).
In this model the raters are considered to be random effects (i.e. sampled from a
larger population of potential raters) and the reliability is calculated considering
single measures i.e. the expected reliability of a single rater’s scores, rather than
the mean of several observers. Whilst reliability scores were likely to be lower
when calculated for single measures than for means (i.e. the ICC [2,k] model), it
was considered important to demonstrate a substantial level of reliability for
single measures. This was because busyness is not designed to be used by a
group of observers at the same time, but rather by individual observers at
different times. A result of substantial ICC (2,1) reliability would therefore be
strong evidence for the suitability of busyness for further use. The ICC
calculation was run twice; firstly testing for consistency, and secondly testing for
agreement (McGraw & Wong, 1996). In this way it was possible to test whether
the participants agreed about the relative increases and decreases in busyness
between clips (consistency), and whether they agreed on the absolute values of

busyness (agreement) (Field, 2005).

Data from two of the participants (both from video 3) had to be removed from the
ICC calculations as these participants did not give a rating for all of the video
clips, and the ICC calculation requires complete data sets. Therefore the total N
for the ICC calculations was 46. These participants were not removed from the

descriptive analysis.

A further test of reliability was carried out using Spearman’s rank correlations of
the participants’ scores (N = 46, as above) with the busyness scores given by the
experimenter, in order to test for correlation and agreement between the

experimenter and the participants.

Modal values have been presented in the following section (Section 4.4.2) when
comparing participants’ scores for the different video orders. Modal ratings were

deemed appropriate in this case, as the participants gave a single rating score
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from a discrete category scale of 1-5 and agreement could be demonstrated if the

modal score was the same for each video order.

4.2.2. Results
Effect of video order

The data were initially analysed according to the video watched (1, 2 or 3), and
the mode of the participants’ busyness ratings for each video clip, for each video
order are shown in Figure 4.1. For most of the video clips there was exact
agreement on the modal value of busyness, regardless of the order in which
those clips were presented. Disagreement on the modal busyness rating
occurred for only 6 of the video clips (clips 1, 2, 6, 9, 12 and 17) and in these
cases, modal values never varied by more than +/- one busyness rating.
Intraclass correlation (ICC) scores for all participants within each video order
showed either strong or near perfect agreement (Table 4.1). When these data
were combined, the calculated ICC score for the whole data set, for all video
orders, still showed strong agreement. Whilst there is some variation in the
busyness ratings given for each video clip in the different video orders (as
demonstrated in Appendix 4.4 which gives the results of the participants’
busyness ratings for each minute clip, for each video order), the agreement of
modal busyness ratings, and the strong ICC values suggests that there was no
major effect of the order of the video clips on the participants’ busyness ratings.

Therefore all of the data from each video order were pooled for further analysis.

108



Chapter 4. Development of busyness

H Video 1
M Video 2

Mode of busyenss

= Video 3
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Video clip

Figure 4.1: Mode of participants’ busyness ratings for each video clip, for each video
order.

Table 4.1: Intraclass correlation results for participants’ busyness scores, for each video
and for all video orders combined.

. Confidence F-test Degrees
Video ICC . .
N ICC model intervals (with true  p-value of
Order value
Lower Upper value 0) freedom
(?’1) .81 71 .91 67.51 <.001 19
consistency
1 15
2,1
(2,1) a7 .65 .88 67.51 <.001 19
absolute
(?’1) .80 .68 .89 66.84 <.001 19
consistency
2 17
(2,1) .76 .63 .87 66.84 <.001 19
absolute
(?’1) .80 .69 .90 57.65 <.001 19
consistency
3 14
(2,1) 72 .57 .85 57.65 <.001 19
absolute
All (?’1) .80 .69 .89 179.33 <.001 19
consistency
(combined 46
data) (2,1) 74 61 .86 17933 <001 19
absolute
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Compatrisons of participants’ busyness ratings

Figure 4.2 and Table 4.2 show the percentage of participant responses of each

busyness rating, for each video clip (data from all participants). There was very
high agreement between participants for some of the clips. For example, a high
percentage of participants rated clips 1 to 4 with a busyness score of 1, with a

maximum of 97.92% of the participants rating clip 1 with a busyness score of 1.

For other clips (n=5), a high percentage of participants rated busyness at a
particular modal score, with other participants only differing by only +/- one
busyness score. This includes clips 7 to 9 where the modal busyness rating was
2, with some participants (maximum of 25%) giving a rating score of 1, and some
participants (maximum of 16.67%) giving a rating score of 3; and clips 19 and 20
where the modal busyness rating was 4, with some participants (maximum of
27.08%) giving a rating score of 3 and some participants (maximum of 27.08%)

giving a rating score of 5.

For some of the clips (n=6), the participants’ ratings were mostly split between
two busyness scores. For example: participants’ ratings for clips 5 and 6 were
mostly split between busyness scores 1 and 2, ratings for clips 11 to 13 were
between busyness scores 2 and 3, and ratings for clip 18 were between

busyness scores 3 and 4.

For some clips (n=5), for example clips 10 and 14 to 17, there was slightly more
variation in the participants’ responses, with some participants giving a rating of
greater than +/- one from the modal busyness score. Participants’ scores also
deviated from the mode by more than +/- one busyness rating for clips 4, 11, 12,
13 and 18 (Table 4.2) although this selection of clips demonstrate greater
agreement between participants and have already been included in the
categories of agreement described above. Where participants’ ratings varied by
more than +/- 1 busyness rating away from the modal rating for that clip, this was
generally for only a low percentage of participants (maximum 14.58%), as shown
in the final column in Table 4.2.
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Intraclass correlation results

Table 4.1 gives the ICC values for all of the participants (N = 46). Values of .80
and .74 were achieved for ICC when tested for consistency and absolute
agreement, respectively. Confidence intervals indicate lower reliability limits of
no less than .69 and .61 (consistency and absolute, respectively), and F and p

values indicate that ICC values were significantly greater than zero.

Correlations

Spearman’s rank correlations between the busyness ratings given by the
experimenter and by each of the participants were all highly and significantly
correlated (Appendix 4.5). However, the mean busyness scores given by the
participants over all of the clips were generally lower than that of the

experimenter.
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Video clip

Figure 4.2: Percentage of participants rating each video clip at each level of busyness.
Colours represent the different busyness levels. Busyness scores run from 1 (low) to 5

(high).

Table 4.2: Percentage of participants’ ratings for each video clip showing the variation
around the modal busyness rating (shaded cells indicate the modal busyness score for

each clip)
Percentage of ratings at each busyness level Percentage of ratings
Video  Number that diffgr from the
Clip  of ratings 1 ) 3 4 5 modal rating by more
than +/- 1 busyness
level
1 48 97.92 2.08 0 0 0 0
2 48 95.83 4.17 0 0 0 0
3 48 83.33 16.67 0 0 0 0
4 48 75.00 20.83 4.17 0 0 4.17
5 47 59.57 40.43 0 0 0 0
6 48 43.75 52.08 4.17 0 0 0
7 48 25.00 58.33 16.67 0 0 0
8 48 18.75 72.92 8.33 0 0 0
9 47 14.89 76.60 8.51 0 0 0
10 48 2.08 54.17 35.42 8.33 0 8.33
11 48 2.08 56.25 37.50 4.17 0 4.17
12 48 0 58.33 35.42 6.25 0 6.25
13 48 2.08 47.92 50.00 0.00 0 2.08
14 48 0 12.50 64.58 20.83 2.08 2.08
15 48 0 10.42 41.67 33.33 14.58 14.58
16 47 0 8.51 59.57 21.28 10.64 10.64
17 48 0 6.25 50.00 35.42 8.33 8.33
18 47 0 2.13 46.81 48.94 2.13 2.13
19 48 0 0 27.08 56.25 16.67 0
20 48 0 0 12.50 60.42 27.08 0
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4.2.3. Discussion

There was no major effect of the order in which the video clips were shown to the
participants. Three different orders of video clip presentation were used to
control for any order effect (i.e. participants ratings for a particular clip being
influenced by the preceding clips). Modal busyness scores showed good
agreement for each clip across the video orders, and inter-observer reliability
(ICC) scores showed strong agreement for each video order and for all
participants combined. Results for all videos were therefore pooled. When given
the opportunity to comment on the method, some participants noted that the
rating scale became easier to use as they progressed through the study. It was
therefore decided that, in future studies, a number of example clips would be
given during the study briefing, to allow the participants to become accustomed to
some examples of the behaviour that they might expect to see.

Overall, the participants showed good inter-observer reliability in their busyness
ratings, as demonstrated by the ICC results and by visual inspection of the
agreement between participant’s scores. For most of the clips either a high
percentage (up to 97.92%) of the participants agreed on the busyness rating for
that clip, or participants agreed on a modal rating, with some participants then
giving a rating of +/- one busyness level from that modal score. For some clips
the participant’s scores were mostly spilt between 2 busyness ratings. Split
scores like this were perhaps to be expected for some clips, as the busyness
method required participants to select ratings from a discrete category scale in
order to record what was continuous behaviour. Behaviour will not always fit
exactly into discrete busyness categories, and there will be transitions between
categories. However, it is important to note that on these occasions, the
participants’ scores only differed between two adjacent busyness levels so there
was no major disagreement between participants. Only a small proportion of the
participants ever recorded a busyness score that was more than +/- one

busyness level away from the mode.

Results of the intraclass correlation tests showed high ICC values. There is little
peer-reviewed literature regarding the interpretation of ICC scores, and a range

of ICC values have previously been accepted to indicate good reliability. For
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example values of ICC ranging from .20 to .91 have been reported in studies of
great ape personality (e.g., King & Figueredo, 1997; King & Landau, 2003;
Weiss, et al., 2006). As discussed in Section 4.1.1, such scores are often
deemed acceptable in comparison to similar reliability scores for human
personality traits. However, requirements for good reliability have been set at
over .75 (Portney & Watkins, 2000), or .70-.80 for strong agreement and >.80 for
almost perfect agreement (Chang, n.d.). In accordance with these guidelines, the
ICC results from the current study are at the high end of the ICC range, and
indicate strong to almost perfect agreement between participants. Confidence
intervals for ICC were also high, with F-tests indicating intraclass correlations
significantly greater than zero, thus supporting the strong ICC agreement.

Correlations of participants’ scores with those of the experimenter demonstrated
strong correlations, indicating that not only was there a strong agreement
between the participants, but the participants also agreed with the experimenter
on the relative busyness of the video clips. Participants did however seem to
anchor their ratings around a lower mean busyness score than the experimenter.
This will be explored further in Studies 2 and 3 (Sections 4.3 and 4.4).

In conclusion, and considering the results for individual video clips and overall
ICC values, the method of busyness showed substantial inter-observer reliability,
both in terms of agreement on the relative increases and decreases in busyness
across the clips, and also in terms of absolute agreement of busyness rating
scores. Participants’ busyness ratings were reliable with each other, and with the
experimenter. It therefore seems that busyness can be used with good reliability
with student observers. Busyness therefore shows potential as a measure for
use with multiple observers, but further testing is now required in order to validate
busyness against more traditional measures of data collection. Study 2 was

designed to address this issue.
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4.3. Study 2: Validation of busyness against traditional measures

of animal behaviour

In the following study, busyness was recorded alongside more traditional

measures of data collection, in order to validate busyness.

4.3.1. Methods
Participants

The participants were 39 undergraduate psychology students from the University
of Plymouth, who received course credit for participation. Participants had not
previously taken part in Study 1.

Materials

The video used in this study was 100 minutes of video of tiger behaviour, filmed
in the same enclosure as Study 1. The subjects were two Sumatran tigers
(Panthera tigris sumatrae); a mother and her 22 month old male cub. As in Study
1, video footage was filmed over several days, at different times of the day, and
each minute was rated for busyness by the experimenter. One hundred minutes
of video were collated, that were considered to demonstrate a range of

behaviours and busyness levels.

The 100 minute-long video was made up of 5-minute sections of video. Each 5-
minute section was broken down into one-minute clips, considered by the

experimenter to be of a similar level of busyness, and together they represented
a constant busyness level for that 5-minute section (see Appendix 4.6). Most 5-
minute sections were made up of 5, continuously-filmed minutes of video,

however it was necessary in some cases to edit together different minute clips of
video of a similar busyness level in order to produce 5 minutes of suitable video.

Video sound was edited as for Study 1.
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Three different, 100 minute, video files were produced (videos 1, 2 and 3), with
the 5-minute video sections in a different random order in each, as determined
using a random number generator in Microsoft Excel, with the proviso that 5
minute sections of the same busyness level would not be shown consecutively.
Use of the three video orders was to control for any potential order effect. Each
100 minute video was split into two, smaller videos of 45 and 55 minutes
respectively, to be shown to the participants in two experimental sessions on

different days (as participants were only able to take part for 1 hour at a time).

Procedure

Busyness data collection

In each session participants were briefed and debriefed as in Study 1 (Section
4.2.1), and given an instruction sheet (Appendix 4.2). Participants also received
these instructions in the second study session to ensure consistency in their use
of the method. In the first session participants were initially shown 3 minutes of
the video which they could use to practise the busyness method and to get an
initial idea of the tiger behaviour they would see. After briefing and practice,
participants then watched one of the 3 video files (N = 14 for video 1, N = 14 for
video 2, N = 11 for video 3) and recorded busyness scores for each minute of the

video. Participants were given a 3 minute break after 30 minutes.

Traditional behavioural data collection

Data were collected by the experimenter, who was an experienced observer of
tiger behaviour, using instantaneous scan sampling and one zero sampling every
minute; taken at the start of each one-minute clip. Behavioural categories were
generated based on ethograms developed over previous studies by the
experimenter on large felids (e.g., Chapter 3 and also Bishop et al. [2007]), and
also based on Weller and Bennett (2001), and included locomotion (walking,
trotting, running), inactive alert, sleeping pacing and repetitive walking (see
Appendix 4.7.). If the tiger was not in camera shot at the start of the minute, ‘not
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visible’ was recorded. State and event behaviours (see Appendix 4.7.) were also
recorded using one-zero sampling, if they occurred during each minute. These
two measures of time sampling were used as comparison measures.
Instantaneous scan sampling was used as it is one of the most traditional and
often preferred methods of time sampling (Martin & Bateson, 2007), and was
therefore considered to be suitable as a standard measure for validation of
busyness. One-zero sampling was also used as it allowed more than one
behaviour to be recorded per minute of observation, which was important in order
to study which behaviours constituted the different busyness levels (see Section

2.4. for further discussion of time sampling methods).

