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About this book

The purpose of Conservation Evidence synopses

Conservation Evidence synopsks

Conservation Evidence synopsiEsnot

1 Bring together scientific evidence i
captured by the Conservation
Evidence project (oves,400 studies
so far) on the effects of intervention
to conserve biodiversity

9 List all realistic interventions for the
species group or habitat in question
regardless of how orch evidence for
their effects is available

71 Describe each piece of evidence, |

Include evidence on the basic
ecology of species or habitats, or
threats to them

Make any attempt to weight or
prioritize interventions according to
their importance or the size of their
effects

Weight or numerically evaluate the

including methods, as clearly as
possible, allowing readers &ssess
the quality of evidence

evidence according to its quality

Providerecommendations for
conservation problemsutinstead
provide scientific information to helg
with decisionmaking

1 Work in partnership with 1
conservation practitioners,
policymakers and scientists to
develop the list of interventions and
ensure we have covered the most
important literature

Who is this synopsis for?

If you are reading this, we hope you are someone who has to make decisions about
how best to support or conserve biodiversity. You might beza keeper a
conservationist in the public or private sector, a farmer, a campaigner, an advisor or
consultant, a policymaker, a researcher or someone taking action to protect your
own local wildlie. Our synopses summagi scientific evidence relevant to your
conservation objectives and the actions you could take to achieve them.

We do not aim to make your decisions for you, but to support your decision
making by telling you what evidence thereds2 NJ A &y QG 0 | 0 2 dzi
planned actions could have.

When decisions have to be made with particularly important consequences, we
recommend carrying out a systematic review, as the latter is likely to be more
comprehensive than the summary e¥idence presented here. Guidance on how to
carry out systematic reviews can be found from the Centre for EvidBased
Conservation at the University 8angor(www.cebc.bangor.ac.9k

iKS
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http://www.cebc.bangor.ac.uk/

The Conservation Evidengeoject

The Conservation Evidence project fiasr parts:

1) An online,open access journalConservation Evidenddat publishes new
pieces of research on the effects of conservation management interventions. All our
papers are written by, or in conjunoth with, those who carried out the
conservation work and include some monitoring of its effects.

2) An everexpandingdatabase of summarie®f previously published scientific
papers, reports, reviews or systematic reviews that document the effects of
interventions.

3) Synopsesf the evidence captured in parts one and two on particular species
groups or habitats. Synopses bring together the evidence for each possible
intervention. They are freely available online and available to purchase in printed
book fam.

4) What Works in Conservations an assessment othe effectivenessof
interventionsby expert panelsbased on theollated evidence for each intervention
for each species group or habitadvered by our synopse

These resorces currently comprise ev 5,400 pieces of evidence, all available in
a searchablelatabase on the website www.conservationevidence.com.

Alongside this project, the Centre for Evider@@sed Conservation
(www.cebc.bangor.ac.uk) and the Collaboration for Environmental Evidence
(www.environmentalevidence.o)jgcarry out and compile systematic reviews of
evidence on the effectiveness of particular conservation interventiofisese
systematic reviews are included on the Conservation Evidence database.

Of the29interventionsto increa® natural feedindehavioursn primates, 38
interventionsto enhance lbeedingin amphibiandn captivityand29to promote
health and welfare in captive carnivores (Felids, Canids asids)ithrough feeding
practicesidentified in this synopsisionearethe subjectof specific systematic
reviews.

Scope of thisynopsis

This synopsis covers evidence for the effects of conservationrverigons to
increase natural feeding behaviours in primates achieve succeful breeding of
amphibiansin captivity and to promote health and welfare in captive carnivores
(Felids, Canids and $ids) through feeding practices

BEvidence fromall around the worldn a captive settings included Anyapparent
bias towards evidence frormome regions reflects the current b&ss in published
research papers available to Conservation Evidence.

Husbandryvsconservation of species

This synopsis includes evidence from the substantial literature on husbandry of
captive primatesand carnivoresand not from observations or intervewoins in wild
groups.Observations of wild animals were not included unless human intervention
was measuredlt also includegvidence on captive amphibian husbandry, but only if
the husbandry intervention is used to promote successful breeding. Observhtiona
descriptive literature was not used unless human magntion was measured.
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How we decided which conservation interventions to include

Lists of interventionsfor each topicwere developed and greed in partnership with
Advisory Boarsl made up of intenational conservationists and academics with
expertise inthe conservationof each specific group of specied/e have tried to
include all actions that have been carried out or advifedeach topic covered in
this synopsis

The list of interventiondor each topic was orgarged into categories basedm
the type of intervention used

1 Primate feeding food presentation, diet manipulation, feeding schedule and
social group manipulation.

1 Amphibian breeding refining techniques using less threatened spsci
changing envonmental conditions/ microclimate, changing enclosure design
for spawning or egg laying sites, manipulating social conditions, changing the
diet of adults and manigating rearing conditions for young

1 Carnivore feeding diet and feed tpe, food presentation and enrichment,
feeding schedule and social feeding.

How we reviewed the literature

In addition to evidence already captured by the Conservation Evidence project, we
have searched the following sources for evideralating tocaptivite management

Primate feeding:
1 Two specialisprimate journals, from their first publication to the end 8015
(American Journal of Primatologyd InternationalJournal of Primatology
1 Sx generalzoo conservation animal behaviour and animal welfajeurnals
over the same time period Zoo Biology, Journal or Zoo and Aquarium
Research, International Zoo Yearbook, Applied Animal Behaviour Science,
Animal Welfareand Journal of Applied Animal Welfare Scignce

Amphibian breeding:

1 Eighteen specialist apmibian journals had already been searched for the
Amphibian Conservation synopsis (Smith & Sutherland 2014), from their first
publication to the end of 2012, these searsheere updatedo May 2016
for additional relevant articles Acta Herpetologica, Afran Journal of
Herpetology, Amphibian and Reptile Conservation, Amplbiatilia,
Applied Hepetology, Australasian Journal of Herpetology, Bulletin of the
Herpetological Society of Japan, Contemporary Herpetology, Copeia, Current
Herpetology, Herpetologa, Herpetological Bulletin, Herpetological
Conservation and Bimgy, Herpetological Journal, Herpetological
Monographs, Journal of Hesfwlogy, Russian Journal of Herpetology and
South American Journal of Hetplogy). One additional specialist journal
was also searched for this synop$Sslamandra

1 Thirty general conservation journals hatso been searchedo the end of
2012for the Amphibian Conservation sypsis (Smith & Sutherland 2014).

91 A further four journals related to captive animal managemeste searched
to May 2016to add to the evidence for this synopsidnfmal Welfare,
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Journal of Zoo & Aquarium Researdburnal of Applied Animal Welfare
SciencandZoo Biology.

Carnivore feeding:
1 Six general zoo conservation, animal behaviour and dnime#fare journals
over the same time period Zoo Biology, Journal or Zoo and Aquarium
Research, International Zoo Yearbook, Applied Animal Behaviour Science,
Animal Welfareand Journal of Applied Animal Welfare Scignce

Evidence published in othesiiguages was includedvhen it was identified.

The criteria for inclusion of studies in the Conservation Evidence database are as
follows:
1 There must have been an interventiotarried outthat conservationists
would da
1 Theeffectsof the interventionmust hare been monitored quantitatively

These criteria exclude studies examining the effects of specific interventions
without actually doing them. For exampleredictive modelling studiesstudies
looking at providinggumand the effects on foragingrimateswithout a control and
not in captivity and studies describing how amphibians breed (observational studies)
were excludedSuch studies can suggest that an intervention could be effective, but
do not provide direct evidence of a causal relationship betweenintervention and
the observecdeffect.

Altogether25 studiesfor primate feeding,18 studies for amphibian breediramnd
42 studies for carnivore feedingere allocated to interventions they tested.

How the evidence isummarzed

Within Conservation HEdence synopses,oaservation interventions are grouped
primarily according to the relevant direct threats, as defined in lHE€NUnified
Classification of Direct Threats (http://www.iucnredlist.org/technicat
documents/classificatiolschemes/threatsclas#ication-schema.

However sme important interventionssuch agxsitu conservationcan be used
in response to many different threats, and it would not make sense to split studies
up depending on the specific threat they were studyifigese interventios are
grouped F2tt206Ay 3 0KS L!/ bQa [ £ aaAFAOFGA
(http://www.iucnredlist.org/technicaldocuments/classification
schemes/conservaticactionsclassiftation-schemever2). The actionwe have
separated ouis: SpeciedMlanagementExsitu Conservation

Normally, no interventioror piece of evidencés listed in more than one place,
and when there is ambiguity about where a particular intervention should fall there
is clear crosseferencing. Some studies describe the effects of midtip
interventions. Where a study has not separated out the effects of different
interventions, the study included in the section on each intervention, but the fact
that several interventions were used is made clear.
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In the text of each section, studieseapresented in chronological order, so the
most recent evidence is presented at the end. The summary text at the start of each
section groups studies according to their findings.

At the start of each chapter, a serieslady messagegprovides a rapid overew
of the evidence. These messages are condensed from the summary text for each
intervention.

Background information is provided where we feel recent knowledge is required
to interpret the evidence. This is presented separately and relevant references
included in the reference list at the end of edadackgroundsection.

The information in ths synopsis is available imrée ways:

1 As a pdf to download fromww.conservationevidence.com
1 As text for individual interventions on the searchable database at
www.conservationevidence.com
1 Asa chapter in the publicationWhat Works in Conservatipmwhich is
available as a pdf and book Suytherland et al 2038:
https://www.openbookpublishers.com/product/696

Termimology used to describe evidence

Unlike systematic reviews of particular conservation questions, we do not

quantitatively assess the evidence or weight it according to quafitiyin synopses

However, to allow you to interpret evidence, we make the sizé design of each

trial we report clear. The table below defines the terms that we have used to do this.
The strongest evidence comes freandomized, replicated, controlled trials with

pairedsites and before and after monitoring.

Term Meaning

Site compaison | A study that considers the effects of interventions by compar
sites that have historically had different interventions or level
of intervention.

Replicated The intervention was repeated on more than one individual c
site. In conservation andcelogy, the number of replicates is
much smaller than it would be for medical trials (when
thousands of individuals are often tested). If the replicates ar
sites, pragmatism dictates that between five and ten replicate
is a reasonable amount of replicai, although more would be
preferable. We provide the number of replicates wherever
L1)23aA0fSYT YR RSaAaONAROGS | NB
of replicates is small relative to similar studies of its kindhe
case oftranslocations or releasef animals replicates should be
sites, not individuals.

Controlled Individuals or sites treated with the intervention are compare
with control individuals or sites not treated with the
intervention.
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Paired sites Sites are considered in pairshanone was treated with the
intervention and the other was not. Pairs of sites are selectec
with similar environmental conditions, such as soil type or
surrounding landscape. This approach aims to reduce
environmental variation and make it easier to detect aetr
effect of the intervention.

Randomgeed The intervention was allocated randomly to individuals or site
This means that the initial condition of those given the
intervention is less likely to bias the outcome.

Before-and-after | Monitoring of efects was carried out before and after the
trial intervention was imposed.

Review A conventional review of literature. Generally, these have no
used an agreed search protocol or quantitative assessments
the evidence.

Systematic A systematic revieviollows an agreed set of methods for
review ARSY(GAFTeAy3d addzRASa I-yRFO: &
will weight or evaluate studies according to the strength of
evidence they offer, based on the size of each study and the
rigour of its design. All emanmental systematic reviews are
available atwww.environmentalevidence.org/index.htm

Study If none of theabove apply, for example a study looking at the
number of people that were engagea an awareness raising
project.