Data analysis

In the following data analysis, mean and modal busyness scores were calculated
from the participants’ data. Mean scores enabled a detailed comparison of
busyness scores for each video clip for correlation analysis and modal scores
gave a measure of the most frequent participant responses, whilst still keeping
the results within the categories of busyness.

Busyness: reliability and order effects

To test for reliability and order effects, participants’ results were initially analysed
according to the video order in which they appeared and were watched by the
participants. Mean and modal busyness scores were calculated from the
participants’ results for each one-minute video clip, for videos 1, 2 and 3, and
these results were compared descriptively. Intraclass correlations were carried
out using the ICC (2,1) model as in Study 1. After checking for any order effect,
the results given by all participants were combined and overall mean and modal

busyness values were calculated for each one-minute video clip.
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Behaviours associated with busyness

All of the behaviours that were observed in each of the one-minute clips, at each
modal busyness level, were listed (for each tiger), and the percentages of clips at
each modal busyness level, in which these behaviours occurred, were calculated.
The number of observations (one-zero) of each behaviour associated with each
modal busyness level was graphically displayed, in order to show those
behaviours which composed each modal busyness level, and their relative
representation at that busyness level. One-zero results were used for the above

analyses in order to include all of the behaviours shown in each video clip.

Busyness comparisons with behaviour results

The mean and modal busyness scores were calculated from the results given by
all participants for each group of 5 minute video sections. The proportion of
instantaneous scans of each behaviour were calculated for each tiger, for each 5-
minute section, and these values were correlated (Spearman’s rank) against
mean and modal busyness scores. In addition, proportions of each 5 minute
section in which one zero behaviours were observed for each tiger were also
correlated against mean and modal busyness scores. For the instantaneous
scan data only, prior to calculating proportions, scans in which the focal tiger was
not visible at the start of the minute were removed from the analysis (for that
tiger). Therefore, in these cases, the proportions of behaviours were calculated
over the reduced number of minutes. These proportions were also correlated
with corrected mean and modal busyness scores, which were calculated using
busyness values for only those clips in which the tiger was visible on the scan.
Bonferroni corrections were not used in the current analysis as the current
analysis did not fit the criteria often used to justify Bonferroni corrections (e.g.
Cabin & Mitchell, 2000; Rice, 1989). The current analysis did not require a single
significant result to test a null hypothesis, and each correlation was an
independent test to determine how each behaviour related to busyness (whether
significant or not). Hence, it was decided that Bonferroni corrections were
unnecessary and would, in fact, lead to a risk of Type Il errors if used in the

current analysis.
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4.3.2. Results
Busyness: reliability and order effects

Figure 4.3 shows the mean and modal busyness ratings recorded by the
participants for each video clip, for each of the 3 video orders. Agreement
between busyness scores for each video clip, for each video order was good,
with only clip 25 showing a difference in mean busyness score of greater than 1
busyness level between videos 2 and 3. Clips 10, 23, 25 and 53 showed a
difference of >1 modal busyness level between videos 2 and 3, and clips 62 and
64 showed a difference of >1 modal busyness level between videos 1 and 2.
Overall, modal busyness scores from each video order were exactly the same for
46 (out of 100) of the minute video clips, with a further 48 differing by only 1
busyness level between video orders. Generally video 2 gave lower busyness
scores, with video 3 producing higher busyness scores. Intraclass correlation
scores (Table 4.3) were high for each video order (minimum ICC score of .75),
and for all of the participants’ data combined. Due to the low variation between
busyness scores for each minute clip in each video order, and the good inter-
observer reliability, all data were pooled for further analysis.
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Figure 4.3: Mean (a) and Mode (b) of participants’ scores of busyness for each video clip, grouped by the video order that the participants were

shown. Results for each video order have been rearranged to one, standard order.
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Table 4.3: Intraclass correlation results for participants’ busyness scores, for each video
and for all video orders combined.

Video IcC C_onfldence F-test Degrees
N ICC model intervals (with true  p-value of
Order value
Lower Upper value 0) freedom
(?’l) .81 77 .86 61.78 <.01 99
consistency
1 14
(2,1) .75 .68 .82 61.78 <.01 99
absolute
(?’1) .83 .79 .87 71.58 <.01 99
consistency
2 14
(2,1) .79 72 .84 71.58 <.01 99
absolute
2,1
(_’ ) .82 .78 .86 51.99 <.01 99
consistency
3 11
(2,1) .78 71 .84 51.99 <.01 99
absolute
All (?’l) .82 77 .86 174.45 <.01 99
consistency
(combined
data) (2,1) 75 69 81 174.45 <01 99
absolute

Fewer clips were rated with a modal busyness score of 5 (n = 3) compared to
scores of 1, 2, 3 and 4 (n = 38, 24, 24 and 11 respectively). This was despite the
design of the experiment in which all busyness levels were considered to be
represented evenly. Overall, the participants rated the busyness of the clips
lower on the busyness scale than the experimenter, with an overall mean for all
participants and all clips of 2.28, compared to the experimenter mean over all
clips of 2.97.

Behaviours associated with busyness

Table 4.4 shows a list of behaviours that were observed in video clips of each
modal busyness rating and demonstrates that there were differences in the
behaviours observed at different busyness ratings. Behaviours such as inactive

alert and sleeping were observed at the lower busyness levels, with sleeping only
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ever observed in clips with a busyness score of 1. A greater number of
behaviours were observed in clips of busyness scores 2, 3 and 4, with
behaviours such as pacing and repetitive walking, drinking, play behaviours and
marking only observed in these, mid-range busyness scores. Walking was the
only locomotion behaviour observed in clips of busyness level 1, with walking and
trotting shown in clips of busyness level 2, and walking, trotting and running
shown for busyness levels of 3, 4 and 5. Such patterns of locomotion were also
shown in the combined percentages of all types of locomotion (Figure 4.4) which
demonstrated that locomotion of any type was observed in a low percentage
(2.6% male, 0% female) of clips considered to represent busyness scores of 1,
but was observed with increasing frequency as the busyness level increased,;
100% of the clips at busyness level 5 showed some form of locomotion. The
same trend was shown for the faster locomotion types, with an increasing
percentage of the clips of each busyness level showing the behaviour as the
busyness score increased. Faster locomotion was observed more as busyness
level increased (although lower percentages of clips showed walking and trotting
at busyness level 5 for the female tiger), with 100% of the clips of busyness 5
showing running behaviours for both tigers, and only walking behaviour shown in

clips of busyness level 1.

In contrast, a negative trend was shown for the stationary and less ‘alert’
behaviours. Inactive alert (low) and (medium) occurred in a decreasing
percentage of the clips as busyness level increased. Inactive alert (low) was
observed in 50% (male tiger) and 57.9% (female tiger) of the clips of busyness 1,
compared to only 4.2% (male) and 0% (female) of the clips of busyness 2, with
no occurrences in clips of busyness 3 to 5. Inactive alert (medium) showed a
similar trend and was not observed in clips of busyness 4 to 5 for the male tiger
or 3 to 5 for the female tiger. Inactive alert (high) was mostly observed for only
the middle values of busyness and percentages increased for higher busyness
levels, but this behaviour was not shown in clips of busyness 1 or 5 (except at a
low percentage of busyness 1 for the female tiger). Other mid-range behaviours
were repetitive walk which was shown at its highest percentage at busyness 3,
and pacing, which increased in percentage in mid-range levels of increasing

busyness but was not shown at the extremes of the busyness scale. Social play
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was also shown at increasing percentages with increasing busyness level for
mid-range busyness scores of 3 and 4; and social contact was shown at
increasing (albeit low) percentages in clips of increasing busyness. Other,
animated behaviours such as wading occurred in clips of higher busyness levels
(4 or 5) only. Certain behaviours such as investigating, drinking and marking
occurred at percentages that were too low to be sure of their trends related to
busyness, however they appeared to occur in clips of mid-range busyness. Itis
important to note that the differences in bar height between the behaviour
categories in Figure 4.4 is due to some behaviours being observed in the video
clips at different frequencies to others, therefore whilst busyness levels can be
compared for a particular behaviour, comparisons of different behaviours in these
figures should be interpreted with caution.

Figure 4.5 shows similar patterns of results as those described above, and shows
the occurrence of behaviours within each busyness level. For both tigers,
observed behaviours from video clips of busyness level 1 showed the greatest
proportion of inactive behaviours, and as busyness increased, inactive
behaviours took up a smaller proportion, and locomotory behaviours took up a
greater proportion until, at busyness 5, only walking, trotting, and running (and
wading for the male tiger) behaviours were shown. Locomotory behaviours
included more animated behaviours (such as running and trotting) at the higher
end of the busyness scale. Busyness levels 2 to 4 show a greater behavioural
diversity, with the male tiger showing a greater range of behaviours than the

female.
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Table 4.4: List of behaviours observed using one-zero sampling for both tigers, in any
and all video clips of each modal level of busyness. Green text indicates that behaviour
was shown by both tigers, red text indicates that behaviour was shown by female tiger
only and blue text indicates that behaviour was shown by male tiger only at that busyness
level.

Modal busyness level
1 2 3 4 5
Inactive alert low Inactive alert low
Inactive alert medium |Inactive alert medium |Inactive alert medium
g Inactive alert high Inactive alert high Inactive alert high Inactive alert high
_ﬂ Sleeping
g Walking Walking Walking Walking Walking
3 Trotting Trotting Trotting Trotting
2; Running Running Running
3 Stalking Stalking
.E Wading Wading
%‘ Pacing Pacing Pacing
£ Repetitive walk Repetitive walk Repetitive walk
; Investigating Investigating Investigating Investigating
-Ci Drinking Drinking
g Self maintenance Self maintenance Self maintenance
-% Playing with objects |Playing with objects
S Social play Social play
@ Social contact Social contact Social contact Social contact
Marking Marking
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Figure 4.4: Percentage of the total number of clips of each modal busyness level in which each behaviour was observed for the a) male and b) female

tigers. (Locomotion any is the sum of walking, trotting and running behaviours).
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Figure 4.5: Pie charts showing the number of observations of each type of behaviour for the a) male and b) female tiger within clips of each modal busyness level (humbers
displayed inside segments). Chart numbers 1-5 represent modal busyness levels of 1-5 respectively. N.B. results did not produce an equal number of clips of each busyness level
therefore numbers of observations of behaviours should not be directly compared across busyness levels and are just provided as a reference.
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Comparisons of busyness with traditional measures of animal behaviour

Spearman’s rank correlations of the instantaneous scan data with busyness (as
listed in Tables 4.5-4.6 and displayed in Figures 4.6-4.7) showed significant,
positive correlations (at the .01 and .05 significance levels) between mean and
modal busyness and the behaviours: locomotion (any)™, walking™, trotting™,
pacing’ and repetitive walk" (correlation with modal busyness only). Correlations
of the one-zero data with busyness (as listed in Tables 4.7-4.8 and displayed in
Figures 4.8-4.9) also showed significant, positive correlations with: locomotion
(any)™", walking™", trotting™', pacing™" and repetitive walk™", but the list of
significantly correlated behaviours additionally included: running™', social play™,
inactive alert (high)™ and drinking™. Overall, analysis of one-zero data revealed
significant correlations of busyness with a greater number of behaviours, and at a

higher level of significance than did the instantaneous scan data.

Significant negative correlations were shown in the results of the instantaneous
scan data between mean and modal busyness and the behaviours: inactive alert
(low)™", sleeping™" (except for modal scores for the female tiger), inactive alert
(any)' and inactive alert (medium)' (correlation with mean busyness only). Similar
results were shown for the one-zero data collection with the addition that inactive
alert (medium) showed significant correlations for both mean and mode, for both
tigers. These significant correlations are summarised in Table 4.9. Investigating,
marking, social contact and self maintenance behaviours were not significantly
correlated to busyness and, for the male tiger were shown across the range of
busyness levels. For the female tiger, these behaviours were observed at low

proportions so did not show clear patterns.

™ indicates that results were significant for male tiger, "indicates that results were significant for female
tiger
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Table 4.5: Spearman’s correlations of proportions of scans of each behaviour (within 5 minute sections of video, or as adjusted where tiger was not visible on the scan) with
mean and modal busyness scores for each 5 minute section of video (busyness scores also adjusted where tiger was not visible on the scan) for the male tiger. N=20.

Inactive Inactive Inactive Inactive Locomotion Repetitive Pla Pla Self
alert alert alert alert Sleeping Walking Trotting Running Wading Pacing P Investigating . v .y .
R R (any) walk (object) (social) maintenance
(any) (low) (medium) (high)
Mean -0.20 -0.59** -0.26 -0.39 -0.73** 0.87** 0.81** 0.52* 0.41 0.30 0.18 0.23 0.02 0.02 0.35 -0.14
Busyness
Mode
Busyness -0.30 -0.63 -0.35 -0.39 -0.62** 0.86** 0.79** 0.52* 0.43 0.36 0.23 0.19 0.04 0.04 0.43 -0.14

Note. *p<0.05, **p<0.01
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Figure 4.6. The proportion of scans of 5 minute sections of video showing inactive/sleeping & locomotory behaviours for the male tiger against mean busyness level
for those 5 minutes (adjusted for not visible data), as correlated in table 4.5. The mean results (rather than modes) are plotted in order to spread the points along
the axis and allow easier visualisation of the data. Graphs are not shown for investigating, pacing, repetitive walking, play, self maintenance or wading behaviours
due to the low number of points above zero that were plotted. Trotting and running are presented here for interest.



Table 4.6: Spearman’s correlations of proportions of scans of each behaviour (within 5 minute sections of video, or as adjusted where tiger was not visible on the scan) with mean and
modal busyness scores for each 5 minute section of video (busyness scores also adjusted where tiger was not visible on the scan) for the female tiger. N=20 for mean results and
N=16 for modes (Correction of proportions for minutes in which tiger was not visible resulted in too few data points to calculate modes for some behaviours, hence their lower N of 16).