Taxonomy

Taxonomyhas not been updated butasfollowed that used in the original paper.
Where possible,anmon names and Latin names are bafiken the first time each
species is mentioned within easlynopsis

Habitats

Within this synopsis, ainterventionswere carried out in captivity i.e. il NI A FA OA I f
habitatsQ

Significant results

Throughoutthe synopsis we have quoted results from papers. Unless specifically
stated, these results reflect statistical tests merhed on the results.
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Multiple interventions

Some studies investigaté several interventions at once. When the effects of
different interventions are separated, then the results are discussed separately in
the relevant sections. However, often the effecfsmultiple interventions cannot be
separated. When this is the case, the study is included in the section on each
intervention, but the fact that several interventions were usediade clear.

Where no evidence was found

A~ > oA

¢tKS LIKNIasS Wbz BBRRIPOS (KISE SOFQDdza 2F X DD
interventions indicates that we were unable to present any evidence for their
effectiveness. This was because either no research was found during our searches

testing these interventions, or previous work did noteet the criteria for this

synopsis, i.e. interventions were not tested directly and quantitatively, or results may

not have been reported or made publicly available. This does not mean that these
interventions are not effective and should not be usedsimply highlights the need

for robust monitoring and publishing of results in these areas to ensure that future
conservation #orts will be appropriate and effective. A small number of articles

could not be accessed by the authors and thus are not pitesein this synopsis.

How you can help to change conservation practice

If you know ofrelevantevidence that is not included in this synopsis, we invite you
to contact us, vieour website www.conservationevidereecom If you have new,
unpublished evidence, you can submit a paper to @enservation Evidengeurnal
http://conservationevidence.com/collection/viewWe particularly welcome papers
subnitted by conservation practitioners.
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1. Species management: EXtu conservatiorg Increasing
natural feeding behaviours in primates in captivity

Author: Coral Jonas

Background

Primates in captivity may not be able to express certain behaviours, such as
foraging for food, and may even lose them over time. It is a particular concern
that they will lose the behaviours that are necessary for them to survive and find
food in the wild. The loss of these innate behaviours could seriously reduce the
conservation dforts made by zoos, wherehe possibility of eventually releasing
primates back into their natural environment needs to be maintained For
example the method that black and white ruffed lemurs,Varecia cariegata
cariegata, use to gain much of their foodn the wild, by suspending themselves
upside down by their feet, and using their hands and mouths to gather up the
food, was observed to be seriously reduced in captivity, because many were fed
on the ground from dishes (Britt 1998). Therefore efforts shold be made by
zoos to encourage the use of natural feeding postures in captivity as shown by
animals in the wild.

Britt, A. (1998) Encouraging natural feeding behaviour in captive bred black and white ruffed
lemurs (Varecia variegate \) Zoo Biology 17,379-92.

Key message s 0 Food Presentation

Scatter food throughout enclosure

Four studies, including one replicated study, in the USA, found that scattering food
throughout enclosures increased overall activity, feeding and exploration and
decreased abnormdehaviours and aggression.

Hide food in containers (including boxes and bags)

Three studies including twiefore-and-after studies in the USA and Ireland found
that the addition of food in boxes, baskets or tubes increased activity levels in lemurs
andforaging levels in gibbons.

Present food in puzzle feeders

Three studies including two befowmnd-after studies in the USA and UK found that
presenting food in puzzle feeders, increased foraging behaviour, time spent feeding
and tool use but also aggressio

Present food which required the use (or modification) of tools

No evidence was captured for the effects of presenting food which required the use
(or modification) of tools.

Present food in water (including dishes and ponds)

One replicated, befor@and-after study in the USA found that when exposed to water
filled troughs, rhesus monkeys were more active and increased their use of tools.
Present food frozen as ice

Two studies in the USA and Ireland found that when frozen food was presented,
feeding tine increase and inactivity decreased.
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Present food dipped in food colouring

One beforeand-after study in the USA found that when food was presented after
being dipped in food colouring, orangutans ate more and spent less time feeding.
Present food iters whole instead of processed

One beforeand-after study in the USA found that when food items were presented
whole instead of chopped feeding time increased in macaques.

Present feeds at different crowd levels

One beforeand-after study in the USA found @b when smaller crowds were

present foraging and object use in chimpanzees increased.

Paint gum solutions on rough bark

No evidence was captured for the effects of painting gum solutions on rough bark.
Add gum solutions to drilled hollow feeders

No evidere was captured for the effects of adding gum solution to drilled hollow
feeders

Plant natural food plants in enclosures

One replicated, befor@and-after study in the USA reported that chimpanzees spent
more time foraging when provided with planted rye gsaand scattered sunflower
seeds compared to browse and grass added to the enclosure with their normal diet.
Maximise both vertical and horizontal presentation locations

One replicated, befor@and-after study in the UK reportethat when vertical and
horizontal food locations were increased feeding time increagate controlled

study in the UK and Madagascar found that less time was spent feeding on
provisioned food in the indoor enclosuvéhen food was hung in trees in an outdoor
enclosure

Key m essages 0 Diet manipulation

Formulate diet to reflect nutritional composition of wild foods (including removal
of domestic fruits)

Two replicatedbefore-and-after studies irthe USAand UK found that when
changing the diet to reflect nutritional compositions olldvMfoods,there wasa
decrease in regurgitation and reingestion, aggression anetigelfted behaviours.
Provide gum (including artificial gum)

No evidence was captured for the effects of providing gum (including artificial gum)
Provide nectar (includig artificial nectar)

No evidence was captured for the effects of providing nectar (including artificial
nectar)

Provide cut branches (browse)

One replicated, befor@and-after study in the Netherlands and Germany found that
captive gorillas when presenteditiv stinging nettles use the same processing skills
as wild gorillas to forage.

Provide live invertebrates

One beforeand-after study in the UK found that providing live invertebrates to
captive loris increased foraging levels and reduced inactivity.

Provide herbs or other plants for selhedication

No evidence was captured for the effects of providing herbs or other plants fer self
medication.
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Provide fresh produce

One replicated, befor@and-after studyin the USAound that when fresh produce
was offged feeding time increased and inactivity decreased in rhesus macaques.
Modify ingredients/nutrient composition seasonally (not daily) to reflect natural
variability

No evidence was captured for the effects of modifying ingredients/nutritional
compositionseasonally (not daily) to reflect natural variability.

Key m essages 0O Feeding Schedule

Change the number of feeds per day

Two beforeand-after studies in Japan and the USA found that changing the number
of feeds per day increased time spent feedinghimpanzees but also increased hair
eating in baboons.

Change feeding times

One controlled study in the USA found that changing feeding times decreased
inactivity and abnormal behaviours in chimpanzees.

Provide food at natural (wild) feeding times

No evidaice was captured for the effects of providing food at natural (wild) feeding
times.

Provide access to food at all times (day and night)

No evidence was captured for the effects of providing access to food at all times (day
and night).

Use of automated feders

No evidence was captured for the effects of the use of automated feeders.

Key m essages 0 Social group manipulation

Feed individuals separately

No evidence was captured for the effects of feeding individuals separately.

Feed individuals in social gr@s

One replicated, controlled study in the USA reportledt the time monkeys spent
completing an enrichment taskcreasedn social groups than when feeding alone.
One beforeand-after study in Italy found that capuchins ate more unfamiliar foods
duringthe first encounter in the presence of their groupmates.

Feed individuals in subgroups

No evidence was captured for the effects of feeding individuals in subgroups.

Species Management: Food Presentation

1.1. Scatter food throughout enclosure

1 Tworeplicatedeforeandafterand one befeamdafter stugin the USA found that
scattering food throughout the enclosure increased feeding and exploratory behaviours
in rhesus macaqgtiaad reduced abnormal behavipangmpaees' and
aggressiolemursg
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1 Onebdoreandafterstudy in the USund that when food was scattered throughout
the enclosure more foraging was seen and activity levels increased in gorillas.

Background

More natural foraging conditions can be stimulated by scattering food
throughout enclosures and hiding food in materials covering the flooring (e.g.
straw) instead of in bowls or trays. The aim is to increase the amount of time that
primates are active in captivity.

A replicated, beforeand-after study in 1991 in the USA (] found that addng
woodchips, into which sunflower seeds were scatteredn enclosures of rhesus
macaquesMacaca mulattaincreased feeding and exploration activities compared
to food thrown onto the bare floors. When food was thrown onto the bare floors,
foraging time ranged between 1% and 7% of the total time in comparison to 35%
when sunflower seeds were scattered in woodchips over the floor. Two groups of
rhesus macaques (n=15) were housed continually in bare tiled enclosures with
food thrown onto the floor. Woodchipsand sunflower seeds were then scattered
over the floors of both enclosures for four weeks. Each animal was observed for
10 minutes twice each week between 09:00 h and 10:00 h and between 13:00 h
and 14:00 h over nine months.

A replicated, beforeand-after study in 1996 in Atlanta, USA(2) found that
adding straw, into which food was scattered, reduced abnormal behaviours in
laboratory-housed chimpanzeesPan troglodytescompared to bare floors with
food presented in one placeThe average abnormal behaviounbservations were
reduced from 10% when food was presented in one place to 4% when it was
scattered. Repeated eating of regurgitated food was reduced from 5% to 1% and
other abnormal oral behaviours from 4% to 1%. Nororal abnormal behaviours
were not reduced. No evidence of habituation was found over nine weeks.
Chimpanzees were housed in five enclosures in groups of two or three. Two cups
of mixed seeds and nuts were scattered in the straw of each of the enclosures
twice daily. For each chimpanzee (n = )3 behaviour was recorded every 15
seconds over five minutes/day. Observations were carried out on 60 occasions
(total of five hours) over three months both during the control and when food
was scattered.

A before-and-after study in 1994 in Georgia, USA3] found that spreading
food over a wider area reduced rates of aggression towards males from female
ring tailed lemurs Lemur cattacompared to when food was provided in a small
area. When food was dispersed within a one metre radius, feeding males
submitted to female aggression 42 times, within a two metre radius they
submitted 38 times and within a four metre radius they submitted 19 times. Feed
was scattered in a circular area to simulate a two dimensional food patch. Food
patches with a radius of 1, 2and 4m were created. All aggressive behaviours
were recorded in nine adults and two infant lemurs from when the food was
given to the end of the grou feeding session. Each radius length was tested
eight times, during different feeding times.

A before-and-after study in 2009 in the USA 4) found that when food was
scattered throughout enclosures, western lowland gorillasGorilla gorilla gorilla
foraged more and increased their levels of activity compared to when food was
offered in one area only. Foragig increased from five minutes (out of 30) when
food was offered in one area to 11 minutes when food was thrown into the
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yard and 20 minutes when hay and forage filled feeders werguspended from a
climbing structure. Inactivity was reduced from 23 minutes (out of 30) to 15
minutes in the yard toss, five minutes when food was scattered and four minutes
when feeders were used. Behaviour of all six individuals housed in the same
enclosure was observed every minute for 30 minutes before and after each

treatment for five days.

(1) Byrne G.D. & Suomi §1P91) Effects of woodchips and buried foodbehaviourpatterns and
psychological webbeing of captive rhesus monkeysnerican Journaf Primatology23, 141151

(2) Baker K. (1997) Straw and forage material ameliorate abnbehaliourdn adult chimpanzees.
Zoo Biologyl6, 225236.

(3) White F., Overdorff D., Keittucas T., Rasmussen M., Kallam W & Forward Z. (2007) Female
dominance and feding priority in a prosimian primate: experimental manipulation of feeding
competition.American Journal of Primatolo@®, 295304.

(4) Ryan E. (2012) The effect of feeding enrichment methods dveti@viourof captive Western
lowland gorillasZoo Biology31, 235241.

1.2. Hide food in containers (including boxes and bags)

1 Twobeforeandafter studies in the U&Ad Ireladdound that the addition of
browse to food in boxes, baskets or tubes increased activity levels and foraging
behaviours in lemurs anolomb.

Background

This intervention involves using boxesor bags to hide daily meals given to
monkeys. This would normally be put in bowls or scattered within an enclosure,
but instead it is put within a box or bag hidden within browse, with the aimof
increasing foraging behaviouran individual monkeys.

A before-and-after study in 2005z2006 in the USA (1) found that adding
browse to hide food in boxes significantly raised activity levels in ring tailed
lemurs Lemur cattacompared to when browse was preseted on the floor of the
enclosure along with food presented at a regular feeding station. Adding browse
to food in boxes more than doubled (to 79%) the percentage of observation
periods when at least one lemur was active. It also increased the percentagie
active behaviours during that period from 4% of observations to 13% of
observations. Spatially separating the four boxes reduced the amount of food
that lemurs stole from other animals in the mixed enclosure by half (0.2% of
observations to 0.1% of obsevations). The lemurs were presented with four
treatments: food was added to four open boxes placed together and browse
scattered on the floor of the enclosure; food scattered in the browse and added to
boxes placed together; food added to boxes placed apand browse scattered
on the floor; food scattered in the browse and added to boxes placed apart. A
group of eight lemurs, living in a mixed enclosure with hyrax and porcupine,
were scanned every 60 seconds for two hourper day over six days and
behaviours recorded. Boxes were given to the lemurs every day, with a different
treatment given each day.

A before-and-after study in 2009 in Ireland (2) found that when food was
presented in food filled baskets or presented in tubes foraging of moloch gibbons
Hylobates molochincreased and time spent outside the indoor enclosure

22

x EAT



increased compared to when fresh fruit and vegetables were presented in one
place. With the food filled baskets ggnificantly more instances of being outside
and number of times gibbonswere seen foraging were recorded when food filled
baskets were presented (times outside: 106; times foraging: 44) compared to
when fruit and vegetables were offered alone (times outside: 96; times foraging:
20). With the tubes sgnificantly more instancesof being outside andthe number
of times gibbons were seen foraging were recorded when food filled tubes were
presented (times outside: 112; times foraging: 43) compared to when fruit and
vegetables were offered alone (times outside: 96; times foraging: 20A group of
gibbons was presented with food inbaskets or tubes for five days, with three
baskets ortubes suspended within the animal exhibit each time. Thgibbonso
behaviour was recorded every five minutes for five hours per day for 12 days.

(1) bishman 0., Thomson D.M. & Kamovsky {2009) Does simple feeding enrichment raise activity
levels of captive ring tailed lemutse(mur cattd? Applied Animal Behaviour Scierkis, 8895.

(2) Wells D.L. & Irwin R.M. (2009) The effect of feeding enrichment ondleeh gibbonHylobates
moloch. Journal of Applied Animal Welfare Scieh2e2129.

1.3. Present food in puzzle feeders

1 Two beforandafter studies in the U&Ad the UKound that the use of puzzle
f e e diexneaded food sharingreased foraging ééburand the use of tools
but also aggression.

1 Onereplicatedbeforandafterstug/in the USHound that the use of puzzle feeders
increased time spent feeding and less time inactive.

Background

Puzzle feeders are seen as a form of enrichment neake more natural and more
rewarding ways to provide food to captive animals. The aim is to make the
puzzle both mentally and physically challenging to increase their activity and
foraging time.

A before-and-after study in 1992 in the UK (1) found that presenting food in
puzzle feeders increased foraging behaviour and the use of tools in chimpanzees
Pan troglodytes gorillas Gorilla gorilla gorilla, and orangutansPongo pygmaeus
pygmaeuscompared to food being placed in the enclosures. The percentage feed
orientated behaviour, including tool use increased from 2% when food was
placed in the enclosure to 30% when a puzzle feeder was introduced to
orangutans, 2% to 20% for gorillas and 3% to 30% for chimpanzees. An open
ended 3 m length of 15 cm diameter phtic drain pipe, attached horizontally to
the outside of the enclosure weldmesh, was used with each group of apes (four
gorillas, seven chimpanzees and two orangutans) studied for 12 twloour trials
with food placed into the enclosure and 12 twehour trials with food in the
feeder.

A replicated, beforeand-after study in 1996 in the USA (2 found that when
artificial turf foraging mats and acrylic puzzle feeders were provided separately
to rhesus macaquedMacaca mulattamore time was spent feeding and lessme
inactive than when pellets were fed. Using the artificial turf mats the time spent
feeding increased from 14 minutes/hour when pellets were fed to 20
minutes/hour when artificial turf mats were provided. Inactivity was lower with
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artificial turf mats (two minutes/hour) than when just pellets were provided
(five minutes/hour). When given the acrylic puzzle/EA A Atin® §pént feeding
increased from 14 minutes/hour when pellets were fed to 18 minutes/hour
when acrylic puzzle feeders were provided. Inactity was lower with acrylic
puzzle feeders (two minutes/hour) than when just pellets were provided (five
minutes per hour). The individually housed monkeys (n=63) were presented
with mats and puzzle feeders loaded with 20g of seeds or grain every 1.5 hours
during which 15 minutes of animal observations were conducted on all monkeys.
Artificial turf mats and the acrylic puzzle feeders were presented to each monkey
every weekday for six months, with control observations when just pellets were
provided, conduwted for six months between times when enrichment devices
were given.

A before-and-after study in 1998 in the USA §) found that the increased
difficulty level of finding food distributed in puzzle feeders (but not the amount
of food given) decreased foodsharing and increased aggression in golden lion
tamarins Leontopithecus rosaliaThe mean frequency per minute of food sharing
went from 0.25/minute with the simple task to 0.15/minute with the complex
task. The mean frequency of aggressive behaviour wefiom 0.05/minute in the
simple task to 0.15/minute in the complex task. A 15 hole puzzle box containing
grapes behind sliding doors was installed for 40 days. Four, eight or twelve
grapes were given and two difficulty levels established: the animal eithdrad to
reach into a tube to retrieve the grapes (simple) or rummage and rip away a
barrier to retrieve the food (complex). Two observers recorded the monkeys
(n=4) food transfer behaviours and aggression until all grapes were consumed.
(1) Gilloux I, Gurnell & Shepherdson D. (1992) An enrichment device for great Apesal Welfare,

1, 279289.

(2) Schalpiro S. J., Suarez S.A., Porter L.M. & Bloomsmith M.ATHi®@Hects of different types of
feeding enhancements on the behaviour of sifggiged, yearlinghesus macaquesnimal

Welfare 5, 129138.

(3) Rapaport L.G. (1998) Optimal foraging theory predicts effects of environmental enrichment in a

group of adult golden lion tamaringoo Biologyl7, 231244,

1.4. Present food which requires the use (or modification)
of tools

1 No evidence was captured for the effects of presenting food which required the use (or
modification) of tools.

Background

To be classified as a tool, an object must be held in the hand, foot or mouth by the
primate and used to enable him or herto attain an immediate goal (Goodall,
1980), such as acquiring food.

Goodall J (1980) Toclusing in primates and other vertebrates. Advances in the study of
behaviour. New York, Academic Press, 1980, Vol 3, 1839

1.5. Present food in water (including dishes and ponds)

1 One replicated, befangafter study in the UgAind that when esgo tavateffilled
troughsmonkeys were more active and increased their use of tools.
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Background
Food should be presented tgrimates in a way that encourages their natual
food finding behaviour. Introducing new textures stimulates curiosity and
interest, with the aim of increasing their activity and foraging behavioursas well
as their use of tools to extract the food from the water

A replicated, beforeand-after study in 1993 in the USA (1) found that, when
exposed to waterfilled troughs, rhesus monkeysMacaca mulattawere more
active compared to when troughs of water were absent. On average the number
of times exploratory behaviour occurred increased from five, whetthere was no
water trough present, to six when the trough was present, to four once the
trough had been removed in two social groups of monkeys. Water was either
standing or running and was contained in plastic troughs. For each of the two
social groups, lehavioural data was collected for 15 days every five minutes
between the hours of 09:00 h and 10:00 h for each of the tests where no trough
was present, where the trough was present with water and afterwards where no

trough was present again.
(1) Parks K.A. &8ovak M.A(1993) Observations of increased activity and tool use in captive rhesus
monkeys exposed to troughs of watdmerican Journal of Primatolo@g, 1325.

1.6. Present food frozen in ice

1 Two replicated and befomafter studies in the U&Ad Ireind, found that when
food was presentadte, more time was spend foraging and feeding and less time
inactive.

Background

Whole pieces of food can be lightly frozen or frozen within juice and introduced
to primates as a novelty. The food will be of an nexpected temperature and
texture, which will change as the food warmsslowly to ambient temperature.
The aim is to increased activity levels andhore natural foraging behaviours.

A replicated, beforeand-after study in 1996 in the USA (1) found that when
frozen juice was provided to rhesus macaquebacaca mulattamore time was
spent feeding and less time inactive than when pellets were fed. Time spent
feeding increased from 14 minutes/hour when pellets were fed to 24
minutes/hour when frozen juice was ofered. Inactivity was lower with frozen
juice (two minutes/hour) than when just pellets were provided (five
minutes/hour). The monkeys (n=63) received frozen juice presented as a 100m|
block of sugared drink mix; eight different flavours were used. The fr@n juice
was presented to individually housed macaques at intervals of 1.5 hours, during
which 15 minutes of animal observations were conducted on all monkeys.
Frozen juice was presented to each monkey every weekday for six months with
control observations, when just pellets were provided conducted over six
months between times when enrichment devices were given.

A before-and-after study in 2009 in Ireland (2) found that when food was
presented as frozen ice pops foraging of moloch gibbonkylobates moloch
increased and time spent outside the indoor enclosure increased compared to
when fresh fruit and vegetables were presented in one place. Significantly more
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instances of being outside and number of times gibbons were setraging were
recorded when food was presented in ice pops (times outside: 134; times
foraging: 43) compared to when fruit and vegetables were offered alone (times
outside: 96; times foraging: 20). A group of gibbons were presented with ice
pops for five days, with three ice pops suspendedithin the animal exhibit each
time. The gibbon®behaviour was recorded every five minutes for five hours per
day for 12 days.
(1) Schapiro S. J., Suarez S.A., Porter L.M. & Bloomsmith M.A. (1995) The effects of different types of
feeding enhancements on theehaviour of singleaged, yearling rhesus macaquésimal
Welfarg 5, 129138.
(2) Wells D.L. & Irwin R.M. (2009) The effect of feeding enrichment on the moloch gilybairafes
moloch. Journal of Applied Animal Welfare Scieh2e2129.

1.7. Presentfooddi pped in food colouring

1 One beforandafter study in the U8Aind that when food was dipped in food
colouring juvenile and adult orangutans ate more and took less time to consume it.

Background
Changing the colourof food items aims to make the food mae interesting and
appealing to the monkey, stimulating their curiosity and interestand therefore
more natural feeding behaviours
A before-and-after study in 1985 in the USA (1) found that when food was
dipped in food colouring juvenile and adult orangtans Pongo sppate more and
adults took less time to consume the food compared to when food was not
coloured. The time adults spent feeding on chow decreased from 17 minutes
when it was not coloured to 13 minutes when it was coloured. Juveniles
averaged X2 pieces of plain chow daily, which increased to 3 coloured pieces,
xEET A OEA AAOI 0068 AAEI U Ail1 O0O0i POEIT ETAOAA
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colouring and offered to three adults and two juveniles. Equal numbers of
differently coloured pieces of chow were offered. Observations took place for 45
minutes/day for eight days with uncoloured chow, coloured chow and then

uncoloured chow again.
(1) . F NDASNE wao. & dourgrefpréncerfaNiood dedzido Bialays, Q&7290.