Inactive alert Inactive alert Inactive alert Inactive alert Sleenin Locomotion Walkin Trottin RuRRn Pacin Repetitive Self
(any) (low) (medium) (high) ping (any) g g i J walk maintenance
Mean
-0.74%* -0.71%* -0.45%* -0.01 -0.60** 0.67** 0.53* 0.35 0.26 0.67** 0.40 -0.14
Busyness
Mode
-0.82** -0.70%* -0.46 -0.06 -0.45 0.73** 0.51* 0.45 0.39 0.85** 0.66** -0.24
Busyness

Note. *p<0.05, **p<0.01
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Figure 4.7: The proportion of scans of 5 minute sections of video showing inactive/sleeping, locomotory and repetitive behaviours for the female tiger against mean busyness for
those 5 minutes (adjusted for not visible data), as correlated in Table 4.6. The mean results (rather than modes) are plotted in order to spread the points along the axis and allow
easier visualisation of the data. A graph is not shown for self maintenance behaviour due to the low number of points above zero that were plotted. Trotting and running are
presented here for interest. Due to the correction for not visible data from scans for each tiger, mean busyness results for this graph are slightly different to Figure 4.6 (different
scan results for each video clip resulted in omission of different results thus affecting the averages slightly). Busyness results would normally be the same for both tigers but an
exception has been made for the purpose of this analysis.



Table 4.7: Spearman’s correlations of proportions of the clips in the 5 minute video groups, in which behaviours were observed by one-zero sampling for the male tiger, with mean
and modal busyness scores for the video groups. N=20.

. Inactive Inactive . - .
Inactive . Locomotion . . . ) . . Repetitive e . s Play Play Social Self
alert alert Sleeping Walking Trotting Running Stalking Wading Pacing Investigating Marking Drinking R . .
alert (low) R R (any) walk (object) (social) contact maintenance
(medium) (high)
Mean
Busyness -0.739** -0.458* 0.602** -0.733** 0.893** 0.898** 0.798** 0.717** 0.284 0.338 0.347 0.614** 0.231 0.061 0.449* 0.020 0.745** 0.350 -0.017
Mode
Busyness -0.783** -0.561* 0.652** -0.625** 0.921** 0.909** 0.855** 0.720** 0.334 0.376 0.334 0.570** 0.217 0.038 0.510* 0.021 0.794** 0.182 -0.007
Note. *p<0.05, **p<0.01
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Figure 4.8: The proportions of the clips in the 5 minute video groups, in which behaviours were observed by one-zero sampling for the male tiger, against mean busyness
scores for the video groups. Graphs of stalking, wading, pacing and object play behaviours are not shown due to the low number of points above zero that were plotted.



Table 4.8: Spearman’s correlations of proportions of the clips in the 5 minute video groups, in which behaviours were observed by one-zero sampling for the female tiger, with
mean and modal busyness scores for the video groups. N=20.

Inactive nactive nactive Locomotion Repetitive Pla Pla Social Self
alert alert Sleeping Walking Trotting Running Stalking Wading Pacing P Investigating Marking Drinking R v 'y .
alert (low) R . (any) walk (object) (social) contact maintenance
(medium) (high)
Mean
Busyness -0.857** -0.530* 0.328 -0.594** 0.846** 0.823** 0.812** 0.721** n/a 0.338 0.712** 0.768** -0.087 n/a 0.376 n/a 0.737** 0.407 -0.231
MOde * % * %k * * % * % * % * % * % * % *k
Busyness -0.858 -0.575 0.286 -0.542 0.780 0.758 0.861 0.725 n/a 0.376 0.780 0.825 -0.167 n/a 0.440 n/a 0.781 0.242 -0.364
Note. *p<0.05, **p<0.01
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Figure 4.9: The proportions of the clips in the 5 minute video groups, in which behaviours were observed by one-zero sampling for the female tiger, against mean busyness scores for
the video groups. Graphs of stalking, wading, investigating, marking, drinking & object play behaviours are not shown due to the low number of points above zero that were plotted.
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Table 4.9: Summary of significant positive and negative correlations as extracted from Tables 4.5-4.8,
listing the behaviours for which proportions of observations in 5 minute sections of video were
significantly correlated with the mean or mode of busyness for that section of video.

. Correlation " .
Tiger (and . Positive Positive L S
. with mean L - Negative significance  Negative significance
behavioural significance at 0.01 significance at
or modal at 0.01 level at 0.05 level
measure) level 0.05 level
busyness
Male (scan Mean Locomotion (any)  Trotting Inactive alert (low)
sampling) Walking Sleeping
Mode Locomotion (any) Trotting Inactive alert (low)
Walking Sleeping
Female Mean Locomotion (any) Walking Inactive alert (any) Inactive alert (medium)
(sca.n Pacing Inactive alert (low)
sampling) )
Sleeping
Mode Locomotion (any) Walking Inactive alert (any)
Pacing Repetitive walk  Inactive alert (low)
Male (one- Mean Inactive alert (high)  Drinking Inactive alert (low) Inactive alert (medium)
zerc') Locomotion (any) Sleeping
sampling) .
Walking
Trotting
Running
Repetitive walking
Play (social)
Mode Inactive alert (high)  Drinking Inactive alert (low) Inactive alert (medium)
Locomotion (any) Sleeping
Walking
Trotting
Running
Repetitive walking
Play (social)
Female Mean Locomotion (any) Inactive alert (low) Inactive alert (medium)
(one-z'ero Walking Sleeping
sampling) .
Trotting
Running
Pacing
Repetitive walking
Play (social)
Mode

Locomotion (any)

Walking

Trotting

Running

Pacing

Repetitive walking
Play (social)

Inactive alert (low)
Inactive alert
(medium)

Sleeping
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4.3.3. Discussion

Whilst the focus of this study was the validity of busyness rather than reliability,
results showed good reliability, thus supporting the data presented in Study 1
(Section 4.2) and providing further evidence of reliability of busyness. Mean and
modal scores of busyness showed very little variation between the 3 video orders
shown to the participants, and it was rare for scores to differ by more than one
busyness level. Intraclass correlation scores for inter-observer reliability also
showed good agreement (Portney & Watkins, 2000). It has been noted by
several authors that it is important to establish reliability of a method before
proceeding to establish its validity (Jones & Gosling, 2005; Meagher, 2009;
Wemelsfelder, et al., 2000), and that appears to have been achieved for

busyness in Studies 1 and 2.

The current results show that the different levels of busyness are associated with
different behaviours. As the scale of busyness increased from 1 to 5, the main
behaviours observed in association with busyness changed from inactive
behaviours to more active behaviours. As busyness scores increased, the tigers
were more alert, as shown by the increase in inactive alert (high) and the
decrease in inactive alert (low and medium) behaviours. The tigers also moved
more, and with greater speed, as shown by the increase in behaviours such as
trotting and running as busyness increased. Significant negative correlations
between busyness score and inactive alert (low and medium) and sleeping, and
significant positive correlations with busyness and behaviours walking, trotting,
running and inactive alert (high) support these associations of the busyness scale

with particular behaviours.

Certain behaviours (inactive alert [high], repetitive walk, pacing and social play),
whilst correlated with busyness, were only shown in the intermediate levels of
busyness (i.e. there were no observations of these behaviours at the extremes of
the busyness scale). This gives information about the type of behaviour reflected
in these ‘middle’ busyness scores. For example, the behaviour inactive alert
(high), whilst a stationary behaviour, involved postural elements and movements
that indicated a greater degree of animation and ‘alertness’ from the tigers; hence

it was increasingly observed with increasing busyness, but was not observed at
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low busyness scores (associated with e.g., sleeping) or at high busyness scores

(associated with very active behaviours).

A greater diversity of behaviours were observed during clips noted to be of
intermediate levels of busyness. For example, behaviours such as marking,
playing with objects, stalking and investigating were only observed in clips of
modal busyness levels 2-4. These behaviours were not significantly correlated
with busyness. As similar behaviours were observed during video clips of
busyness levels 2, 3 and 4, presence of the behaviour alone is not sufficient to
discriminate between busyness levels. However, the more quantitative results
suggest that these levels are intermediary states of alertness and activity. For
example, in terms of locomotion, busyness levels 2, 3 and 4 represent a mid-
range of speeds. Overall locomotion was increasingly observed in video clips of
increasing busyness, but as busyness increased, the specific locomotion
behaviours associated with faster movement (e.g., trotting and running) were
shown more frequently. Visual analysis of the data was useful in this respect as
it showed the distribution of behavioural observations across the busyness scale,
with faster locomotion occurring at the higher end of this scale (e.g., Figures 4.6-
4.9).

Not all behaviours were found to be correlated with busyness; including marking,
stalking, playing with objects and investigating, and also social contact, self
maintenance and drinking (female tiger only). It is possible that some of these
behaviours such as self maintenance and social contact, are intermediate
behaviours, occurring across the mid-range of busyness levels only, and hence
would not be expected to correlate with busyness level. It is also possible that
some of these behaviours were rare behaviours, observed at a low frequency.
Significance may not have been achieved due to the high proportions of zero,
and therefore a restricted range. Further work may be necessary if greater detail
on the relationship of rare behaviours to busyness is required, using a greater
number of video clips to increase the frequency of observations. Nevertheless, if
these were rare behaviours, then the video clips were representative of the
frequencies of types of tiger behaviour, and so reflected conditions that would be

experienced had the participants been observing the animals live.
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The present results have therefore shown a relationship between the levels of
busyness and different behaviours. Some behaviours have been shown to
correlate significantly, whilst others have not. However, taken as a whole these
results all give important information on how the different behaviours relate to the
levels of busyness. Overall, the data suggest that busyness is related to both the

level of activity, and the level of alertness of the animals in an enclosure.

It should be noted that, as used in this instance, busyness was a measure of all
of the animals in the enclosure. The current study used video of a pair of tigers,
and yet the busyness results were compared to behavioural data for individuals.
For this reason it is difficult to directly relate busyness to the behaviour of
individual animals. Nevertheless, the present analysis did give an indication of
the behaviours and trends that were related to the measure. An aim of the
present study was to explore the construct validity of busyness, as there is no
exact standard with which to compare busyness, and in this respect it has been
successful. Indeed as with the scale developed by Wielebnowski (1999), for
ratings of cheetah behavioural traits, busyness was not designed to replicate
behavioural measures that are already easily quantifiable, but to provide a
measure which includes a range of attributes that are not recorded by traditional
measures. Therefore analysis of the behaviours of each tiger was the closest
comparison to busyness. As busyness has been shown to be both reliable
(Study 1) and now valid (Study 2) it could be considered suitable for use with
relatively untrained observers who will not necessarily be able to identify

individual animals.

Busyness was correlated against behaviours obtained using both instantaneous,
and one zero sampling. Whilst some authors have argued that one-zero
sampling is not the best choice for behavioural data collection (Martin & Bateson,
1993). It has received considerable support from others (as discussed in Section
2.4) and in the current study provided a greater number of data points for
analysis due to the ability to record more than one behaviour per video clip. The
instantaneous scan data resulted in a low number of data points per behaviour
for correlation with busyness due to the restriction of only 100 potential scans.
Results from scans were also limited due to the need for correction of the data if
a tiger was not visible on the sample point. The restricted field of view of the
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video camera meant that animals were sometimes out of sight (although never
for the entire minute), thus reducing the number of data points available for
analysis. This affected the scores for proportions of behaviour and meant that,
on occasion, modal scores could not be calculated. One-zero results therefore
provided a greater number of observations for each behaviour, hence the greater

number of correlations for these results.

The present study was designed such that the video clips that were presented to
the students showed an even distribution of busyness levels. However, the
participants only recorded a modal busyness score of 5 for three out of the 100
video clips. This suggests that the participants were reluctant to use the top end
of the busyness scale. Level bias such as this can be a problem when using
scales (Dawis, 1987). Itis also possible that the participants have an unrealistic
expectation of the behaviours that could be seen at the top end of the busyness
scale. Further research into the information and instructions that participants are
given on busyness is therefore necessary, with particular attention to the
examples given for the anchor points of busyness levels 1 and 5. Different levels
of instructions on the use of busyness were therefore investigated in Study 3.

4.4. Study 3: The effect of level of instruction detail on

participants’ ratings of busyness

In the following study, different levels of detail in the instructions explaining how
to use the measure of busyness were used in order to investigate the effect of

instruction detail on participants’ ratings of busyness.

4.4.1. Methods
Participants

The participants were 53 undergraduate psychology students from the University
of Plymouth, who received course credit for participation. Participants had not

previously taken part in Studies 1 or 2.
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Materials

Twenty five minute-long clips of video were selected from the video clips of tigers
used in Study 2; the method of filming and video editing was as described in
Section 4.3.1. The 25 clips were selected to include 5 clips of each busyness
level (1-5), as previously rated by the experimenter. These clips were then edited
into a single continuous video, with the order of the clips determined using a
random number generator in Microsoft Excel. As the previous studies had
demonstrated little effect of the order in which the video clips were shown, and as
instruction level was the only independent variable of this study, only one video

was produced and the clips were shown in the same order to all participants.

Participants were given one of three different instruction sheets, the detail of
which was categorised as low, medium or high, depending on the experimental
group (full copies of the instruction sheets are given in Appendix 4.3). The
instructions for all categories explained the format of the video and gave basic
instructions asking the participants to rate how ‘busy’ the tigers were for each
minute clip on a scale of 1 to 5, where 1 was the lowest level of busyness that the
animals could show, and where 5 was the highest level of busyness that the
animals could show. Busyness was explained as “your subjective opinion of how
much you think is going on in the enclosure. For example, you might like to think
about what the tigers are doing and how many of them are doing it”. Further
detail in the instructions then varied according to the instruction category as

follows:

1) Low detail instructions (N =18 participants): Basic instructions about the
busyness scale (as described above) only.

2) Medium detail instructions (N =18 participants): As (1) plus behavioural
examples as suggested anchor points for levels 1 and 5 of the scale.
These examples were described as: “all or most tigers very quiet e.g.,
sleeping or inactive” for busyness level 1, and: “all or most tigers very busy
e.g., running or active” for busyness level 5.

3) High detail instructions (N = 17 participants): As (2), plus an example
minute video clip for busyness levels 1 and 5 (as previously rated by the

experimenter), which participants watched before starting the study.
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Procedure

Participants were briefed (and debriefed) as in Study 1 and received a set of
instructions from one of the three categories of detail (low, medium or high).
Participants then watched the video clips and rated the busyness of the tigers in
each clip. They then had opportunity to write any comments on how easy or

difficult they felt the scale was to use.

Data analysis

Mean and modal busyness scores were calculated from all of the participants’
scores for each of the 25 video clips in each instruction condition, for descriptive
analysis. These mean values were also used in a Friedman’s test to analyse for
significant differences. Post hoc tests were carried out using Wilcoxon’s tests,
using a Bonferroni correction to account for the multiple comparisons, and effect

sizes (r) were calculated from the resulting z-scores.