1.8. Present food items whole instead of processed

1 One beforandafter study in the U8Aind that when macaques were presented
with whole foods instead of chopped foods the types of food, anesuahdonsum
time spent feeding increased.

Background

Captive diets for many primate species consist ofegetables and fruit alongside
pellets and browse. In captivity monkeys are primarily provided with chopped
up vegetablesand fruit, which is not what theywould find in the wild. The aim of
presenting vegetables whole instead of chopped is to increase the time spent
foraging and manipulating the food before consumption.
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A before-and-after study in 1989 in the USA (1) found that when lio#tailed
macaquesMaceca silenuswere presented with whole foods instead of chopped
foods the total amount of food consumed and the time spent feeding increased.
The average macaque consumed 395g of whole food compared to 306g of
chopped food per day.Time spend feeding was grater, as a result of increased
consumption and processing requirements, when whole foods were offered
group of 12 liontailed macaques was given fruits and vegetables whole or
chopped on alternate days. Feeding data was collected by one observer between
nognn E AT A ppdqnnm Eh T AOAOOGEIT C 1TTA AT EIA
consecutive days for the chopped control and whole treatment totalling 40 days

of observations.
(1) Smith A., Lindburg D.G. & Vehrencamp S. (1989) Effect of food preparation on feediriguneh
of liontailed macaquesZoo Biology8, 5765

1.9. Present feeds at different crowd levels

1 One beforandafter study in the U8Aind that when smaller crowds were present
foraging and object use in chimpanzees increased.

Background
Crowd levels within zoos vary. A some zoos crowds could consist of up to
hundreds of people at an enclosureat any onetime. This can dfect the behaviour
of captive primates. The aimof presenting feeds at different crowd levelss to
see when is best (high or low crowdevels) to give food to increase foraging time.
A before-and-after study in 1993 at Los Angeles, USA (1) found that foraging
time and object use among chimpanzeeBan troglodytespresented with new
food and environmental enrichmentwas greater with smal viewing crowds than
with large ones. Foragingncreased from 0% of the overall time observed with
old enrichment and low crowd levels to 29% when there were high crowd levels
and new enrichment and up to 33% when new enrichment was given with low
crowds. Object use wasincreased from 3% with low crowds and old enrichment
to4% and 5% when new enrichment was given with high crowds and low crowd
levels respectively.Researchers filmed the group of chimpanzees for three hours
between 12:00 h and 15:00 h withone of four treatments each day: large crowd,
new enrichment; large crowd, old enrichment; small crowd, new enrichment;
small crowd, old enrichment and low crowd, no enrichment. The group of 11
chimpanzees were given access to the enrichment, browsee Hocks and stuffed
sacks at 12:00 h. Repeated observations were made over five weeks. Scan
sampling methods were used to record the behaviour of each chimpanzee every

60 seconds.
(1) Wood W. (1998) Interactions among environmental enrichment, viewing cromtigpa
chimpanzeesRan troglodytesy oo Biologyl7, 211230.

1.10. Paint gum solutions on rough bark
1 No evidence was captured for the effeitgiofy gum solutions on rough bark.
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Background

Some gnall primates, such as marmosetseat gumin the wild by gougng in tree
branches and eat the gum that accumulates. lkeaptivity we canprovide artificial
gum in hollow feeders or painted on rough bark. The aim is to encourage
foraging behaviour and promote feeding behaviours seen in the wild.

1.11. Add gum solutio  ns to drilled hollow feeders

1 No evidence was captured for the eftatdshgfgum solutions to drilled hollow
feeders.

Background i o o A A 5 1
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1.12. Provide live vege tation in planters for foraging

1 One replicatdokeforeandafter study in the U&fportethat chimpanzees spent
more timéoragingvherprovided with planted rye grass and scattered sunflower
seedscompared trowse and grass added to the enclosure with their normal diet.

Background
Ground cover isimportant in enclosure design for primates in captivity. This is
especially so for speciesvhich forage at ground level. Live plant cover aims to
encourage natural fooditems, such asinsects, into the enclosures to increase
foraging levels

A replicated, beforeand-after study in 1991 in the USA (1) reported that
chimpanzeesPan troglodytesprovided with a foraging devicecontaining planted
rye grass and scattered sunflower seeds, spent more time foraging, compared to
a feeder containing just grasswith browse added to the enclosure as their
normal diet throughout, although no statistical tests were carried out.
Chimpanzees foraging behaviour increased from an average of 2% when the
feeder contained grass to 12% when the container contained grass with
sunflower seeds. PVC pipe cut in half lengthwise and planted with rye grass seed
was attached to the outside of six different enclosures containing two or four out
of the 14 chimpanzees observed in the study. All chimpanzees in all six
enclosures were thengiven sunflower seeds added to the grass. Behavioural
observations over 54 hours were conducted under the two conditions: grass

container alone and grass container with scattered sunflower seeds.
(1) Lambeth S. & Bloomfield M. A. (1994) A grass foragingedevicaptive chimpanzeeBgn
troglodyte3. Animal Welfare3, 1324.

1.13. Maximise both horizontal and vertical food
presentation locations

1 One controlled study in the UK and Maddgaadathat when food was hung in
trees in an outdoor enclosure, lesadisnspent feeding on food in the indoor
enclosure.
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1 One replicated, befanglafter study in thedd&ported thatonkeyspentonger
feeding in bowls positioned at tbédopenclosutiean irbowls positioned on the
floor.

Background

In the wild, many primates avoid foraging on the ground if they have the option.
This is to decrease the risk of predadn. The aimof maximising horizontal and
vertical presentation of food is to increase more natural foraging behaviour

A controlled study in 1994 n the UK and Madagascar (1) found that black and
white ruffed lemurs Varecia variegate variegatafed for less time on provisioned
food indoors and more time on natural vegetation in their outdoor island exhibit
than when caged. The percentage of time spefgeding reduced from 89% when
caged to 61% on the island, but 39% of the time was spent feeding on natural
vegetation rather than provisioned food on the island. The variety of locations
also encouraged them to exhibit similar use of feeding postures (96%f feeding
time) and support postures (20% of ground feeding) to that observed in wild
lemurs (75% and 25% respectively). On the island, chopped food was suspended
from trees; in the cage, it was placed on a mesh roof rather than on shelves. Four
captive lemurs, were observed in a cage environment from March to June and on
an island from June to September over 24 days (192 hours of observation). As a
comparison, observations of a wild population were collected for a focal group of
five lemurs every two minutes for 600 hours, to record individual behaviour and
posture.

A replicated, beforeand-after study in 2002 in Scotland, UK (2) reported that
the amount of time spent feeding in bowls positioned at the top of the enclosure
was longer than in bowls positimed on the floor in common marmoset
Callithrix jacchus although no statistical tests were carried out. The marmosets
spent more time stationed in the top half of the enclosure than in the bottom half
(overall 79% vs 21%) with 59g of food eaten at the toowl compared to 19g
from the bottom bowl. Eight marmosets were housed in pairs in four cages.
During the experiment, bowls were placed at different heights, either: on the
floor, at the top; or on the floor and at the top. Each pair was observed for 15
minutes per day over nine days for each condition after the food bowls had been

presented.

(1) Britt A. (1998) Encouraging natural feedaedpaviourin captivebred black and white ruffed
lemurs Yarecia variegata varieggtéZoo Biologyl7, 5, 37B92.

(2) BuchananSmith H.M., Shand C. & Morris K. (2002) Cage use and feeding height preferences of
captive common marmoset€éllithrix j. jacchysn twotier cagesJournal of Applied Animal
Welfare Sciencé&, 139149.

Species Management: Diet Manipulation

1.14. Formul ate diet to reflect nutritional composition of
wild foods (including removal of domestic fruits)

1 One beforandafter study in the U®AInd that replacing milk with fruit juice in gorilla diets
led to a decrease in regurgitation and reingestion.
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1 One relicated, befoendafter study in thedfdund that when lemurs were fedfeeéruit
diet aggression and-gietcted behaviour were lower.

Background:

Many primates are classed as fruit eatergnd so are provided witha diet with a
high proportion of domestic fruit s in captivity. Studies have shown thigan lead
to obesity, diabetes and dental diseasé@lowman et al 2014). Domestic fuits
have now been replaced with vegetable diets in many zoos, witeubsequent
reductions in obesity and dental conditons (Plovman et al 2014). The aim of
this intervention is to reduce abnormal feeding behaviours, social tension and

aggression within primates.
Plowman, A. (2013) Diet review and change for monkeys at Paignton Zoo EnvironmeniauBsak.
of Zoo and uarium Researc¢h, 7377.

A before-and-after trial in 1999 in the USA (1) found that replacing milk with
fruit juice in gorilla Gorilla gorilla gorilla diets led to a significant decrease in
voluntary regurgitation and reingestion of food or fluid from stomach to mouth
and an increase in feeding behaviour. Regurgitation and reingestion were
reduced from 11% of the time when milk was given to 8% of the time when fruit
juice was offered instead of milk. In addition, the consumption of hay doubled
from 10% to 22% of the time in the evening meal. The study used a withdrawal
design method, in which 10 days of feeding ne/EEAO DI x AAOAA AT x86 0 |
followed by a treatment period of 10 days when milk was replaced with apple,
orange or pineapple juice followed ly a return to feeding milk for 10 days. Seven
males and 12 females were studied for five minute sessions during a one hour
period during the evening meal.

A replicated, beforeand-after, site comparison study in 20122013 in
Cornwall and Devon, UK (2) foud that when fed adomestic fruit free diet,
aggression and seldirected behaviour in four species of lemurs, were
significantly lower. Seltdirected behaviour reduced from an average rate of 0.28
times/minute when fed fruit to 0.1 times/minute when no fruit was provided.
Aggression reduced from an average of 1% of time when fed fruit to 0.1% of time
when no fruit was provided. There was no significant effect of diet on foraging
and auto grooming. Four species ofemur (17 individuals Varecia variegata
Varecia rubra, Lemur catta, Eulemur coronatu$ were observed for 35 days at 15
sessions of 20 minutes at Paignton Zoo, during Majuly 2012, and 30 sessions of
20 minutes at Newquay Zoo, during Maduly 2013.The transition to avegetable
and leafeater pellet diet, which excluded fruit, was implemented over the course

of a week. Observations were carried out before and after the diet change.

(1) Lukas K., Hamor G., Bloomsmith M., Horton & Maple T. (1999) Removing milk from captive gorilla
diets: The impact on reggitation and reingestion (R/R) and otthethavioursZoo Biologyl8,
515528.

(2) Britt S., Cowlard K., Baker K., Plowman A. (2015) Aggression-dim@ctelfl behaviour of captive
lemurs [emur catta, Varecia variegata, V. rubra and Eulemur coroniatesiuced by feeding
fruit-free diets.Journal of Zoo and Aquarium Resea3¢chbs.
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1.15. Provide gum (including artificial gum)
1 No evidence was captured for the effgctdding gum (including artificial gum).

Background
3AA AAAECOI OT A pBpin DDABI OCEOAAOGEBOO

1.16. Provide nectar (including artificial nectar)
1 No evidence was captured for the effegctgding nectar (including artificial nectar).

Background

Nectar forms a significant component of the wild diets of many species of
primate (Sussman 1978, Cabana et al. 2014). In captivifyroviding nectar offers
primates the opportunity to manipulate their food with their feed and hands to

extract the nectar, expecially if given in line with an enrichment device.
Sussman R(1978). Nectar-feeding by prosimians and its evolutionary and ecological
implications. In: Chivers D, Joysey K, editors. Recent Advances in Promatology. New Yékk
USA: Academic Presgp. 1197126.

Cabana F., Plowman A. (2014) Pygmy slow lofli§ycticebus pygmaeug natural diet replication in
captivity. Endangered Species Resear@3, 197204.

1.17. Provide cut branches (browse)

1 One replicated, befanelafter study in the Netherlands and Gdiounadythat when
presented with stinging nettles captive gorillas used theesaime gkils as wild gorillas
to forage.

Background

Many primate species are leaf eatera/hich spend significant amounts of time
browsing in the wild. In captivity, pellet and producebaseddiets are
supplemented with cut branches fromtrees and shrubsreferred to as browse.
Browse is a1 important dietary component but also aims to increase time spent
feeding and promote naturalforaging behaviours.

A replicated, beforeand-after study in 2006 at three zoos in the Netherlands
and Germany (1) found thatwestern lowland gorillas Gorilla gorilla gorilla,
presented with stinging nettles Urtica dioica, used the same processing skills as
wild mountain gorillas, Gorilla beringei beringei.Eight of nine captive western
lowland gorillas gathered and processed ves before eating them (just as wild
mountain gorillas do). A captive gorilla with no experience of nettles gathered
and processed leaves 32% of the time and omitted the process stage 59% of the
time. As a comparisoncaptive gorillas given willow plant Salix sp, omitted the
process stage 79% of the time and 17% of the time ate the leaves as soon as the
willow was obtained. Leaves were offered either inside or as a scatter feed
outside. Sixtyeight hours of video contained 296 behavioural sequences of riket
feeding from nine gorillas and 176 behavioural sequences of willow feeding from

11 gorillas.
(1) Tennie C., Hedwig D., Call J. & Tomasello M. (2008) An experimental study of nettle feeding in
captive gorillasAmerican Journal of Primatolo@{, 584593.
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1.18. Provide live invertebrates

1 One beforandafter study in theld&und that when provided with live insect prey
inactivity reduced and foraging increased in captive loris to levels seen in wild loris.

Background

Releasinglive insects or other invertebrates into enclosures aims to encourage
more natural foraging behaviour in primates which hunt live prey in the wild.
Live insects attract the attention of theprimate, encouragingnatural behaviours
such aschasng, stalking and poundng.

A before-and-after study in 2015 in the UK (1) found that when live insect prey
were provided to captive loris Loris lydekkerianus nordicusinactivity was
reduced and foraging increased to levels seen in wild lorises. Average inactivity
time reduced from an average of 4% to 29% (wild loris averaged 43%) and
average foraging time increased from 9% to 24% (wild loris averaged 27%). In
addition, a significant increase in postures used in foragingn the wild and a
wider behavioural repertoire was seen by recording position& behaviours.
Observational data was collected over five consecutive days at fimenute
intervals over six hours/day for each of the five animals for each of three
conditions: pre-enrichment (usual diet); enrichment (usual diet plus live
insects); and pos-enrichment (usual diet). Approximately 200 crickets were
scattered into an indoor enclosure at 10:00 h over the five days of the
enrichment condition (approximately 40 each day) in addition to their normal

diet.

(1) Wwilliams E., Cabana F & Nekaris K.A15)2@proving diet and activity of insectivorous primates
in captivity: Naturalizing the diet of Northern Ceylon gray slenderlloris, lydekkerianus
nordicusZoo Biology34, 473482.

1.19. Provide herbs or other plants for self -medication

1 No evidence waaptured for the effectgrof/iding herbs or other plants for self
medication.

Background

This behaviour; known as zoopharmacognosy, typically involves ingestion or
topical application of plants, soils or insects in order to treat and prevent
diseases.One of the first documented cases of sethedication was observed in
wild chimpanzees (Wrangham 1983), where they were observed folding and
swallowing Aspilia sppleaves without chewing them. These leaves have a rough
and bristly surface which t is suggesed helped the chimpanzees to expell
parasitic worms from their digestive systens. Providing potentially medicinal
plants as browse or growing in herb gardens may allow primates to self
medicate in captivity.

Wrangham RW., and Nishida T (1983) Aspilia spjeaves: A puzzle in the feedingpehaviour of
wild chimpanzees.Primates,24, 2767282.
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1.20. Provide fresh produce

1 One replicated, befanglafter study in the U8Aind that when fresh produce was
offered instead of pellet feed more time was spent féesknanactive in
rhesus macaques.

Background

Different species of primates show considerable variation in their natural diets.
For example marmosets will ed gum as well as fruit, flowers, insects and other
small animals and Macaques will eat bothlpants and meat. It is important that
the diet of primates in captivity should be designed to reflect the appropriate
natural diet, usingfresh produce, of the species giving them the opportunity to
search and manipulate their food as they would in the wal.

A replicated, beforeand-after study in 1996 in the USA (1) found that when fresh
produce (fruit and vegetableg were provided to rhesus macaquesMacaca
mulatta more time was spent feeding and less time inactive than when pellets
were fed. Time spent feding increased from 14 minutes/hour when pellets were
fed to 27 minutes/hour when fresh produce was offered. Inactivity was lower
with fresh produce (two minutes/hour) than when just pellets were provided
(five minutes/hour). A portion of 1259 of fresh produce was offered (60% fruit
and 40% vegetables) for six months, with the varieties of fruit and vegetables
(n=40) offered rotated weekly. The fresh produce was presented in feeding
devices to 63 individually housed macaques at intervals of 1.5 hours, dog
which 15 minutes of animal observations were conducted on all monkeys. Fresh
food was presented to each monkey every weekday for six months with control
observations when just pellets were provided conductedover the same six

months between times when arichment devices were given.

(1) Schépiro S. J., Suarez S.A., Porter L.M. & Bloomsmith M.A. (1995) The effects of different types of
feeding enhancements on the behaviour of sirglged, yearling rhesus macaquésimal
Welfarg 5, 129138.

1.21. Modify ingredie  nts/nutrient composition seasonally
(not daily) to reflect natural variability

1 No evidence was captured for the effaotdifging ingredients/nutrient composition
seasonally (not daily) to reflect natural variability.

Background

Primates display a goodrariation of behavioural flexibility, allowing them to
adjust to changes in food availability in the wild. This is critical for the survival of
leaf eating and fruit eating primates that live in small forests, where food
resources are lowerthan in large and continuous forests. In captivity it is
possibleto adjust their diet accordingly by giving seasonal leaves, fruit and
vegetables with the aim of promotingactivity levels.
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Species Management: Feeding Schedule

1.22. Change the number of feeds per day

1 Two bforeandafter studies in Japand the USAound that when the number of
feeds per day were increased the amount of time spent feeding increased in
chimpanzegelut hair eatiraso increasea baboons.

Background

Anticipating the arrival of foodcan lead to stress bé&aviours in captive animals.

Changing the number of feeds per dageducesthe predictability of feeds within

the daywith the aim of increasing the amount of time animals spendoraging for

foods by decreasng stress behaviours.

A before-and-after study in 1999 in Japan (1) found that when food was given
twice a day instead of once a day to a group of chimpanzean troglodytesthe
amount of time spent feeding increased. On average, feeding time contributed to
7% of the behaviours expresed when one feed was offered per day and 24%
when two feeds were offered per day. A group of five chimpanzees was observed
for 15 days over five one hour time periods when all food was provided in the
afternoon at 15:00 h and when one feed was given betwa 10:00 h and 11:00 h
and a second feed at 15:00 h.

A before-and-after study in 2012 in the USA (2) found that increasing feeds
from one to two per day increased hakeating in baboonsPapio hamadryas sp
When one feed was provided, hair eating was seeduring 1% of the
observations, increasing to 3% with two feeds. Eleven baboons, housed as a
social group, were offered their standard feed of &g of monkey diet in the
afternoon, which was then split into two, 2 kg feeds, given morning and
afternoon. Eachmonkey was observed over six months and two hours of data
were collected on each animal.

(1) Morimura N. & Ueno Y. (1999) Influences on the feeding behaviour of three mammals in the
Maruyama Zoo: Bears, elephants and chimpandeesnal of Applied Animal igeke Science,
169-186.

(2) Nevill C.H. & Lutz C.K. (2015) The effect of a feeding schedule change and the provision of forage
material on hair eating in a group of captive babo®&ap{o hamadryas $plournal of Applied
Animal Welfare Scienct3, 319331.

1.23. Change feeding times

1 One replicated, controlled study in thio&hthat when chimpanzees were fed on
unpredictable schedules inadidtgased

Background
Anticipating the arrival of food can lead to stress H®aviours in captive animals.
Changirg the times when feeds are given to captive primates throughout the day
reducesthe predictability of feedswith the aim of increasing the amount of time
animals spendforaging for foodsby decreasng stress behaviours.

A replicated, controlled study in 95 in the USA (1) found that inactive
behaviour was lower in chimpanzeesPan troglodytesfed on unpredictable
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schedules than for those fed on predictable schedules, but abnormal behaviour
were similar. Inactivity was reduced from 35% of time when predictale feeding
times were maintained to 27% of time when predictable feeding times were
given. Abnormal behaviours did not changesignificantly from when feeding
times were predictable (1%) to when they were unpredictable (0.2%). Two
groups of chimpanzees wee fed on a predictable schedule and two groups were
fed on a more unpredictable schedule. A total of 30 chimpanzees were observed
within the four groups. Four meals of fresh produce were given daily and
observational data were collected at two times eachay, during the prefeeding
period and feeding schedules were unchanged, between 09:30 h and 10:00 h for
30 minutes for a total of 100 hours.
(1) Blbomsmith M & Lambeth S.P. (1995) Effects of predictable versus unpredictable feeding
schedules on chimpanzee befaur. Applied Animal Behaviour Scientg,6574.

1.24. Provide food at natural (wild) feeding times

1 No evidence was captured for the effeatgdinhg food at natural (wild) feeding
times.

Background

This intervention is specifically for nocturnaland diurnal primates. Feeding them
during daylight hours is not suitable and therefore provisions must be put in
place in captivity to allow them to express natural feedindpehaviours at night or
if preferred at dawn and dusk.

1.25. Provide access to food at all times (day and night)

1 No evidence was captured for the effegcidding access to food at all times (day
and night).

Background

Different species of primates show huge variation in their natural diets with
somewild animals spending a considerable amount dfime foraging for food (up
to 70%), this could be during the day or at nightin captivity food needs to be
offered in a manner and frequency appropriate to the species, to provide variety
with the aim of promoting the foraging and social feeding behaviar seen in the
wild.

1.26. Use of automated feeders
1 No evidence was captured for the eftesitgyain automated feeder.
Background

Anticipating the arrival of food can lead to stress H®aviours in captive animals
Automated feeders work bydispensingfresh food in pre-measured quantities, at
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timed intervals throughout the day with the aim of increasing time spent
searching for, extracting and consuming food.

Species Management: Social Group Manipulation

1.27. Feed individuals separately
1 No evidence was captureithéoeffects &deding individuals separately

Background

Some primate species lead solitaryargely lives in the wild but are normally
housed in pairs or social groups in captivity where they may experience feeding
competition. In captivity, training, feeling devices or enclosure modifications
may allow group-housed primates to forage individually.

1.28. Feed individuals in social groups

1 One replicated, controlled study in theep&#ed than enrichment task took less
time to completdnen monkeys warsocial groups than when feeding alone.

1 One beforandafter study in Italgund that in the presence of their groupmates
monkeys ate more unfamiliar foods during the first encounter.