Counts and percentages of ratings at each busyness level were taken for all of

the participants’ responses for all video clips, in each instruction condition.

The inter-observer reliability was tested for the three instruction conditions using
intraclass correlations, using the ICC (2,1) model for consistency and absolute

agreement.

A simple, qualitative analysis was carried out on the comments left by the
participants of their experiences of using the scale. Five categories were
created, based on commonly occurring comments and the number of participants
leaving a comment in each category was then calculated for each instruction
condition. Chi-squared analysis was then used to determine any significant

differences in comments between the conditions.
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4.4.2. Results

Overall, there were few differences between the modal scores for each clip
across the different instruction detail conditions (Figure 4.10); only five clips had
different modal scores. Clips 2, 14 and 22 had higher busyness modes for the
medium and high instructions than for the low instructions. Clip 4 showed the
highest modal busyness score in the medium detail condition, and clip 25 showed

the highest modal busyness score in the low detail condition.

Mean scores revealed more variation between instruction conditions than the
mode (Figure 4.11). Mean busyness ratings for each video clip in the low detalil
instructions condition were generally lower than those in the medium or high
detail conditions. Out of 25 video clips, instruction conditions high and medium
resulted in the highest mean busyness score for 12 and 11 of the video clips
(respectively), with the low detail instruction condition resulting in the highest
mean busyness score for only one video clip. Despite this, differences between
the mean busyness scores for each clip across the different instruction conditions
were relatively small, with a mean difference between the highest and lowest
mean scores for each clip of 0.26 (range 0 — 0.86). Mean busyness scores
(overall mean for all participants’ ratings, for all clips) also increased with
increasing instruction detail (range 2.25-2.46), as did mean standard deviations
(mean of standard deviations for all clips) (range 0.46-0.54) (Table 4.10).
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Figure 4.10: Mode of participants’ busyness ratings for each video clip, for each instruction
condition.

M Low detail
instructions

B Medium
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instructions
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Video Clip

Figure 4.11: Mean of participants’ busyness ratings for each video clip, for each instruction
condition. Error bars indicate standard error.
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Intraclass correlation scores (Table 4.10) showed high reliability scores for each
instruction condition with no condition giving a reliability score below .80.
Intraclass correlation scores for consistency increased with increasing detail of
instructions and ICC scores for absolute agreement were highest for the medium

detail instruction condition.

Table 4.10. Descriptive statistics and results of intraclass correlation scores for each
instruction condition

Mean Mean Confidence
Instruction busyness standard IcC intervals F-test
| N score deviation 1CC model (withtrue P d.f
evel value
(over all (over all Lower Upper value 0)
clips) clips)
(2.1) 84 76 91 9467 <0l 24
consistency
Low 18 2.25 0.46
(2.1) 80 .70 .89 9467 <01 24
absolute
(2.1) 8 77 92 10132 <0l 24
consistency
Medium 18 2.42 0.52
(2,1) .82 .73 .90 101.32 <01 24
absolute
(2.1) 8 78 92 10025 <01 24
consistency
High 17 2.46 0.54
(2.1) 80 .70 .89 10025 <01 24
absolute

Linked with the increase in mean busyness score, there was also an increase in
the number of ratings at the higher end of the busyness scale given by
participants in the medium and high detail instruction conditions. As shown in
Figure 4.12, in the medium and high detail conditions, the percentage of ratings
at busyness level 5 (out of all of the participant responses for all clips), were
7.11% and 8.24% respectively; more than double that recorded in the low detalil
condition (3.33%). The increased busyness level resulted from an extra 17 and
20 (medium and high conditions respectively) participant responses scoring
busyness at level 5, compared to the low detail condition. Percentages of ratings
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at busyness level 4, were also higher in the medium and high detail conditions,
whereas the percentages of responses giving a rating of busyness level 2 or 1,
were higher in the low detail condition. Figure 4.13 also illustrates that
participants given the high and medium detail conditions scored fewer video clips
at the lower end of the busyness scale (busyness scores 1,2 and 3), and more
video clips at the higher end of the busyness scale (busyness scores 4 and 5).
Furthermore, Figure 4.13 also demonstrates how similar the participants’ scores
were in the medium and high detail conditions, with participants in each condition

giving a similar number of ratings at each busyness level.

Low detail instructions Medium detail instructions High detail instructions
(Participant N = 18) (Participant N = 18) (Participant N =17)

15 (3%6)

Figure 4.12: Numbers, and percentage of participants’ ratings at each busyness level for all
video clips, for each instruction condition (Number of responses for all participants and all
clips: 450 [low and medium detail conditions] and 425 [high detail condition]).
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Figure 4.13: Percentage of the total number of participant ratings over all clips, at
each busyness score, for each level of instructions.

There was a significant difference in the mean ratings given by the participants
for each clip in each instruction condition (x%(2) = 20.33, p<.01). Post hoc
Wilcoxon tests, using a Bonferroni correction to give an alpha level of .017,
revealed significant differences in the mean ratings for the video clips between
the low and medium detail instruction conditions (T= 6.00, r = -0.54, p<.017), and
between the low and high detail conditions (T = 6.00, r = -0.55, p<.017), but not
between the medium and high detail conditions (T = 135.5, r = -0.06, p>.017).

Analysis of the comments left by the participants on their experience of using the
measure of busyness (Table 4.11) showed that a high percentage of participants
in all instruction conditions noted that the method was easy to use, with no clear
difference between conditions. In the low detail instructions, higher percentages
of participants commented on: difficulties with interpreting the ratings, problems
with using the top of the busyness scale, and increased ease of use as they
progressed through the study, and percentages of these comments decreased as
the instruction detail increased to medium and high. In particular, this effect of
instruction condition was statistically significant for comments regarding
difficulties using the top end of the busyness scale. Some participants also
reported difficulty assigning a rating if the two tigers were behaving differently,

however there was no clear effect of instruction condition on such comments.
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Table 4.11. Percentage of participants leaving comments on their experience of using
the measure of busyness, whose comments related to particular common categories.

Low Detail MDeedt':Jn High Detalil
Category of comments Instructions . Instructions
(n=18) Instructions (n=16)
(n=16)
Positive comment on overall ease of use 72.22% 50.00% 62.50%
Difficulty i . e e
I _|cu ty interpreting/differentiating 50.00% 25.00% 25 00%
ratings
Particular mention of/difficultl/ with the 33.33% 55 00% 0.00%
top end of the busyness scale
Method became easier to use as
22.22% 18.75% 6.259%
progressed through the study % % %
Difficulty assigning rating if tigers were 16.67% 25.00% 12.50%

behaving differently to each other

(* Significant effect of instruction conditions: x2=3.21, df=2, Fisher’s exact sig = < .05)

4.4.3. Discussion

Overall, the results from descriptive and statistical analysis suggest that there
was little difference between the ratings given by the participants in the medium
and high detail instruction conditions. However, the data from these two
conditions differed to those given by participants in the low detail instruction
condition. Mean busyness scores for the video clips were generally higher in the
medium and high detail conditions than in the low detail condition, and
participants gave a higher percentage of responses at busyness levels of 4 and 5

in the medium and high detail conditions.

Therefore, it seems that busyness scores can be affected by the type of
instructions given to the participants. It seems that with more detailed
instructions, participants may be more inclined to rate video clips with a higher
busyness score, and hence make more use of the full range of the busyness
scale. However, this difference was only significant between the low detall
instructions and the medium and high detail instructions, and not between the

medium and high instructions. Therefore it could be concluded that providing
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participants with details including behavioural examples of anchor points is
required in the instructions, as this distinguished low and medium instruction
conditions. With additional detail, participants were encouraged to make use of
the full range of the busyness scale, but further detail on the anchor points does

not significantly affect the ratings scores given by the participants.

Previous research has suggested that survey respondents show a bias for the left
hand side of a rating scale (Friedman & Amoo, 1999; Friedman et al., 1994), so
participants are more likely to choose a response from the first few options in a
rating scale. In the current case this corresponds to the lower numbers of the
busyness scale. Therefore, if such left-side bias does exist for busyness, then it
seems that providing more detail in the instructions, as given to the raters in
medium and high conditions, might mitigate some of the effects of this bias,
resulting in greater use of the full range of the busyness scale.

The significant difference found between the mean busyness scores for clips in
the three conditions is perhaps surprising when compared to the results of
Gilbert, et al. (1984) who found no significant differences between the reliability
scores of rating scales in which all of the points of the scale were defined,
compared to rating scales in which only the polar points of the scale were
defined. However, Gilbert et al. compared different scales, each with a certain
level of scale definition, rather than comparing the results within the same rating
scale, under different scale definitions, as was the case in the current study.
Gilbert, et al. (1984) also compared reliability ratings rather than mean rating
scores. In the current study, all three conditions resulted in reliability values
indicating almost perfect agreement between observers, and there was little
variation between the ICC values in the 3 conditions (range .839-.854 for
consistency and .801-.819 for absolute agreement). This is the most comparable
result to that of Gilbert, et al. (1984) as there was little difference in the reliability
of the results obtained using the different instructions conditions. It is therefore
important to note, that whilst the type of instructions used may have little effect on
the reliability of the results, it may have an effect on the mean scores obtained
and hence may affect the value of the results recorded.
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In a study of human behaviour (Shear et al., 2001), two levels of detail were
compared on a scale designed to measure somatic and psychic anxiety
symptoms using an interview technique; the Hamilton Anxiety Rating Scale. The
authors compared the results from the traditional scale which lacks instructions
on administration of the interviews and on anchor points, with those of a more
structured scale in which guidelines were developed for interview administration
along with structured questions and rating criteria. It was found that both
techniques produced reliable results. However, the resulting ratings for the more
structured version were consistently higher. Whilst this method differed greatly to
busyness in terms of its application, method of administration and the fact that all
points on the rating scale were defined, not just the polar points, Shear et al.’s
study does illustrate that changes in the detail of instructions provided to raters
can influence the value of the results, even if reliability is consistently high.
These findings and those of the current study reflect the need for careful

consideration of, and consistency in, the instructions provided to participants.

Despite the fact that significant differences were found between the mean scores
for the video clips in the different instruction detail conditions, when considering
the actual values of the mean busyness scores, there is only a small difference in
the values for each of the different conditions. The mean difference between the
highest and lowest mean busyness score for each clip in each condition was
0.26, with no video clip differing by more than 0.86 between instruction
conditions. Mean scores for clips in each condition were always close to the
same categorical value of busyness, and if modal scores are considered, the
mode of the participants’ scores only differed (by no more than one busyness
level) for 5 out of 25 video clips. Therefore, the level of instructions made little
practical difference to the exact busyness results obtained. Whilst the differences
between the instruction conditions are reasonably low, recommendations could
be drawn from this study with preference for medium or high detailed conditions.
In terms of consistency, both of these instructions conditions would result in
similar scores from the participants, and a greater range of the busyness scale
would be utilised, making for a more sensitive dataset. Whilst there was little
difference between the reliability scores for the 3 conditions, and all scores were

high, ICC values were higher for the medium and high detail conditions thus
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adding further support for their use in future studies. When considering which
type of instructions to use, feedback from the participants should also be taken
into consideration. Whilst participant feedback was only analysed in simple
terms, where participants were free to leave any comments rather than
answering specific questions, the results revealed an effect of instruction detalil
on the participants’ ease of interpreting the measure. A high percentage of
participants in all instruction conditions found the method easy to use, but as the
detail of the instructions increased, fewer participants reported difficulty in
interpreting the ratings, or with assigning scores at the top of the scale, or
reported that the method became easier as they progressed through the study.
This adds further support to use of medium or high detailed instructions, which
appeared to aid the participants in using the measure.

Whilst this study used three levels of instruction detail, it was felt that only the
anchor points (the polar points on the busyness scale) should be manipulated,
and given greater detail. Whilst providing more definition would make this
measure more objective, it would then require more training to use and would
lose aspects of its descriptive and integrative nature (as discussed in Section
3.4.4)). ltis therefore recommended that some broad definition of the anchor
points be used (as in the medium instructions) in order to increase the range of
the data, without decreasing the inter-observer reliability. High detail (i.e.
additional video of the anchor points) could be used if desired but description of

the anchor points is sufficient (and less time-consuming to set-up).

This study could be considered to be limited, in that only three conditions were
used, and those three conditions were only categories, rather than a clear
continuum of instruction detail which could, for example, be correlated with mean
busyness score in order to be certain of the relationship between instruction
detail and survey result. Further research of this type would be useful, although

in practice, the types of instruction used in the present study may be adequate.

Having explored the reliability and validity of busyness and the effects of different
instructions in Studies 1, 2 and 3, it was considered desirable, in Study 4, to
examine whether busyness could be practically applied to the study of patterns of

behaviour.
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4.5. Study 4: Do busyness ratings reflect patterns of behaviour?

In Studies 1 to 3, sequences of behaviour were artificially segmented. Therefore,
Study 4 investigated whether the ratings produced from such segments of video
would correspond to ratings produced from intact sequences of behaviour. In
other words, investigating whether ratings of clips presented out of sequence
(thus removing the risk of observer expectations) would correspond to the
original, intact sequence when put back in order. This would help to build
confidence in the value of busyness as a field technique, where controlling for
order, or expectancy effects may not be possible. In addition, as a further test of
the reliability of the busyness, comparisons of ratings between the author and an
additional, experienced animal behaviour researcher were made. This was
considered important as a test of whether the scale would produce consistent

patterns of results with experienced as well as inexperienced observers.

4.5.1. Methods
Participants

Participants were 43 undergraduate psychology students from the University of
Plymouth, who received course credit for participation. Participants had not
previously taken part in Studies 1, 2 or 3. A second observer with substantial
experience of animal behaviour data collection also watched the video, in
addition to the experimenter.

Animals

The animals filmed for this study were the same as for Studies 2 and 3 of the
current chapter. The female tiger was the same as observed in Chapter 3.
However, unlike Chapter 3, the male tiger was her 2 year old cub. The enclosure
and husbandry routine of the tigers were the same as described in Chapter 3,
where the tigers were let back into their indoor area everyday at approximately
16:40 where they were fed. On the day of filming for this study, the tigers were
let inside shortly after filming finished at 16:45.
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Materials

Video was recorded for one minute, every eight minutes throughout the day from
11:00 to 16:44 on a single day to give a total of 44, one-minute clips of video.
These video clips were then taken out of chronological order and edited into a
video file in a random order that was determined using a random number
generator in Microsoft Excel. Three, additional one-minute clips were added at
the beginning of the video file, which served as example clips (as per Study 2,
Section 4.3). These three clips were not shown again in the main video. All
participants viewed the clips in the same, random order, as Studies 1 and 2 had

not indicated any significant effect of the video order on participants’ responses.