Background

Many primate species feed irsocial groups in the wild bu may be housed
individually in captivity either routinely (e.g. in some laboratory contexts) or
temporarily (e.g. for medical treatment).Many primate species feed in social
groups in the wild but may be housed individually in captivity either routinely
(e.g. in some laboratory contexts) or temporarily (e.g. for medical treatment).
Time spent feeding and foraging as a group may be important for reinforcing
social structures (Brennan & Anderson, 1998) and for the development of
natural feeding behaviours inyoung animals (Lefebvre 1995). Captive primates
can be fed in social groups or given visual access to animals in other enclosures,
with the aim of allowing natural group dynamics and social learning of feeding

behaviours.

Brennan, J & Anderson, J.R. ()988rying responses to feeding competition in a group of rhesus
monkeys fMacaca mulatty. Primates 29, 353360.

Lefebvre, L. (1995) Culturathgnsmitted feeding behaviour in primates: Evidence for accelerating
learning ratesPrimates 36, 227239.

A before-and-after study in 1998 in Italy (1) found that capuchinsCebus
apellaate more unfamiliar foods when they first encountered them if they were
in the presence of their groupmates than if they encountered them when alone.
The average number of foodamples the capuchins ate averaged six as
individuals, but 15 in a social condition. After the first encounter, consumption of
the unfamiliar foods became equivalent to when they encountered the food
alone. Capuchins were presented with eight novel food s in one of two
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conditions: individual and social. Each animal received four food types
individually and another four with groupmates.
A replicated, controlled study in 2009 in the USA2) reported that
completion of an enrichment food task by capuchin wnkeysCebus apellaook
less time in social situations than when feeding alone, although no statistical
tests were carried out Monkeys with another nearby completed the trial three
times faster (100 seconds) than solo monkeys (373 seconds). In each obtw
groups, 12 of 24 monkeys were randomly assigned to the solo condition and 12
to the social condition. One monkey was in the left side of the test chamber, and
either the right remained empty (solo condition), or contained a second monkey
with a cup of ceeal and peanut butter (social condition). Each lethand monkey
was given food in a clear 28cm square box with a protruding wheel to turn,
aligning a hole with a chute that released food into a cup. Each test was
measured as the number of seconds it todkom presentation of the apparatus to
completion of 20 attempts.
(1) Visalberghi E., Valente M. & Fragaszy D. (1998) Social context and consumption of unfamiliar foods
by capuchin monkey€ébus apeljaover repeated encounterdmerican Journal of Primatology
45, 367380.
(2) Dindo M., Whiten A. & De Waal F. (2009) Social facilitation of exploratory fdragangourin
capuchin monkey<gbus apellaAmerican Journal of Primatolo@il,, 419426.

1.29. Feed individuals in subgroups
1 No evidence was captured forfduesedfeeding individuals in subgroups.
Background

Wild primates have to forage over an area that can meet their energetic and
nutritional needs. Therefore an increase in group size will increase the area that
must be covered to find adequatdood for the group. Individuals in a group that
forage in an area that meets the needs of all group membersay have totravel
further and spend more time and energy foraging than would be the case if they
forage in smaller groups or along(Chapman 1990) Therefore the aim of this
intervention is to provide captive primates with the opportunity to forage in

subgroups.
Chapman C, (1990) Ecological constraints on group size in three species of Neotropical primates.
Folia Primatologica 55, 19
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2. Species rmanagement:Ex gu conservation- breeding
amphibians

Author: Fey Young

Background

Amphibians have undergone massivedeclinesglobally, with the latest
assessmenindicating that 42% of known amphibian speciesare threatened with
extinction, a higher proportion than that of mammals(26%) or birds (13%)
(IUCN2016). To combatthis loss of species the Amphibian ConservationAction
Plan proposed actions to addressthe amphibian crisis. Oneof those was exsitu
conservation breeding programmes, to actasan O A Okeaish wasto ensure
specieswere savedin captivity, with the goal of future reintroduction, once
threats had beeneliminated or reducedin the wild. This role of captive breeding
remains a controversial topic in conservation (Snyderet al. 1996; Griffiths &
Pavgeau 2008).

In order to breed amphibians successfullyan understanding of their species
specificneedsis important. Changesn acaptive AT E | éavirénent and care
regarding, for example,diet, heator light requirements, humidity or enclosure
design, canbe either beneficial or detrimental to this process.Different
techniques may be usedin eachfacility with different levels of success.

Advancesin artificial reproduction have beendriven by both the cost of
maintaining increasingnumbers of genetc lines of amphibians and the
difficulties facedwith captive breeding of threatened species.With the exception
of 2.37,the evidencefor interventions in the section Artificial Reproduction has
beenpreviously summarizedin the Amphibian Conservationsynopsis (Smith &
Sutherland2014). Links to key messagesand summariesfor theseinterventions
are included at the end of this chapter.

For amore cohesiveconservation effort, it is vital that information on the
effectivenessof breeding interventions are availableto practitioners in amanner
which is clear,conciseand backedup by scientific literature.

Griffiths R.A. & Pavajeal.. (2008)Captivebreedingreintroductionandthe conservatiorof
amphbians.ConservatiorBiology,22,853-861.

IUCN (2016). ThelUCN RedList of Threatene®peciesVersion20161.
<http://www.iucnredlist.org>Downloadedon 30 June2016.

Smith,R.K. & SutherlandW.J. (2014) AmphibianconservationGlobal evidencdor the effectsof
interventionsExeter,PelagicPublishing.

SnyderN.F.R, DerricksonD.R., BeissingelS.R, Wiley J.W.,SmithT.B., TooneW.D. & Miller, B.
(1996).Limitations of captivebreedingn endangeredpeciesecovery.Conservation
Biology, 10,338 348.
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Key messages 0 refining techniques using less

t hreatened species

Identify and breed a similar species to refine husbandry techniques prior tokiagr
with target species

Twosmall,replicatedinterlinked studiesin Brazilfound that workingwith aless
threatenedsurrogatespecief frog first to establishhusbandryinterventions
promoted successfubreedingof a criticallyendangeredspeciesof frog.

Key messages 0 changing environmental

co nditions/ microclimate

Vary enclosure humidity to simulate seasonal changes in the wild using
humidifiers, fogges/ misters or artificial rain

No evidencewascapturedfor the effectsof varyingenclosurehumidity to simulate
seasonathangesn the wild usinghumidifiers,foggers/mistersor artificial rain.
Vary enclosure temperature to simulate seasonal changethe wild
Onesmall,replicatedstudyin Italy found that one of sixfemalesbred followinga
dropin temperature,andfilling of anegglayingpond. Onereplicated,before-and-
after studyin 2006-2012in Australiafound that providinga pre-breedingcoding
period, alongsideallowingfemalesto gainweightbeforethe breedingperiod,along
with separatingsexesduringthe non-breedingperiod, providingmate choicefor
femalesand playingrecordedmatingcalls,increasedoreedingsuccess.

Vary quality orquantity (UV% or gradients) of enclosure lighting to simulate
seasonal changes in the wild

Onereplicatedstudyin the UKfound that there wasno differencein clutchsize
between frogsgivenan ultraviolet (UV)boostcomparedwith thosewho only
receivedbackgroundevels.However frogsgiventhe UVboosthada significantly
greaterfungalloadthan frogsthat were not U\-boosted.

Vary duration of enclosure lighting to simulate seasonal changes in the wild
No evidencewascapturedfor the effectsof varying the duration of enclosure
lightingto simulateseasonathangesn the wild.

Simulate rainfall using sound recordings of rain and/or thunderstorms

No evidencewascapturedfor the effectsof simulatingrainfall usingsound
recordingsof rain and/or thunderstorms.

Allow temperate amphibians to hibernate

No evidencewascapturedfor the effectsof allowingtemperateamphibiango
hibernate.

Allow amphibians from highly seasonal environments to have a period of
dormancy during a simulated drought period

No evidencewascapturedfor the effectsof allowingamphibiangrom highly
seasonaénvironmentsto havea period of dormancyduringa simulateddrought
period.

Vary water flow/speed of artificial streams in enclosures for torrent breeding
species

No evidaice was captured for the effects of allowing varying water flow/speed of
artificial streams in enclosures for torrent breeding species.
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Provide artificial aquifers for species which breed in upwelling springs

One small study in the USA found that salamasd®ed in an aquarium fitted with
an artificial aquifer.

Vary artificial rainfall to simulate seasonal changes in the wild
Tworeplicated,before-and-after studiesin Germanyand Austriafound that
simulatingawet anddry seasonaswell asbeingmovedto an enclosurewith more
egglaying sitesandflowing water in Austria,stimulatedbreedingand egg
deposition.In Germanyno toadletssurvivedpast142daysold.

Key messages 0 changing enclosure design for

spawning or egg laying sites

Provide multipleegg laying sites within an enclosure

Onereplicatedstudyin Australiafound that frogsonly bred oncemovedinto an
indoor enclosurewhich hadvarioustypesof organicsubstrate allowedtemporary
flooding,and enabledsexratiosto be manipulatedalongwith playingrecorded
matingcalls.Onesmall,replicated,before-and-after studyin Fijifound that adding
rotting logsandhollow bamboopipesto anenclosure aswell asa variety of
substratespromotedegglayingin frogs.

Provide natural substrate fospecies which do not breed in water (e.g.
burrowing/tunnel breeders)

Tworeplicatedstudiesin Australiaand Fijifound that addinga variety of substrates
to anenclosure aswell asrotting logsand hollow bamboopipesin one case,
promoted egglayingof frogs. TheAustralianstudyalsotemporarilyflooded
enclosuresmanipulatedsexratios and playedrecordedmatingcalls.

Provide particular plants as breeding areas or egg laying sites
Onesmall,controlledstudyin the USAfound that salamander®redin anaquarium
heavilyplantedwith javamossand swampweed.

Provide particular enclosure furniture for calling sites, breeding areas or egg laying
sites

Onereplicatedstudyin Fijifound that addingrotting logsandhollow bamboopipes,
aswell asavariety of substrateso anenclosure promoted egglayingfor frogs.One
before-and-after studyin Austriafound that captivefrogsstarted breedingwhen
housedin enclosuresvith more calling,perchingandlayingsites,andwith simulated
wet anddry seasons

Key messages & manipulate social conditions

Provide visual barriers for territorial species

No evidencewascapturedfor the effectsof providingvisualbarriersfor territorial
species.

Manipulate adult density within the enclosure

No evidencewascaptured for the effectsof manipulatinganimaldensitywithin the
enclosure.

Manipulate sex ratio within the enclosure

Onereplicatedstudyin Australiafound that frogsonly bred oncesexratioswere
manipulated,alongwith playingrecordedmatingcallsand movingfrogsinto an
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indoor enclosurewhich allowedtemporaryflooding,and had varioustypesof
organicsubstrate.

Separate sexes in nebreeding periods

Onereplicated,before-and-after studyin Australiafound that clutchsizeof frogs
increasedvhen sexeswere separatedn the non-breedingperiods,alongside
providingfemalemate choice playingrecordedmatingcallsand allowingfemalesto
increasein weightbefore breeding.

Play recordings of breeding calls to simulate breeding season in the wild
Onereplicatedstudyin Australiafound that frogsonly bred when playingrecorded
matingcallsused,alongwith manipulatingthe sexratio after frogswere movedinto
anindoor enclosurewhichallowedtemporaryflooding,usedunder-substrate

filtr ation, and hadvarioustypesof organicsubstrate.Onereplicated,before-and
after studyin Australiafound that clutchsizeof frogsincreasedvhen playing
recordedmatingcalls,alongwith sexeseingseparatedn the non-breedingperiods,
providing femalemate choice,and allowingfemalesto increasein weightbefore
breeding.