Procedure

Participants were briefed and debriefed as described in Section 4.2.1, and
received the same instructions as in Study 2 (Appendix 4.2). Participants then
viewed the video and recorded a busyness score for each minute of the study
video. Participants were requested to pause the video and to take a break in
concentration for approximately 3 minutes, after they had watched 30 minutes of

video.

The video was also scored for busyness by the experimenter (first observer) and
by another experienced observer (second observer) who had previous
experience of animal observations but not specifically of tigers, and no
experience of using the busyness scale. The behaviour of the tigers was also
recorded by these observers using one-zero sampling every minute according to
the ethogram presented in Appendix 4.7. As it was not practical for the second
observer to learn to identify the tigers individually, the tigers were identified by
their position on the screen (left or right) at the start of each minute and the
results were later assigned to the male or female tiger by the first observer, who
was able to identify the tigers. Results from the second observer provided a
measure of quality control on the behaviours that were recorded for each video

clip.

149



Chapter 4. Development of busyness

The first observer recorded the busyness of each clip twice, by observing the
video twice, with 2 months between observations; and mean values were
calculated for each clip. Cohen’s Kappa (Cohen, 1960) was used to check for

intra-observer reliability.

Data analysis

Mean and modal busyness scores were calculated from the participants’ results,

for each video clip.

Behavioural proportions (from one-zero data) were calculated as the proportion of
the two observations made for each video clip, in which each behaviour was
observed; if both observers recorded a behaviour such as sleeping for a
particular video clip, the proportion of sleeping for that clip would be 1; if only one
observer recorded sleeping for that clip, the proportion would be 0.5 and so on.

For data analysis, the results for all video clips were re-ordered and presented in
chronological order. Data were presented graphically and analysed qualitatively
in order to identify patterns of busyness throughout the day, and any associated
temporal patterns in the occurrence of the different behaviours. Behavioural data
were presented for behaviours that were observed in a minimum of 3 clips, for at

least one of the tigers.

45.2. Results

Figures 4.14 and 4.15 show the mean and mode of all of the participants’ scores
for each clip, with the clips arranged back into chronological order. Both graphs
show that busyness scores fluctuated around busyness level 1 and 2 during the
morning until 13:24, then busyness was consistantly low at around 1 in the
middle of the day until 14:28. Busyness then showed a peak of 3 (mode) or 2.63
(mean) at 14:52, then returned to around level 1 after 15:08. There was then an
increase in busyness score towards the end of the day from 15:24, to the highest
peak of 4 (mode) or 3.93 (mean) at 16:44.
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A similar pattern is shown in the busyness results recorded by the first observer
and by the second observer (Figure 4.16). The first observer also reported
fluctuating busyness scores in the morning, although these scores initially
fluctuated around 2 and 3 until 12:12, after which point they then fluctuated
around 1 and 2 until 13:16 (with the exception of one score of 3 at 13:16). The
second observer recorded a greater variation in busyness scores, with
fluctuations around scores of 1, 2 and 3 (with one score of 4) until 11:56, after
which point the scores fluctuated around 1 and 2, until 13:24. The scores from
both observers were then similar to those of the participants, remaining
constantly low in the middle of the day until 14:20 (first observer) and 14:36
(second observer) and showing a peak at 14:44 to 14:52 returning to a low level
at 15:16. Both observers then report an increase in busyness towards the end of
the day, from 15:32, to a peak of 5 at 16:44.

Figure 4.17 gives the results of the behaviours observed in each minute clip, in
chronological order. Inactive alert (low) behaviours were observed in clips
throughout most of the day. However, fewer observations of inactive alert (low)
were made in clips in the afternoon after 15:32. This corresponded to the
afternoon period being a time of increasing busyness. A similar pattern was
shown for inactive alert (medium) behaviours, with few observations of this
behaviour in clips after 15:32 (female tiger) and 15:40 (male tiger). In contrast,
observations of inactive alert (high) behaviours, which were mostly recorded for
the female tiger, were recorded more frequently in clips during the afternoon, for
example between 14:44 and 15:08, and between 15:40 and 16:28, which
corresponded to the reported afternoon peak of busyness, and the increase in
busyness towards the end of the day. Sleeping was mostly observed for the
male tiger particularly between the times of 12:28 and 14:20, at the times of low
busyness (with the exception of one observation at 16:20). Walking was
observed in all clips between 14:44 and 15:08 and after 15:48, corresponding to
the afternoon peak, and increase in busyness. Walking was not observed in clips
between 12:44 and 14:44 (male tiger) or 13:24 and 14:36 (female tiger),
corresponding to the period of low busyness in the middle of the observation day.
Trotting was only observed in clips after 16:20, at the times of highest busyness.

Agonistic behaviour was also only observed in clips at 15:40, and then after
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16:28, during the times of high busyness. Self maintenance was only observed
in a relatively low number of clips, but occurred in clips between 12:04 and 13:00,
and between 14:20 and 14:44, in clips that were rated at busyness levels of 1, 2
or 3. Investigation behaviour was also only observed in a relatively low number

of clips and showed no obvious pattern across the day, or with busyness score.

Behavioural patterns for the male and female tiger were similar across the day
(Figure 4.17). However, the male tiger was observed to be sleeping in a greater
number of clips (13) than the female (4), and the female was observed to show
inactive alert (high), agonistic and self maintenance behaviours in a greater

number of clips than the male.

The two observers generally agreed on all of the ‘active’ behaviours observed in
each clip, and they agreed on when the tigers were inactive, although some
differences arose in recording the different levels of alertness when inactive
(inactive alert [low], [medium] and sleeping). The results of the two sets of
observations made by the first observer differed (by 1 busyness rating) for only 8
out of the 44 clips. All of the other clips received the same busyness score on
both observations. Indeed, substantial (Landis & Koch, 1977) intra-observer

reliability was reported with Kappa results of .75, p <.01, n = 44,
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Figure 4.14: Mode of participants’ busyness ratings for each clip, with clips in chronological
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Figure 4.15: Mean of participants’ busyness ratings for each clip, with clips in chronological
order at 8 minute intervals. Error bars show standard error
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Figure 4.16: First and second observers’ ratings of busyness for each clip, with clips in
chronological order at 8 minute intervals (first observer’s ratings are the mean of two
observations of the video clips).
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4.5.3. Discussion

The busyness data generated from the participants formed an obvious pattern of
behaviour over the course of the observation day, including an increase in
busyness towards the end of the day. This demonstrates that, despite being
blind to the chronological order of the video clips, the participant’s ratings formed
a temporal pattern in tiger busyness. As such, the measure of busyness was

successfully utilised to record a clear pattern of behaviour.

This pattern of busyness was similar to that observed in Chapter 3 (Section
3.3.2), with busyness increasing towards the end of the day. Indeed, the
husbandry conditions for the current study were the same as for Chapter 3,
whereby the tigers were brought inside, and sometimes fed, at around 16:40
each day. It was therefore expected that the tigers would show a pattern of
behaviour, and increasing busyness, that anticipated the predictable feeding
event, and this was demonstrated. One possible criticism of the results reported
in Chapter 3 was the potential for observer bias, as the observers may have been
expecting an increase in busyness prior to the feeding time. In the current study
there was no opportunity for observer bias, as the participants were blind to the
chronological order of the clips, and the order of viewing clips was randomised.
That a temporal pattern of busyness was still determined supports the findings of
Chapter 3; that tiger busyness increases prior to a predictable feed. Itis
important to note, that this study is only based on video clips recorded over a
single day, therefore there is a possibility that the video clips did not represent a
‘normal’ day. However, the fact that a similar busyness pattern was recorded to
that found in Chapter 3, where observations were carried out during 34 days,
under the same husbandry routine and with one of the same tigers as the current

study, suggests that confidence in the pattern of busyness reported is warranted.

Patterns of busyness reported over the course of the observation day were very
similar between the participants and both observers. Results from the two
observers included some higher busyness scores than those reported in the
mean and modal scores from the participants. However the temporal patterns
were very similar, with peaks and troughs reported around the same time of day,

and with all busyness results showing an increase towards the end of the day,
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prior to the set feed. This agreement between independent observers provides a
form of validation for the measure, and indicates that patterns of busyness did

reflect actual tiger behaviour patterns.

Further validation of the busyness measure is demonstrated by the traditional
behavioural results. The occurrence of particular behaviours in clips during the
course of the day coincided with particular patterns of busyness. For example,
active, or animated/alert behaviours such as walking, trotting, inactive alert (high)
and agonistic behaviours were observed in clips at corresponding times to peaks
in busyness. This was particularly the case for the very animated active
behaviours such as trotting and agonistic behaviours which were only observed
towards the end of the day, as busyness was increasing before the feeding time.
In contrast, observations of inactive behaviours or sleeping did not frequently
occur in clips corresponding to these high busyness times of day. Indeed
sleeping was generally only observed during the times of day corresponding to

low busyness scores.

These behavioural results support the results of Study 2 (Section 4.3.2.) in which
busyness was positively correlated with active, animated or alert behaviours
including walking, trotting and inactive alert (high), and negatively correlated with
inactive and sleeping behaviours. In the current study similar behaviours were
also observed in video clips corresponding with increases or decreases in
busyness respectively. Running was also positively correlated with busyness in
Study 2. However observations of running behaviour did not occur at a high
enough frequency to be reported in the current study. It can be concluded that
busyness does reflect observable aspects of behaviour, and is a measure of a
combination of behaviours, with increasing activity and alertness as the busyness
scale increases. Busyness has therefore been successfully used to monitor
patterns of behaviour over the course of a day, and in the time preceding a

temporally predictable feeding event.
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4.6. Discussion of Chapter 4

The studies presented in this chapter were designed to investigate the utility of
busyness, through tests of reliability, validity and suitability for use. The results
have shown good supporting evidence for the use of busyness as a measure of

animal behaviour, and have been in agreement with predictions made.

In Study 1, busyness showed good inter-observer reliability between the
participants’ busyness rating scores. Participants generally showed good
agreement on their choices of busyness ratings, and Spearman’s correlation and
intraclass correlation scores indicated good inter-observer reliability. High levels
of reliability were also demonstrated between participants’ busyness scores in
Studies 2 and 3, and also between the experimenters in Study 4, thus

demonstrating repeatedly high reliability.

It is essential to establish that a subjective measure is reliable before that
measure can be used in scientific study, as the measure is of no use if it is not
reliable (Meagher, 2009). Previous tests of some qualitative measures of animal
behaviour have found them to be suitably reliable. For example, as mentioned in
Section 4.1.1, studies of behavioural trait ratings (Carlstead, Mellen et al., 1999
and Wielebnowski, 1999) have demonstrated good levels of inter-observer
reliability. Also, the FCP method has been tested in over 60 trials, with significant
agreement demonstrated between observers (Wemelsfelder, 2007), and
reliability testing of ratings of e.g., elephant social behaviour and horse
personality (Freeman, et al., 2010; Lloyd, et al., 2007) has ensured that further

analysis uses only reliable data.

The current chapter has also demonstrated good inter-observer reliability of
busyness. Intraclass correlation values were high, and were at the high end of
the range of ICC values reported in the literature. As discussed in Section 4.2.3,
various ICC values have been reported in tests of qualitative measures. For
example King and Figuerdo (1997) reported ICC values of .33 to .88 and McCrae
and Costa (1987) reported a range of ICC values for human personality traits of
.30 to .65, which they stated as significant. When evaluating reliability ratings, it

is important, not only to consider the significance level, but also the value of the
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reliability score itself. In fact, the reliability score may be more important than the
p-value, which gives little information on the degree of reliability (Martin &
Bateson, 1993). As discussed in Sections 4.1.1 and 4.2.3, requirements for good
reliability have been set at over .70 or .75 (Chang, n.d.; Portney & Watkins,
2000), therefore the reliability scores achieved in the current study are good by
those criteria. Hence busyness has shown repeatedly high reliability and should
thus be considered to be a suitable measure for use, particularly in comparison to

some of the measures reported in the literature.

The good inter-observer reliability is particularly notable when it is considered that
the student participants in this study had no previous training in animal behaviour,
and received only the instruction sheets shown in Appendices 4.1-4.2. As noted
in Section 2.7, other discussions of qualitative measures for animal behaviour
studies have suggested that observers require prior experience of animal
observation e.g., Wemelsfelder (2007). Although Wemelsfelder et al. (2000)
earlier reported success in using untrained observers to record behaviour. That
the current study demonstrated reliability, despite a lack of experienced
participants, demonstrates that the measure of busyness may be suitable for

reliable use with relatively untrained observers.

As the measure of busyness is composed of only a single scale, the reliability
value is a clear indication that the measure is reliable between observers. This is
in contrast to some other qualitative measures in which scoring takes place of
multiple traits, some of which may be unreliable, but the focus is on the mean
reliability value. For example, Weiss et al. (2006) reported ICC values for items
of orang-utan personality ranging from .20 to .79 with a mean reliability of .42. It
was concluded that observers were able to reliably assess orang-utan
personality; however it is not clear whether all behavioural items were included in
the further Principal Components Analysis used to determine the components of

orang-utan personality.

Some studies have excluded unreliable traits from the analysis and have thus
demonstrated that through reliability testing, the final measure is robust. For
example, Wielebnowski (1999) excluded the traits ‘friendly to people’, ‘friendly to

conspecifics’ and ‘solitary’ from further analysis of cheetah behavioural variation,

158



Chapter 4. Development of busyness

as reliability values for these traits were <.48, with p-values >.20. In order that
the reliability of qualitative measures can be assured, it is preferable for
measures to be transparent, with all aspects (e.qg., traits) achieving suitable levels
of reliability. As a single measure, this was not an issue with busyness.
However, it was important (and achieved) that this, single measure could stand

alone, showing high reliability.

In addition to showing good reliability, the results in this chapter have
demonstrated busyness to be valid and meaningful in terms of animal behaviour.
It was predicted that the different levels of busyness would relate to particular
behaviours, and that there would be a correlation between busyness and the
occurrence of certain behaviours. This was indeed the case, with particular
behaviours being observed at each busyness level. More active and animated
behaviours occurred at the higher end of the busyness scale, which was also
reflected in the correlations. Higher busyness levels were also found to
encompass an element of alertness, with more alert behaviours occurring at

higher busyness ratings.

As described in Section 4.1.2, relationships between qualitative measures and
certain behavioural observations have also been shown in previous validation
studies of qualitative measures. For example, Rousing and Wemelsfelder
(2006), Carlstead, Mellen et al. (1999) and Wielebnowski (1999) found significant
correlations between ratings of behavioural traits and behavioural observations.
Also, Lloyd et al. (2007) validated ratings in the Horse Personality Survey (HPS)
against behavioural observations, and Capitanio (1999) also found that measures
of personality correlated with certain behaviours in the behavioural repertoires of
rhesus macaques (Macaca mulatta), for example the measure of ‘confidence’
correlated with aggressive behaviours. In accordance with some of the previous
literature on qualitative methods, the current study has gone some way to

demonstrating good construct validity of busyness.

Establishing validity and reliability means that the results obtained using a
gualitative measure will be useful and meaningful when the measure is applied to
a scientific question. In the current chapter, busyness, once validated, was

successfully used (in Study 4) to demonstrate a pattern of tiger behaviour over
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the course of the day, and in the lead up to the feeding time. This further
supported the findings of Chapter 3 that tiger busyness increases in the lead up
to a predictable feeding event, potentially in anticipation of that event. Study 4
also provided further validation of busyness as demonstrated by the
correspondence between peaks in busyness and the occurrence of certain
behaviours at particular times of day. As predicted, certain behaviours (such as
walking, trotting and inactive alert high) were observed more frequently in video
clips later in the day, when busyness scores were higher. These were the same
behaviours found to correlate with busyness in Study 2. Hence, this chapter has

produced multiple validations of busyness against traditional behavioural results.

Study 3 revealed that greater detail of instructions (on the busyness scale)
resulted in higher means of busyness scores, and higher values for inter-
observer reliability. Whilst the difference between the means (low to medium,
and low to high detail instructions) was statistically significant, the magnitude of
the differences between instruction conditions was not large, and there was little
difference between modal scores for each video clip for each instruction
condition. However, that there was a difference between instruction conditions
highlights the importance of taking into account the types of instructions that are
to be provided alongside qualitative measures. The types of instructions are also
important to consider in terms of providing a method that is easy for participants
to use, and as Study 3 reported fewer difficulties in interpretation with more
detailed instructions, sufficient detail should be provided to aid participants in

using the measure.

As increased detail of the instructions and hence increased ‘training’ resulted in
higher busyness scores, it may be useful in future work, to determine whether
observers who have undergone more training, and who are more experienced at
animal observation, produce different results to untrained participants. Indeed
the busyness scores of the two, more experienced observers in Study 4 were
often higher than those of the student participants. It may therefore be useful to
further test busyness by comparing results given by experienced versus

inexperienced observers.
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Another area for future research would be to determine the reliability of busyness
when used on enclosures containing different numbers of animals. This chapter
has demonstrated reliable use of the busyness technique on a group size of two,
and also a group size of four, but further work, on different group sizes would
further develop the measure. With the exception of Study 1, this chapter focuses
on an enclosure containing two tigers. If the two individual animals are
performing very different behaviours then there is potential for different
interpretations of the different levels of busyness. For example, a rating of 3
could mean that one animal was very active, and the other was not, or that both
animals were moderately active. There may be potential for disagreement
between observers if the two individual animals are performing different
behaviours, as one observer may focus on a particular animal, and another may
give an average rating. However, as busyness is defined as a measure of the
entire enclosure then this should not be problem, as it is not intended to
distinguish particular behaviours and indeed, inter-observer reliability was found
to be good, despite using two tigers. This does however highlight the need for
instructions to be clear and account for this. Indeed, the participants in Study 3
left feedback regarding difficulty in rating busyness when the two tigers were
behaving differently. Guidance should therefore be given for how to interpret this
situation. However, it is important that the instructions do not become too
prescriptive in order to retain the benefits of a subjective measure that has

already proved to be effective and reliably used with multiple observers.

Busyness has so far used a 1 to 5 scale, however observers in the current
research questioned whether a score of 0 should be recorded for occasions when
no animals were visible. As a measure of the overall busyness of the ‘enclosure’,
this might seem sensible, but it is instead recommended that busyness is not
given a value for intervals when no animals are visible, as scores of 0 may lead

to misleading averages when interpreting behaviour.

Busyness has been demonstrated to be both reliable and valid, and therefore has
potential for use in the study of predictability and anticipation. The measure of
busyness is particularly useful for such study because it has been demonstrated

to encompass a number of different behaviours. As discussed in Chapter 2, a
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range of behaviours have been reported to change in anticipation of an event,
with no, single behaviour constituting an anticipatory response. The measure of
busyness therefore can cover a number of behaviours which may comprise a
change in the overall behaviour of the animal prior to a predictable event, which
may not have been so easily recorded by a method in which behaviours are
analysed individually. Such ‘overall’ observation has been cited as an advantage
of qualitative methods. In their basis of human interpretation, they become
integrative measures of aspects of behaviour, and so provide a level of

information that is not available from objective measures (Wemelsfelder, 1997).

Another advantage of busyness is that it can be used as a ‘real time’ sampling
measure. Busyness provides data for each minute of observation, and as such
can provide information on temporal patterns of behaviour (as demonstrated in
Chapter 3, and Study 4 of the current chapter). Some other, previously validated
gualitative measures require observation over a period of time, followed by an
overall rating value. For example ratings of behavioural traits and personality
provide a single rating value for each trait, per animal, for which the observer is
often required to have substantial experience of the animal (e.g., King & Landau
[2003]). Wemelsfelder et al. (2009) were able to use a qualitative measure (the
FCP technique) to record the behaviour of pigs after just 3 minutes of
observation. However, this measure, whilst quick to use, still only achieved a
single measure per individual. An advantage of busyness is that it can provide
an ever-changing measure of behaviour, in accordance with the animal’s

behavioural changes over time.

In summary, this chapter has demonstrated on multiple occasions, that busyness
shows substantial reliability between observers and hence it is suitable for use
with multiple observers. Validations of busyness against traditional measures of
animal behaviour data collection have demonstrated busyness to be meaningful
in terms of behaviour, and to be related to active, animated and alert behaviours.
Busyness ratings have also been shown to correspond to observable patterns of
animal behaviour derived using more traditional methods, and hence shows
potential for use in studies of predictability and anticipation. The studies reported

in this chapter have also demonstrated that busyness can be used by relatively
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untrained observers, and that increasing the detail provided to the observers on
the anchor points of the scale, increases (although only slightly) the inter-
observer reliability, and increases use of the full range of the busyness scale.
Thus, the results of this chapter demonstrate that people have the capacity to
record animal behaviour in a consistent fashion using subjective measures. The
busyness ratings chosen by observers were not based on individual beliefs or
biases, but rather a shared view of what constitutes busyness. Therefore, by
testing the reliability and validity of busyness, it has been demonstrated that
busyness can be used, by multiple, relatively untrained observers to record

observable aspects of behaviour.

This process of testing for reliability and validity is therefore important in the
development of useful qualitative measures. A qualitative measure of animal
well-being using keeper scores is currently being tested by the Chicago
Zoological Society at Brookfield Zoo (Whitham & Wielebnowski, 2009), which is
being compared with instantaneous and all occurrences sampling of behaviours
and faecal glucocorticoid levels. If itis found to be reliable and valid, this
measure will then be circulated to other zoos to be used to monitor and manage
welfare issues. Similarly, it is hoped that the measure of busyness can now be
used in further work, to provide useful data on animal behaviour, particularly in
relation to anticipation and predictability. This was achieved in Chapter 5 of the
current thesis, where busyness was used in a ‘field’ situation, to record the

behaviour of meerkats, and as a further test of the application of busyness.
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Chapter 5

The effect of predictable feeding times on meerkat

(Suricata suricatta) behaviour

5.1. Introduction

Chapter 3 revealed changes in tiger behaviour in the time leading up to a
predictably timed feeding event, such that the behavioural changes anticipated
the feeding time. However, in order to confirm anticipation and establish that the
feeding time was controlling behaviour, there was a need for an experimental
study in which feeding times are manipulated. As mentioned in Chapter 3,
manipulation of the tiger feeding regime was not possible for management
reasons and also due to the birth of tiger cubs. The current chapter therefore
describes research that was carried out on captive meerkats (Suricata suricatta);
a carnivore species whose feeding time could be manipulated. In the current
chapter feeding times were manipulated to give two experimental conditions:
temporally predictable and unpredictable feeding regimes. Two experiments are
described; an initial comparison of meerkat behaviour on predictable and
unpredictable routines, and a repeat study carried out at a time in which there
were fewer visitors in the zoo (as described further in Section 5.5).

The current chapter used a number of measures to investigate the effect of a
predictable feeding time on meerkat behaviour, including busyness and as such,

provided a further test of the utility of busyness on a different species.
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As described in Chapter 3, predictable feeding times can lead to changes in felid
behaviour that anticipate the feeding time. However behavioural changes have
also been demonstrated in other animal taxa, as described in Section 1.4.2. For
example, coyotes, Francgois’ langurs, sea bream and hamadryas baboons
(Gilbert-Norton, et al., 2009; Krishnamurthy, 1994; Sanchez, et al., 2009;
Wasserman & Cruikshank, 1983 respectively). Unpredictability of feeds, in terms
of early or late deviations from a set feeding time has also been shown to affect
behaviour, for example, Waitt and Buchanan Smith (2001) demonstrated that
stump-tailed macaques showed increased self-directed behaviour, inactivity and

abnormal behaviours when waiting to be fed.

As described in Chapter 1, there is a lack of agreement in the literature over the
welfare implications of predictability in a captive environment, and hence whether
predictable or unpredictable routines are better for animal welfare. For example,
Ulyan et al. (2006) tested brown capuchins on predictable and unpredictable
feeding schedules and suggested that predictable schedules are better for animal
wellbeing. This was because the capuchins spent more time in proximity,
activity, and social behaviour and had lower cortisol concentrations in the
predictable condition. In contrast to this, Bloomsmith and Lambeth (1995) found
that groups of chimpanzees fed on an unpredictable schedule showed lower
levels of inactivity and abnormal behaviours in the period prior to feeding, than
chimpanzees fed on a predictable schedule.

Whilst anticipatory behaviour prior to set feeds has been documented for several
species, it has not, to the researcher’s knowledge, been specifically studied in
meerkats and hence the effect of predictable feeding times on captive meerkat
behaviour is unknown. Anecdotally, meerkats appear to be popular zoo exhibits
(e.g., Murden, 2010), and many UK zoos are now offering ‘Meet the Meerkat’
experiences in which visitors are able to feed the meerkats. Such zoos include
Banham Zoo (2009), Paignton Zoo (2011), Paradise Wildlife Park (nd) and The
Wildlife and Dinosaur Adventure Park, Combe Martin (nd) to name a few (it is
important to note that the meerkat experience at Paignton Zoo was not running at
the time of this study). In addition to feeding for husbandry, such definite feeding

events can become fixed at set times. These set times may then have
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consequences for meerkat behaviour, as in other species, which furthers the

interest in studying the effects of predictable feeding on meerkat behaviour.

5.1.1. Introduction to the meerkat

The slender-tailed meerkat (Suricata suricatta) is a small carnivore from the
family Herpestidae (mongoose). Meerkats are widespread across western parts
of southern Africa, including areas of Namibia, Botswana, South Africa and
Angola, in habitats of shrubland and desert (Macdonald & Hoffmann, 2008).
There are no major threats to the conservation of this species and hence the
conservation status, given by the International Union for Conservation of Nature
(IUCN) is “Least concern” (Macdonald & Hoffmann, 2008).

Meerkats are diurnal, although they have been observed to avoid activity outside
of their burrows during the middle of the day, when temperatures in southern
Africa are high (Doolan & Macdonald, 1997). Foraging activity occupies most of
the active period, and diet in the wild consists of mostly insects plus some
reptiles, small mammals and birds (Doolan & Macdonald, 1997; Kingdon, 1997).
Meerkats forage individually but in close proximity to other meerkats (Kingdon,
1997) and foraging is a highly active process, involving sniffing the ground,
scratching and raking at the soil surface and digging holes, whilst making contact
vocalisations with other members of the group (Doolan & Macdonald, 1997;
Ewer, 1963).

Meerkats are co-operatively breeding animals living in groups of 2-50 individuals
(Thornton, 2008). A dominant male and female meerkat are the parents of
around 75% of the young meerkats in a group (Clutton-Brock et al., 1999) and
the other adults in the group, both male and female, assist in the rearing and
provisioning of food to these offspring (Brotherton et al., 2001; Clutton-Brock, et
al., 1999). Group members also assist in predator detection duties. Meerkats
raise themselves into a high posture, standing on their hind feet with their whole
body extended vertically. This is used as a look-out posture (Ewer, 1963).

Group members alternate in keeping guard for predators from this, raised
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position (Clutton-Brock, et al., 1999) and they alert the other meerkats with alarm

calls if a predator approaches.

Meerkats in captivity are often held in smaller groups than found in the wild
(Wemmer & Fleming, 1975). A husbandry guide produced by Bristol Zoo states
that feeding should take place once or twice per day and that food types given in
zoos are varied, and can include: live invertebrates, such as mealworms and
crickets; meat items, such as day-old chicks; fish, eggs, fruit and concentrated

commercial feeds (Brown & Partridge, n.d.).

Research on captive meerkats has shown that they display a similar repertoire of
behaviours as those observed in the wild. For example, captive meerkats will
spend a large proportion of time foraging, particularly if provided with feeding
enrichment (Brown & Partridge, n.d.). Vigilance behaviours are also shown by
captive meerkats. Moran (1984) observed that at least one member of a captive
group of meerkats would be situated in a prominent, elevated position at almost
all times, engaged in vigilance behaviours. In association with vigilance, captive
meerkats have been reported to give all alarm calls that have been documented
in the wild (Hollén & Manser, 2007). Vigilance behaviours have been connected
to keeper activities as well as predators, and in an undergraduate research
dissertation Hatersley (2005) noted a high proportion of vigilance behaviours prior

to a predictable feed.