Allow female mate choice

One replicated, befor@nd-after study in Australia found that frogs only bred when
females carrying eggs were introduced to males, recorded mating calls wesslplay
as well as sex ratio manipulation and after frogs were moved into an indoor
encbsure which allowed temporary flooding and had various types of organic
substrate. One replicated, befo@nd-after study in Australia found that clutch size
of frogs ncreased when female mate choice was provided, alongside playing
recorded mating calls, sexes being separated in thebreeding periods, and
allowing females to increase in weight before breeding.

Key messages 0 changing the diet of adults

Vary food provigon to reflect seasonal availability in the wild

No evidencewascapturedfor the effectsof varyingfood provisionto reflect
seasmal availabilityin the wild.

Formulate adult diet to reflect nutritional composition of wild foods

No evidencewascapturedfor the effectsof formulatingdiet to reflect nutritional
compositionof wild foods.

Supplement diets with vitamins/ calcium fed to prey (e.g. prey gut loading)

No evidencewascapturedfor the effectsof supplementingdiets with vitamins/
cdciumfedto prey(e.g.preygutloading).

Supplement diets with vitamins/ calcium applied to food (e.g. dusting prey)

No evidencewascapturedfor the effectsof supplementingdiets with vitamins/
cdciumappliedto food (e.g.dustingprey)

Supplement diets with car@noids (including for colouration)

Onestudyin the USAfound that addingcarotenoidsto fruit fliesfed to frogsreduced
the numberof clutches but increasedhe numberof tadpolesand successful
metamorphs.

Increase caloric intake of females in predion for breeding

One replicated, befor@and-after study in Australia found that clutch size of frogs
increased when females were allowed to increase in weight before breeding,
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alongside having mate choice, recorded mating calls, and sexes separatediort
breeding periods.

Key messages 0 manipulate rearing conditions

for young

Formulate larval diet to reflect nutritional composition of wild foods
Onerandomizedfeplicated,controlledstudyin the USAfound that tadpoleshad
higherbody massandreacheda more advancedlevelopmentaktagewhenfed a
control diet (rabbit chowandfishfood) or freshwateralgae,comparedto thosefed
pine or oakpollen.Onerandomizedyeplicatedstudyin Portugalfound that a diet
highin protein had highergrowth rates,survivaland bodyweightsat metamorphosis
comparedto dietscontaininglessprotein.

Leave infertile eggs at spawn site as food for eggting larvae

No evidencewascapturedfor the effectsof leavinginfertile eggsat spawnsite as
food for eggeatinglarvae.

Manipulate humidity to improve development or survival to adulthood

No evidencewascapturedfor the effectsof manipulatehumidity to improvesurvival
to adulthood.

Manipulate quality and quantity of enclosure lighting to improve development o
survival to adulthood

No evidencewascapturedfor the effectsof manipulatequality and quantity of
enclosurelightingto improvesurvivalto adulthood.

Manipulate temperature of enclosure improve development or survival to
adulthood

Tworeplicatedstudiesfound that tadpolestook longerto reachmetamorphosisand
highersurvivalrateswhenrearedat lower temperatures.Onereplicatedstudyfound
that the growth rate anddevelopmentstagereachedof tadpoleswashigherwhen
rearedat steadyrather than variedtemperatures.Onereplicated,controlled study
found that developingeggsrearedwithin atemperaturerangehadhighersurvival
rates,highergrowth ratesandlower abnormalities.

Manipulate larval density within the enclosure

Onerandomizedstudyin the USAfound that decreasindarvaldensityof
salamandersincreasedarvaesurvivalandbody mass.

Allow adults to attend their eggs

No evidencewascapturedfor the effectsof allowingadultsto attend their eggs.

Key messages 0 artificial reproduc tion

Use artificial cloning from frozen or fresh tissue
No evidencewascapturedfor the effectsof usingartificial cloningfrom frozenor
freshtissue.
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Refining techniques using less threatened species

2.1. ldentify and breed a similar species to refine
husbandry techniques prior to working with target
Sp ecies

1 Two small, replicated interlinked studiesiaf@uazilthat working with & less
threatened surrogate species of frog first to establish husbandry interventions
promoted successful breedmgraically endangered species of frog.

Background

Captive breeding techniques and correct husbandry have only been developed
for a relatively small number of amphibian species. It is sometimes necessary to
trial husbandry interventions on similar species, which are less threatened in the
wild, before trying to breed more challenging and higher risk species.

A small, replicated study in 2009z2010 of Scinaxperpusillus at Sdo Paulo
Zoo,Brazil (1), carried out to develop methods for breeding Scinaxalcatrazin (2),
found that eggswere produced in captivity. Five batchesof 4777 eggswere laid
in 2010 by one female. Two of three adult malesdied during the year. The three
males, one female and six larvae were wild caught in 2009. Following five
months quarantine, adults were housedat 12z27°Cin a glasstank (70 x 30 x 45
cm) with a water dish and plants. Tanks were misted once or twice a day and
before breeding an ultra-sonicfoggerwas turned on for 10 hours overnight three
times a week. Managementand husbandry protocols were establishedusing this
speciesin preparation for attempted captive breeding of Scinaxalcatrazin.

A small, replicated study in 201172012 of captive Scinaxalcatrazin at S&o
Paulo Zoo, Brazil (2), having developed methods using Scinaxperpusillus (1),
found that eggswere produced and juveniles maintained in captivity. The first
breeding event occurred after 33 daysin captivity. Onefemale deposited around
140 eggs,of which 132 hatched. By July 2012, 93 froglets were still alive. Two
malesand a female died on the first day in captivity. Elevenanimals (five males,
three females,three tadpoles) were collected from the wild in October2011 and
housed in a biosecure room. Adults were kept in two glass enclosures, with
plants and water. An ultra-sonic foggerwas usedto increasenight-time humidity
to stimulate breeding. Tadpoleswere housedin a plastic enclosure and froglets
in plastic cups.Managementand husbandry protocols had been establishedover
two yearsusing captive Scinaxperpusillus(seel).

(1) Lisboa C.S. & Vaz R.I. (2012) Captive breeding and husbandr$ahax perpusillusit Sao
Paulo Zoo: preliminary action forex situconservation of Scinax alcatrazZAnura:
Hylidae).Herpetological Review43, 435437.

(2) Lisboa C.S. (2012) &ptive breeding andin situ monitoring of a critically endangered tree
frog speciesAmphibian Ark Newsletter 20, 68.
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Changing environmental conditions/ microclimate

2.2. Vary enclosure humidity to simulate seasonal
changes in the wild using humidifiers, fog gers/misters
or artificial rain

1 No evidence was captured for the effects of varying enclosure humidity to simulate
seasonal changes in the wild using humidifiers, foggers/misters or artificial rain.

Background

For some species, breeding is seasonal andnclae triggered by longer periods of
sunlight, changing temperatures or increased/decreased rainfall which can
change the humidity of their environment. It may be possible to trigger breeding

AU OEIi Ol AGET ¢ OEAOA OAOAOG ximgGhe Effect kT A
varying artificial rainfall to simulate seasonal changes in the wild are discussed
in2.11.

—
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—

2.3. Vary enclosure temperature to simulate seasonal
changes in the wild

1 One small, replicated study ihftahd that one of six females biealiriglla
drop in temperature frora2t 17C, and filling of an egg laying pond.

1 One replicated, befanglafter study in Austfaliat provided a gmeeding
cooling period, alongside allowing females to gain weight before the breeding
peiod, sepating sexes during thelmeeding period, providing mate choice for
females and playing recorded mating calls, increased breeding success.

Background

For some species, breeding is seasonal and can be triggered by longer periods of
sunlight, changing tenperatures or increased/decreased rainfall. It may be
posOEATI A O OOECCAO AOAARAETI C AU OE[ Ol AOGET ¢ ¢

A small, before-and-after study in 1993 of parsley frogs Pelodytespunctatus
at GenoaUniversity, Italy (2) found that one of six femalesbred following filling
an egg laying pond with water and a drop in temperature from 22 to 17°C.
Immediately after the drop in temperature and filling of the pond, mating and
egglaying occurred when none had occurred previously, no statistical tests were
carried out. Oneclutch (500 eggs)was produced and hatchedin a separatetank.
Thirty -one tadpoles were obtained from the wild in 1993. Tadpoleswere housed
in 2400 L tank (20 cm water) and metamorphsin a 50 x 50 x 25 cm tank. From
eight months animals were housedin a 120 x 60 x 50 cm glass breeding tank
with pebbles, moss and a small pond which could be filled with water for
breeding. In March 1995, the terrarium was temporarily movedto aroom with a
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steadytemperature (22°C),then to a thermostatically controlled chamber(17°C)
in April, at the sametime the pond was filled with water.

Areplicated, before-and-after study in 2006-2012 in Victoria and New South
Wales,Australia (2) reported that providing a pre-breeding cooling period, along
with allowing females to gain significant weight before the breeding period,
separating sexes during the non-breeding period, providing mate choice for
femalesand playing recorded mating calls, increased clutch size and decreased
egg mortality in captive southern corroboree frogs Pseudophrynecorroboreeg
although no statistical tests were carried out. In 2006 Melbourne Zoo had no
cooling period (average clutch size: 21; egg mortality: 95%). In 2007-2011,
cooling periods of 6-w 1 f@r 31-64 days were used (average clutch size: 21; egg
mortality: 85%). In 2012 a cooling period of 98-112 days at 5-p ¢ Twas used
(averageclutch size: 46; eggmortality: 27%). At TarongaZoo the cooling period
wasv 1 fér 56 daysfor 2010 (averageclutch size: 20; eggmortality : 72%), 2011
(averageclutch size: 12.2: eggmortality 26%) and 2012 (averageclutch size:17;
eggmortality 28%).

(1) Emanueli L., Jesu R., Schimment G., Arillo A., Mamone A. & Lamagni L. (1997) Captive
breeding programme of the parsley frog Pelodytes punctaus Daudin, 1803) at Genoa
aquarium (Italy). Herpetologica Bonnensjsl 997, 115118.

(2) McFadden M., Hobbs R., Marantelli G., Harlow P., Banks C. & Hunter D. (2013) Captive
management and breeding of the Critically Endangered southern corroboree frog

(Psaidophryne corroboreg at Taronga and Melbourne ZoosAmphibian & Reptile
Conservationb, 70z87.

2.4. Vary quality or quantity (UV% or gradients) of
enclosure lighting to simulate seasonal changes in
the wild

1 One replicated study in thefdild that there weresigmificant differences in
frogs given an ultraviolet (UV) boost, compared with those who only received
background levels. However, frogs given the UV boost had a significantly greater
fungal load in comparison to frogs that werbomsdte.

Background

For some species, breeding is seasonal and can be triggered by longer periods of
OOT 1 ECEO8 )O i Au AA DPi OOEAI A Oi OOECCAO AO
an enclosure.

In captivity, metabolic bone disease can be an issue in amphibians if therrext
lighting is not used. It develops as a result of an imbalance of vitamin D3,
phosphorous or calcium. Amphibians cannot process calcium without vitamin D,
which is activated by ultraviolet light. If the correct lighting is not provided,
animals can sdfer from brittle or deformed bones. Diseased animals are not
likely to breed.