5.1.2. Rationale, aims and predictions

The current study was designed to allow comparison of behaviour on predictable
and unpredictable feeding routines in an experimental study. This study was
carried out on meerkats, a species for which the effect of predictable feeding has
not yet been determined, and for which it might be expected that predictable
feeding might be used in zoos for husbandry reasons and for visitor feeding

experiences.

An aim of this study was therefore to investigate the effect of a predictable

feeding time on the behaviour of captive meerkats, by investigating behavioural
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changes throughout the day on a predictable feeding routine, and by comparing
meerkat behaviour prior to predictable and unpredictable feeding times. Another
aim was to investigate the types of behaviour that are affected by predictable
routines, in order to identify which behaviours are indicative of an anticipatory

response.

Due to the lack of previous research on meerkat anticipatory behaviour, and the
lack of consensus in the literature over the effects of predictable routines, the
current research was largely inductive in its exploration of the effect of
predictability on meerkat behaviour. As predictability has been shown to affect
behaviour in other species, it was predicted that patterns of meerkat behaviour
would show differences between the feeding conditions, with certain behaviours
increasing or decreasing in the time leading up to the predictable feeding time.
However, due to the lack of previous research, the direction of change of specific
behaviours could not be predicted (see later in the current section). As a
consequence of these behavioural changes (and as a comparison to previous
research which has often only compared sample observation sessions) it was
hypothesised that meerkat behaviour in the half hour directly preceding a
predictable feed would differ significantly from their behaviour in the equivalent

observation sessions prior to feeds on an unpredictable schedule.

Given that meerkats adopt look-out postures (referred to as vigilance in the
current study), it was possible that the meerkats would show this behaviour when
looking out for their keepers. Hence it could be expected that the meerkats
would show a pattern of increased vigilance behaviours, including increased
proportions of time spent in vigilance, and increased acts or rates of rising up into
the standing posture (termed standing in the current study), in the period leading
up to the predictable feed, as the meerkats anticipated, and looked out for, the
arrival of their keepers. These vigilance behaviours could therefore be expected
to be greater in the observation sessions prior to feeding on a predictable
schedule as compared to an unpredictable schedule. On the other hand, it could
also be argued that vigilance behaviours might decrease prior to feeding; Clutton-
Brock et al. (1999) observed that the provision of food can increase the

contribution of meerkats to vigilance behaviours. Hence it could be assumed that
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the inverse might happen when nearing a feeding time; when the longest time
has passed since the previous feed, the meerkats might decrease their
contribution to vigilance. Therefore, it was predicted that predictable feeding
would cause a change in meerkat vigilance, but the direction of that change could

not be predicted.

The methods employed in this study, again consisted of extended periods of
observation in order to determine more detailed patterns of behaviour than in
previous literature. This study also aimed to investigate the effect of a
predictable feeding time on meerkat busyness and to further develop the
measure of busyness by testing it on a different species, and in conditions where
the feeding schedule had been manipulated in a manner that might be expected
to alter behaviour. An important question was whether busyness ratings would
be capable of reflecting patterns of behavioural change prior to feeding in a field
setting. The current study therefore aimed to further validate busyness ratings

against traditional measures of behaviour.

5.2. Methods for Study 1

5.2.1. Subjects, housing and husbandry

Subjects were initially two male and three female, adult (aged 3-6 years) slender-
tailed meerkats (Suricata suricatta), marked with hair dye to enable individual
identification. These meerkats were housed at Paignton Zoo Environmental
Park, Devon, UK, in a walled enclosure, composed of 2 sections (sections 1 and
2) of approximately 11m x 7m each, joined by 2 pipes running through a dividing
wall. Enclosure furnishings consisted of mud and bark chip areas, in which the
meerkats could tunnel and forage for insects; bushes and small trees; rocks and
logs; raised areas underneath heat lamps, and a house. One section of the
enclosure was shared with a pair of porcupines who also had a house area,
which the meerkats could enter. Visitors could view the meerkats along two
sides of the enclosure by looking over the wall. Appendix 5.1 shows photographs

of these enclosures.
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The meerkats were kept in section 1 of the enclosure overnight and were given
access to both sections in the morning, when the enclosure was also cleaned.
On the 13" day of the unpredictable feeding condition (see Section 5.2.2 for the
feeding timetable), it became necessary to separate the meerkats due to serious
aggression in the social group. After this separation, it was decided to continue to
study only one male and one female meerkat, now in a pair, since they
experienced the least disturbance likely to affect behaviour as a result of this
separation. This pair of meerkats was kept in section 1 of the enclosure for the
remainder of the study, with access to section 2 on alternate days. The
remaining meerkats also had alternate access to section 2 on alternate days but
were housed in a new enclosure section and were mixed with a new female
meerkat; hence observation of these meerkats was discontinued. The focus of

the current studies reported in this chapter was therefore on the pair of meerkats.

5.2.2. Feeding routines

Prior to the study, the meerkats were fed in the morning and afternoon but with
no clearly defined feeding times. A preliminary pilot study of the meerkats on
their existing husbandry routines was used in order to develop an ethogram and
ensure that there were no other, pre-existing daily patterns of behaviour that
occurred around the time that was to become the predictable feeding time. The
meerkats were then studied in two different feeding conditions; unpredictable and
predictable, as described in Table 5.1. The manipulated feeding time of interest

for this study was the second feed (afternoon) of the day.

Table 5.1. Details of the two feeding routines used in this study.

Feeding routine Duration Time of first Time of second (afternoon) feed
(morning) feed

Unpredictable 30 days 10:00 Random time at any, 15min interval
between 12:30 and 17:45 (pre-
determined using a random number
generator in Microsoft Excel)

Predictable 92 days 10:00 15:30
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The predictable condition followed directly after the unpredictable condition in a
within subjects design. The keepers fed the meerkats at the pre-determined
times as closely as their other duties permitted. A keeper log was kept, recording
the actual time at which the keepers arrived at the enclosure to feed the
meerkats. The results were reviewed after 30 days of the predictable condition
and it was found that none of the predicted trends of anticipation were apparent.
Johnston and Pennypacker (2009) suggest that “phases should last until
satisfactory stability has been obtained” (p217), and this was not achieved after
30 days. As this study was somewhat inductive in design, and no previous
research exists on the speed of learning in meerkats, it was decided to extend
the length of the predictable condition, to further investigate meerkat behaviour
over this time, in case the meerkats had not yet had enough time to learn the
routine or had been affected by a long period of bad weather, which occurred

during observations.

5.2.3. Behavioural data collection
Behavioural trends throughout the day

Meerkat behaviour was recorded using instantaneous scan sampling of state
behaviours at 1 minute intervals, in 30 minute observation periods throughout the
day between 08:30 and 18:00, organised so that over the course of the study,
data were collected to cover each 30 minute session in the day with either 15 or
16 repeats in the predictable condition and 5 or 6 repeats in the unpredictable
condition. This different number of repeats was due to the differing lengths of the
conditions as detailed in Table 5.1. Data were collected throughout the day in
order to both investigate any patterns in behaviour, and to habituate the meerkats
to the presence of the observer and prevent them from associating the arrival of
the observer with the imminent arrival of food and hence using the observer as a
feeding cue. The meerkats were fed by a keeper and not by the observer to
further avoid this association. Instantaneous scan sampling was used as the
most appropriate method to obtain data on all five meerkats (as observed at the
start of the study) at the same time, as it allowed each individual to be scanned
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on the sampling interval. This method also enabled the calculation of proportions

of behaviours in 30 minute periods throughout the day.

Recorded behavioural states included 3 vigilance states; standing in a sentry
position, ‘high vigilance’ and ‘low vigilance’, as well as locomotion,
foraging/investigating, feeding, resting, enrichment-directed, social, agonistic and

self maintenance behaviours (see Table 5.2 for full descriptions of behaviours).

The event behaviour ‘standing’ (the act of rising up into a full standing, sentry
position) was recorded by all occurrences recording for each minute of the
30minute observation period, for any meerkat (see Table 5.2). The presence or
absence of keeping staff was also recorded each minute, as was the number of

meerkats not visible for the entire minute.

Busyness

Busyness (as previously described in Section 2.9 and Chapters 3 and 4) was
recorded for every minute of the 30 minute observation periods on a scale of 1 to
5 (very quiet — very busy) based on the behaviour of all meerkats in the

enclosure.

Effect of feeding condition on pre-feed behaviour.

The data collection described above included observation sessions during the 30
minute period immediately prior to the feed time. In the unpredictable feeding
condition this involved the 30 minutes prior to a randomly chosen (unpredictable)
feeding time (see Table 5.1), and in the predictable condition this involved the 30
minute session at 1500 to 1530, immediately prior to the set feed. Over the
course of the study, data were collected in 16 pre-feed sessions in the
unpredictable condition (7 before the meerkat group was split up, and 9 after the
split) and 38 pre-feed sessions in the predictable condition. Data collection
always started early, and if necessary finished late so that, in addition to
observing behaviour prior to the timetabled feeding time, data were obtained for
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the 30mins immediately prior to the exact feeding time (for days when feeding

was not exactly on time), in order to record any effects of slight deviations from

the routine.

Table 5.2. Descriptions of meerkat behaviour categories

Behavioural
Category

Description of Behaviour

State behaviours

Not Visible Animal is obstructed from view.

Vigilance Sentry: Meerkat is standing on hind feet in the tallest bipedal stance, looking at or
around environment.
High sit vigilance: Meerkat is sitting upright with back straight and forelimbs off the
ground, looking at or around environment.
Low sit vigilance: Meerkat is sitting on hind legs with all 4 paws on the substrate or
is sitting with its lower quarters supported by the substrate, looking at or around
environment.

Resting Meerkat is stationary, sitting or lying in the enclosure. Eyes may be closed.

Locomotion Activity involving movement of the whole body from one spot to another that is
greater than one body length of the animal. This may include running, trotting,
walking, jumping and climbing.

Self- Meerkat uses mouth or paws to groom and lick fur.

Maintenance

Foraging /
investigating

Meerkat sniffs, scratches or digs at the ground or enclosure objects. Meerkat may
walk whilst foraging with its head and nose to the ground or enclosure object.

Feeding Consuming food.

Enrichment- Any behaviour that is directed towards an environmental enrichment object
Directed (separate to normal enclosure furniture) in the enclosure. Behaviours may include
Behaviour moving the object with paws, body or head, carrying, holding, licking, chewing,

Social Activity

Agonistic
Behaviour

ripping, etc.

Behaviour involving interaction between two or more meerkats excluding agonistic
behaviour.

Behaviour between meerkats related to fighting or defence.

Event behaviours

Standing

Meerkat raises forelimbs off the ground and stands up on hind paws to rise up into
in the tallest bipedal stance; the act of standing up
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5.2.4. Data analysis
Behavioural trends throughout the day

In each feeding condition, the data were collated in the following way: the
proportion of scans of each state behaviour was calculated for each 30 minute
observation session. Mean proportions were then calculated for all of those 30
minute sessions at each time of day. These means were then plotted and used
to determine patterns of behaviour over the course of the day, and prior to the

predictable feeding time.

A rate of standing for a single meerkat was calculated for each minute of
observation in the predictable condition by dividing the number of standing events
by the number of meerkats visible for that minute. Mean rates were then
calculated for each minute of observation over all of the days of observation in
the predictable condition. Minutes in which no meerkats were visible were
excluded from the analysis. Standing behaviour was analysed twice, firstly using
the full set of data and again, omitting data in which zoo staff were present at the
enclosure. This was to remove any effect on meerkat behaviour associated with
keeper presence. The mean rate of standing events was also calculated in each
of the 30 minutes leading up to the exact (rather than timetabled) feed time, over
all days of observation (with the data collected when the keepers were present
removed), and descriptive analysis was used to determine any patterns in

standing behaviour leading up to the exact feed time.

Mean busyness scores were calculated for each minute of the day, over all
observations in the predictable condition. These scores were analysed
descriptively to determine any patterns of meerkat busyness over the course of
the day, in particular, prior to the feeding time. As in Chapter 3, descriptive
analysis of the data was suitable to determine detailed patterns of behaviour. As
discussed in Chapter 2, the study of predictability would benefit from
consideration of behaviour over an extended period of time, hence descriptive
analysis enabled the investigation of the extent of patterns of behaviour prior to

feeding, in context with patterns throughout the day.
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Effect of feeding condition on behaviour

To determine any patterns of change in pre-feeding behaviour across the
duration of the study, the proportion of scans spent in each state behaviour were
plotted for the pre-feed 30 minutes on each day of observation, in both feeding
conditions. For the unpredictable condition this was the pre-feed 30 minutes at a
random time, and for the predictable condition this was the 30 minutes starting at
15:00, prior to the timetabled feed at 15:30. In order to statistically determine any
effect of the feeding condition on pre-feeding behaviour (as demonstrated in
previous literature such as Bloomsmith & Lambeth [1995]), randomisation
analyses (Design 3) (Todman & Dugard, 2001) (chosen for their suitability for use
with small-n designs) were performed to compare the mean proportions of each
state behaviour in the pre-feed observation sessions, in the predictable and
unpredictable feeding conditions for both meerkats (using 2000 re-randomised
pseudosamples). Randomisations were run three times, and average scores

were calculated.

Analysis of early and late feeds (when feeding was not exactly on time in the
predictable condition) was carried out by plotting the proportion of scans spent in
all vigilance behaviour for the exact 30mins of observation before the feeds that
were: a) early by 2-10mins, b) on time plus or minus one minute, c) late by 2-10
mins or d) late by over 10 mins. Randomisation analyses (Design 6) (Todman &
Dugard, 2001) were used to determine any significant differences between these
on time, early and late conditions for both meerkats (using 2000 re-randomised
pseudosamples). Randomisations were run three times, and average scores

were calculated.

In the following section (5.3), results from the predictable feeding condition are
considered first, followed by comparison to the unpredictable condition, since
predictable feeding was the main condition for the investigation of patterns of

anticipatory behaviour.
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5.3. Results of Study 1

Sections 5.3.1 and 5.3.2 (below) report data from the patterns of mean
proportions of state behaviours throughout the day in the predictable and
unpredictable feeding conditions (Figures 5.1-5.8). Section 5.3.1 focuses on
patterns of behaviour in observation sessions up to 1.5 hours prior to the 15:30
feed time, whereas Section 5.3.2 reports daily patterns of behaviour, in order to
place the findings of Section 5.3.1 into context.

5.3.1. Behavioural trends prior to 15:30

Of all state behaviours recorded for both meerkats, there were few clear patterns
of increase or decrease in proportions in the observation sessions leading up to
the feeding time in the predictable condition, in comparison to other variation in
proportions of the behaviours throughout the day (Figures 5.1,5.3, 5.5 and 5.7).
There were no clear patterns of increase or decrease prior to predictable feeding
for the male meerkat, although a slight pattern of increase in proportions of
foraging behaviour was shown leading up to the feeding time. However, this was
not clearly discernible from patterns throughout the rest of the day. The female
meerkat showed patterns of increase in ‘vigilance high’, ‘vigilance low’ and ‘all
vigilance’ behaviour in the observation sessions leading up to the 15:30 feeding
time (Figures 5.1 and 5.3). However it should be noted that there was variation in
the data and other, greater peaks in proportions of these behaviours were shown

at other times of the day (as described in Section 5.3.2).

Whilst the female meerkat showed some patterns of increased proportions of
vigilance behaviours in the observation sessions leading up to the predictable
feeding time (15:30), comparisons with a comparable time in the unpredictable
feeding condition revealed only limited differences between the two conditions.
Proportions of ‘vigilance high’ behaviours were higher immediately prior to 15:30
in the predictable condition, than the unpredictable condition, however there was
variation in the data in the unpredictable condition (Figure 5.2). Proportions of
‘vigilance low’ behaviour prior to 15:30 for the female meerkat were marginally
higher in the predictable than the unpredictable feeding condition, however the
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same pattern of increase in sessions leading up to 1530 was demonstrated in
both conditions. Proportions of ‘all vigilance’ behaviour for the female meerkat
appeared to be higher prior to 15:30 in the predictable feeding condition. There
were no other clear differences in proportions of behaviour prior to 15:30 in the

two feeding conditions.

5.3.2. Behavioural patterns throughout the day in the predictable and

unpredictable feeding conditions

Both meerkats showed some regular patterns in the proportions of different state
behaviours throughout the day, which require description in order to place the
pre-feed behaviours into context. Overall, similar patterns were shown
throughout the day in both feeding conditions; however those differences that did

exist will be described here.

The male meerkat showed similar patterns of ‘vigilance high’ in both feeding
conditions, with low proportions (<.01) in the morning, gradually increasing
throughout the day, but reaching no higher than .09 in either condition (Figures
5.1-5.2). Proportions of ‘vigilance high’ were higher, but more variable for the
female meerkat, with peaks shown during the predictable condition at 10:30,
13:00, 15:00 and 16:30 and low levels at 10:00, 12:30, 14:00 and 15:30 (Figure
5.1). Similar variation was also shown in the unpredictable condition; however

the peak proportion of .38 at 16:30 was not shown in the unpredictable condition.

In contrast to the ‘vigilance high’ results, the male meerkat showed higher levels
of ‘vigilance low’ behaviour over the day than the female meerkat in both
conditions (Figures 5.1-5.2). In the predictable condition, peaks were shown in
the morning (maximum of .43 in the 11:00 session), with the exception of low
levels in the 10:00 session (.13) (Figure 5.1). Proportions were then fairly
constant throughout the rest of the day, with slightly lower levels in the 15:00,
15:30, 16:00 and 17:30 sessions (.19, .17, .18 and .16 respectively). Similar
patterns were shown in the morning in the unpredictable condition (Figure 5.2)
however proportions were lower in the middle of the day (11:30-15:00), and a

peak of .39 was shown at 16:00 in the unpredictable condition compared to a
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peak of 0.30 at 17:00 in the predictable condition. The female meerkat showed
low levels of ‘vigilance low’ behaviour throughout the day in the predictable
condition (Figure 5.1), with a minimum proportion of 0.03 in the 12:30 and 17:30
sessions, with .04 in the 10:00 session. There was a slight peak of .11 in the
15:00 session. More constant proportions of ‘vigilance low’ were shown
throughout the day for the female meerkat in the predictable condition compared
to the unpredictable condition, where levels dropped to .03 at 14:00 and then
rose to .13 at 15:30 (Figure 5.2).
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Chapter 5. Meerkat Study

The male meerkat showed lower proportions of sentry behaviour throughout the
day than the female meerkat in both conditions, particularly in the morning up to
10:30 (Figures 5.3-5.4). In the predictable condition, a peak of .18 was shown in
the 10:30 session, and relatively constant and lower proportions of sentry
behaviour were shown for the rest of the afternoon. Again, a lower proportion of
this vigilance behaviour was shown at 10:00 for both meerkats (male = .06,
female = .24). The female meerkat showed a similar pattern of sentry behaviour
throughout the day, to the male meerkat, but at higher levels (Figure 5.3). A peak
of .49 was shown at 09:30 with minimum values of .08 in the 12:30 and 17:30
sessions. Sentry behaviour showed similar patterns throughout the day in both
conditions for both meerkats, with the exception that afternoon peak proportions
of .12 (male) and .21 (female) were shown in the unpredictable condition at 16:30

and 16:00 respectively, but not in the predictable condition (Figure 5.4).

Despite differences in the proportions of the different vigilance behaviours shown
by the male and female meerkats, both meerkats showed a similar level of ‘all
vigilance’ behaviours, both to each other, and across conditions (Figures 5.3-5.4).
Both conditions showed high levels of ‘all vigilance’ in the morning (maximum
.70), although slightly higher levels were then shown between 12:30 and 13:30 in
the predictable condition compared to the unpredictable condition. Again, lower
proportions of vigilance behaviours were shown by both meerkats in the 10:00
session, in both conditions. Both conditions resulted in a peak of ‘all vigilance’ in
the afternoon, however this was shown slightly later in the predictable condition
(16:30) than in the unpredictable condition (16:00).
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feed time, grey dashed line shows the morning feed time. n = either 15 or
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1.00
0.90
0.80
0.70
0.60
0.50
0.40
0.30
0.20
0.10
0.00

Proportion

a)

1.00
0.90
0.80
0.70
0.60
0.50
0.40
0.30
0.20
0.10
0.00

Proportion

b)

Unpredictable feeding condition

Sentry
T H Male
: j I I I l Female
: TI 11r ijji__i_L

R I IS A X R N N S N T RN
S P LS DSBS P RSP RS S
SRR AR RIS AN AN AN AN SN S EN AN NN

Session time

All vigilance behaviour

m Male

Female

O X P P D P PO P A PP P DL PN
")QQQ')) N ’5\/0\/”),»0,1’“)0’0,’;’) N ’5%0%%@0'&")';\0';\’5

TS S NN NN S Nl

Session time

Figure 5.4: Mean (+/- SE) proportion of scans in 30min sessions throughout

the day,
behavio
feeding

where meerkats were observed in a) ‘Sentry’ and b) ‘All vigilance’
urs (vigilance high + vigilance low + sentry) in the unpredictable
condition. Dotted line shows the time that would become the set

afternoon feed time, dashed line shows the morning feed time. n = either 5
or 6 for each data point.



Chapter 5. Meerkat Study

Both meerkats showed a similar pattern of foraging/investigating behaviour
throughout the day, with the male meerkat showing slightly higher levels of the
behaviour (Figures 5.5-5.6). Lower levels of foraging were shown in the morning
by both meerkats in both conditions (<.21), with the exception of the 10:00
session where foraging increased to 0.32 and 0.28 (male and female
respectively) in the predictable condition, and 0.30 (male only) in the
unpredictable condition. Foraging levels remained more constant throughout the
afternoon in the predictable condition, with more varied proportions in the
unpredictable condition. A peak in foraging was shown at 11:30 in both
conditions, however this peak was lower in the predictable condition (0.37, male
and 0.32, female) compared to the unpredictable condition (.49, male and .39,
female). A peak of foraging was shown at 15:30 in the predictable condition (.39,
male and .37, female), which was only demonstrated for the male in the

unpredictable condition (.36).

Feeding behaviour was observed at very low proportions over most of the day for
both meerkats, in both feeding conditions. However both animals showed peaks
in feeding in the predictable condition in the 10:00 and 15:30, post feed sessions
(Figure 5.5). In the unpredictable condition, a peak at 10:00 was shown for the

male meerkat only (Figure 5.6).
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Figure 5.5: Mean (+/- SE) proportion of scans in 30min sessions
throughout the day, where meerkats were observed in a) Foraging and b)
Feeding behaviour in the predictable feeding condition. Black dotted line
shows the set afternoon feed time, grey dashed line shows the morning
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Locomotion was observed at fairly low proportions in the predictable condition,
but both meerkats showed an increase over time from the morning to the middle
of the day, followed by a decrease to the end of the day. Peaks in locomotion
were shown at 14:00 (0.11) and 12:30 (0.16) for the male and female respectively
(Figure 5.7). Similar patterns and proportions of locomotion behaviour were
shown throughout the day in both conditions (Figures 5.7-5.8), with slightly lower
proportions of locomotion at the end of the day (16:00-17:30) in the predictable

condition.

Similar proportions and patterns of ‘not visible’ were shown throughout the day
for both meerkats and for both feeding conditions. Proportions of ‘not visible’
were lowest during the morning and late afternoon, with peaks in the middle and
end of the day. Higher proportions of ‘not visible’ were shown in the predictable
condition from 14:00 onwards than in the unpredictable condition (Figures 5.7-
5.8).

Resting, self maintenance, social, agonistic and enrichment-directed behaviours
were shown at very low proportions with no obvious trends throughout the day

and hence are not presented here.
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5.3.3. Patterns of event behaviour (standing) and busyness throughout the

day in the predictable condition

There was an increase in the rate of standing during the early morning from
08:30 (0.07 stands/min) to a peak at 10:08 (1.1 stands/min) during the
predictable condition (Figure 5.9). This comprised the period leading up to the
morning feed. The rate of standing then dropped to 0.07 at 10:14, then rose
again to a peak of 1.2 stands/min at 10:57. A third, but less well defined increase
in standing events was shown from approximately 15:12 to 15:36, where the rate
of standing rose from 0.11 to 0.69 stands per minute, with another peak of 0.73
stands per minute at 15:55. However, as shown in Figure 5.10, when data are
removed that were collected when staff were present, this trend of increase
around 15:30 is no longer shown and the trends in the morning are much
reduced. This is also demonstrated in Figure 5.11 which plots the mean number
of standing events in each of the 30 minutes leading up to feeding in the
afternoon, with keeper present data removed; there is no trend to suggest an

increase in the number of standing events leading up to the feeding time.
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Mean busyness ratings showed some patterns throughout the day in the
predictable feeding condition (Figure 5.12). For example, busyness increased
during the early morning to a peak of 3.93 at 10:07, followed by a decrease to
2.53 at 10:31. For the rest of the day, busyness showed a gradual, but
fluctuating decrease to 1.93 at 17:59. Fluctuations of busyness during this time
were fairly regular and low, with a maximum difference between adjacent minutes
of 0.98. A second peak of mean busyness was shown at 15:29 (3.69), with a
preceeding increase in busyness from 1.94 at 15:08. However, it was only at
15:28 that busyness rose above the general fluctuating level of busyness as
shown over the rest of the day. Figure 5.13 demonstrates that when the
busyness scores are plotted for only the observation minutes in which keepers
were not present at the enclosure, whilst the peak of mean busyness in the
morning remains, the afternoon peak in busyness is now shown at 15:45 (3.46)
and there is no clear increase in mean busyness in the period prior to the set
feeding time, discernible from the general fluctuation of busyness. Busyness
increased after the feeding time to the peak of 3.46 at 15:45, followed by a

decrease in mean busyness to 1.81 at 16:25.
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5.3.4. Comparison of pre-feed 30-minute observation sessions across all
days of observation

Proportions of scans of state behaviours in the 30 mins prior to the feeding time
showed great variation over each day of observation, with few behaviours
showing consistent levels over several days (Figure 5.14). There was no clear
trend across all days of observation for ‘vigilance high’ (male), ‘vigilance low’
(male and female), and locomotion (male and female), with days of high
proportions of these behaviours interspersed with days of low proportions.

Other behaviours generally showed no trend across the days of observation but
with a few days of high proportions. For example, the female meerkat showed
higher proportions of ‘vigilance high’ behaviour between days 29 and 33 of the
predictable condition, compared to the previous observation days. The male
meerkat showed higher proportions of sentry behaviour after day 26 of the
predictable condition and also in the unpredictable condition (pre-split) but
observation days varied in the proportion of sentry behaviours from .00 on some
days to a maximum of .37 on day 33 of the predictable condition. The female
meerkat showed less variation in sentry behaviour in the last 6 days of the study,
with proportions mostly above .13, with a maximum of .37. Higher percentages
of ‘all vigilance’ behaviour were shown in the 4 days from day 30 of the
predictable condition for the male meerkat, and between days 29-33 of the
predictable feeding condition for the female meerkat. No obvious trends in
foraging behaviour were shown for either meerkat, with the exception of lower
percentages in the unpredictable condition, prior to the split of the group, and
between days 29 (28 for the male) and 33 of the predictable condition (Figure
5.14).
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Results of the randomisation analysis revealed no significant difference in any
state behaviour in the 30 minute period prior to feeding in the predictable
condition compared with the unpredictable condition for the two meerkats (p >.05)
(see Table 5.3).

Table 5.3. Descriptive data giving the mean proportion and standard error of each state
behaviour for both meerkats in the pre-feeding 30 minutes in the predictable and

unpredictable feeding conditions, plus results of the randomisation analysis (Design 3)
(Todman & Dugard, 2001)

Predictable Unpredictable Count of
arrangement
statistics as

Mean E Mean SE Test least as large p

proportion proportion statistic in abs value

as abs (test)
Sentry 0.10 0.01 0.09 0.02 0.02 1757 >.05
Foraging 0.23 0.02 0.24 0.03 0.02 1832 >.05
Feeding 0.02 0.00 0.01 0.00 0.02 1025 >.05
Locomotion 0.08 0.01 0.11 0.01 -0.07 369 >.05
Not Visible 0.22 0.03 0.25 0.04 -0.06 1712 >.05

5.3.5. Variation of feeding around the set time

There was no significant difference in ‘all vigilance’ behaviour for both meerkats
in the 30 mins prior to feeding when scheduled, predictable feeding was early
(minus 2-10mins), on time (plus or minus 1 minute) or late (plus 2-10 or over 10
minutes) (p >.05) (Figures 5.15-5.16).

Table 5.4. Descriptive data giving the mean proportions of ‘all vigilance’ behaviour in the

pre-feed 30 mins in the predictable condition for both meerkats, as grouped into
cat