A replicated, controlled study in 2014 in Manchester, UK (1) found that
there was no significant effect on clutch size for red-eyed tree frogs Agaluchnis
callidryas when given ultraviolet (UV) boosttreatment, in conjunction with a diet
supplemented with calcium. Two clutches were laid from two femalesin the
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background UV group (number eggslaid: 118), and four clutches from seven
femalesin the UV boost group (184). There was no statistically significant effect
of UV treatment on clutch size (background UV:59; UV boost: 74). Frogs given
the UV boost had significantly more fungal colony forming units j # & 5i6 O
comparison to frogs that were not UV-boosted (background UV: 2-3 CFUS; pre-
UV boost: 2 CFUS; post-UV boost: 13 CFW OFdy frogs were used in four
treatment groups, which started three months after their metamorphosis:
background UV,5% calcium diet; background UV,10% calcium diet; background
UVwith UV boost, 5% caldum diet; background UV with UV boost, 10% calcium
diet. Frogs receiving the QUV boosto treatment were put under a 300-watt
/O O AUltka Vitalux mercury vapour sun lamp suspended40cm abovethe base
of the tank for 20 minutes. Breedingtrials were conducted immediately after the

UVboosttrials.
(1) Antwis R.E., Preziosi R.F. & Fidgett A.L. (2014) Effects of different UV and calcium
provisioning on health and fitness traits of redeyed tree frogs @galychnis callidrya}.
Journal of Zoo and Aquarium Research) 69-76.

2.5. Vary duration of enclosure lighting to simulate
seasonal changes in the wild

1 No evidence was captured for the effects of varying duration of enclosure lighting
to simulate seasonal changes in the wild.

Background

For some species, breeding is seasal and may be triggered by longer periods of o
OO1T 1 ECEO8 )O 1T Au AA PT OOEATI A O OOECCAO AO
an enclosure

2.6. Simulate rainfall using sound recordings of rain
and/or thunderstorms

1 No evidence was captured for the effesitmutating rainfall using sound
recodings of rain and/or thunderstorms.

Background

For some species, breeding is seasonal and may be triggered by increased or
decreased rainfall. It may be possible to trigger breeding by simulating such
OAOAOS enBllBEeET Al

2.7. Allow temperate amphibians to go through
hibernation period

1 No evidence was captured for the effects of allowing temperate amphibians to go
through hibernation period.
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Background

Hibernation is a natural process for some amphibians from colderegions, in
which they burrow underground or at the bottom of ponds. They dramatically
slow down their metabolic processes to conserve their energy over winter to
mate in spring. Breeding is also seasonal and can be triggered by longer periods
of sunlight, changing temperatures or increased/decreased rainfall. It may be
posOEAT A O OOECCAO AOAAAET ¢ AU OEIi O1I AGET ¢ C

2.8. Allow amphibians from highly seasonal
environments to have a period of dormancy during a
simulated drought period
1 No evidence was captured for the effects of allowing amphibians from highly

seasonal environments to have a period of dormancy during a simulated drought
perod.

Background

Dormancy (or aestivation) is a natural process for some amphibians from

warmer regions, where they move underground and dramatically slow down

their metabolic processes in order to save energy in hot, dry weather. Breeding is

also seasonal and can be triggered by longer periods of sunlight, changing
temperatures or increased/decreased ainfall. It may be possible to trigger
AOAAAET ¢ AU OEI OIl AGET ¢ OEAOA OAOAOGS xEOEEI

2.9. Vary water flow/speed of artificial streams in
enclosures for torrent breeding species
1 No evidence was captured for the effects of allowing varyingpsateoflow/s
artificial streams in enclosures for torrent breeding species.

Background

Some amphibian species live in habitats where flowing water is a constant or
seasonal feature. Varying the flow rateof artificial streams or waterfalls in
captivity may simulate seasonal changes in the wild which may signal the onset
of breeding.

2.10. Provide artificial aquifers for species which breed in
upwelling springs

1 One small study the USAound that salamanders bred in an aquarium fitted
with an artificial aquifer.
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Background

Some amphibian species appear to breed underground in places where water
flows up through rock fragments to form springs (aquifers). In captivity, artificial
systems can be designed to replicate these upflows and may improve breeding
success for ave-dwelling species.

A small, before-and-after study in 199071994 in Dallas,USA(1) found that
TexassalamandersEuryceaneotenedred more successfullyin an aquarium with
an artificial aquifer compared to without, although no statistical tests were
carried out. With accessto the aquifer one female deposited eggsin April 1993
(number not reported), a secondfemale laid 40 eggsin May, and 50 in March
1994. Without accesgo the aquifer one femalelaid 19 eggsin February 1991 but
no other breeding activity was observed. Prior to 1993, salamander pairs had
been kept within one of three aquariums, one with gravel substrate, one heavily
planted with aquatic plants, and one with partially buried rocks and rock shards.
The only eggslaid were in the planted aquarium, fixed singly to live plants. In
1993, two pairs of salamanderswere placed in an aquarium with a 1.2 m long
acrylic tube filled with limestone shards attached to the bottom. Water was
pumped up through this aquifer to replicate an upwelling spring.

(1) Roberts D.T., Schleser D.M. & Jordan T.L. (1995) Notes on the captive husbandry and

reproduction of the Texas salamandeEurycea neoteneat the Dallas Aquarium.
Herpetlogical Review 26, 2325.

2.11. Vary atrtificial rainfall to simulate seasonal changes
in the wild

1 Two replicated, befanslafter studies in Germdaayd Austdafound that
similating a wet and dry season, as well as being moved to an enclosure with
more egg laying sites and flowing water in Austria, stimulated breeding and egg
depodgin. In Germany, no toadlets survived past 142 days old.

Background

In some amphibian habitats, rainfall is highly seasonal with the onset of rain
following a dry period signaling the start of the breeding season. It may be
possible to trigger breedingby & | O1 AOET ¢ OEAOA OAOAOG xEOEEI

A replicated, before-and-after study in 2008z2011 in Cologne,Germany (1)
found that eggdeposition of harlequin toads Atelopusflavescensvas stimulated
by intensive rainfall following a dry period, whereas none had occurred
previously. However, no offspring survived past 142 days. The first three
breeding trials with no wet or dry seasonsresulted in no eggproduction. Oncea
wet and dry seasonwas simulated, two clutches of eggswere produced with
4007500 eggs(5710% unfertilized). On day 43 after egg deposition, only two
larvae survived. Onetadpole survived to day 112, the other died as a toadlet at
day 142. Maleswere housedin three groups of 12715 in tanks (100 x 60 x 60 cm)
with artificial streams.Four femaleswere transferred to the tanks for breeding.
Tankswere misted severaltimes eachday. A dry seasonwith reduced water and
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misting was then simulated for three months followed by a wet seasonwith
increasedrainfall usingan artificial rain system.

A before-and-after study in 2010-2012 in Vienna, Austria (2) found that
captive Stauroisparvusand Stauroisguttatus started breeding when wet and dry
seasonswere simulated, and frogs were moved to a larger enclosure with more
calling, perching and laying sites, although no statistical tests were carried out.
Neither specieshad bred successfullyin captivity before 2011. Oncethe animals
were movedto two breeding enclosureswith simulated wet and dry seasonsand
with more calling perching and laying sites in August 2011, S. parvis tadpoles
were observedfrom October2011 and S.guttatus tadpolesfrom March 2012. By
2012, a total of 285 S.parvis froglets, 600 tadpoles and 180 juveniles had been
raised and 76 S.guttatus tadpoles had beenraised. In August2011, five pairs of
eachspecieswere moved from a medium-sized (50 x 60 x 70 cm) terraria with
tree branches,plants and stonesand no simulated wet and dry seasons;to two
larger (150 x 120 x 100 cm) enclosures with controllable waterfalls, plants,
small burrows, ledgesfor calling sites and perching sites. The waterfall for S.
guttatus also had several tree branches.Eachenclosure had a simulated 14 day
dry period, followed by a 14 day simulated rainy season(4 hours daily rainfall)
with the temperature in both enclosuresat 22-27°C.

(1) Gawor A., Rauhaus A., Karbe D., Van Der Straeten K, Létters S. & Ziegler T. (2012) Is there
a chance for conservation breedingEx situmanagement, reproduction, and early life
stages of the harlequin toadAtelopus flavesensDuméril & Bibron, 1841 (Amphibia:
Anura: Bufonidae).Amphibian & Reptile Conservation, 2944.
(2) Preininger D., Weissenbacher A., Wampula T. & Hodl W. (2012) The conservation
breeding of two foot-flagging frog species from Borned$taurois parvusand Saurois
guttatus. Amphibian & Reptile Conservatiorb, 4556.

Changing enclosure design for spawning or egg laying

sites
2.12. Provide multiple egg laying sites within an
encl osure
1 One replicated study in Austfaliad that frogs only bred once movad into
indoor enclosure which had various types of organic substrate, allowed temporary
flooding, and enabled sex ratios to be manipulated along with playing recorded
mating calls.
1 One small, replicated, befodafter study in F¥iound that addingingtiogs
and hollow bamboo pipes to an enclosure, as well as a variety of substrates,
promoted egg laying in frogs.
Background

A choice of egg laying sites may be offered which vary in humidity, temperature,
water level or protection from predation. This can often be done by using
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environment in captivity, to meet species specific needs, could help improve
breeding success.

A replicated,beforeandafter study in 1994 1996 of roseatefrogs Geocrinia
roseaat MelbourneZoo, Australia (1) foundthatfrogs only bredafterbeingmovedto
anindoor enclosurenhich hada mix of organicsubstratesvith moss,mud, bark and
palm peat, temporary flooding of enclosuresmanipulatedsex ratios, introduced
femalescarrying eggsto males,and played recordedmating calls. The only fertile
spawningoccurredin spring 1996, in a well-establishedurrow hiddenbeneathdry
leaf litter andeucalyptusark which contained25 eggs,but theywerelater destroyed
by fungus.From 19941995, two male andthreesub-adult frogs were housedn two
outdoortanks (120 x 60 x 60 cm) with a subsurfacewaterdepth50-100mm.Males
calledwhentheywerein outdoorenclosuresbut fertile eggswerenot produceduriil
animalswere movedto indoor tanks.From 1996, 6i 7 frogs were housedin eachof
four indoortanks(47 x 55x 36 cmand180x 46 x 46 cm).

A small, replicated, before-and-after study in 2004-2007 in Fiji (2,3) found
that the provision of egglaying sites including rotting logs and hollow bamboo
stems Piper aduncumand various organic substrate in an enclosure resulted in
successfulbreeding for two pairs of Fijian ground frogs Platymantis vitianus. A
total of 39 froglets were raised after one year. Two egg clutcheswere found, one
in a section of bamboo stem filled with damp soil substrate,and another under a
moist rotting log on a mix of soil and leaf litter. A captive breeding program had
been running for this speciessince 2004, but only one froglet was reared after
three years of trying. From 2006-2007, five male and five female frogs were

placedin a purpose built outdoor enclosure.

(1) Birkett J., Vincent M. & Banks C. (1999) Captive management and rearing of the roseate
frog, Geocrinia roseaat Melbourne Zoo.Herpetofaung 29, 4956.

(2) Narayan E., Christi K. & Morley C. (2007) Provision of etaying sites for captive
breeding of the endangered Fijian ground frodlatymantis vitianus,University of the
South Racific, Suva, FijiConservation Evidencd, 61-65.

(8) Narayan E., Christi K. & Morley C. (2009) Captive propagation of the endangered native
Fijian frog Platymantis vitiana Implications for ex-situ conservation and management.
Pacific Conservation Biology5, 47-55.

2.13. Provide natural substrate for spe cies which do not
breed in water (e.g. burrowing/tunnel breeders)

1 Two replicated studies in Austeadch Fii® found that adding a variety of
substrates to an enclosure, as well as rotting logs and hollow bamboo pipes in one
casé, promoted egg layiridgrogs. The Australian study also temporarily flooded
enclosures, manipulated sex ratios and played recorded Inating calls

Background

Breeding may be stimulated by promoting natural breeding behaviours, such as

AECCET ¢ 1T O O A0O0G% na@lEsibsgtraté, @lach thay bebpeeetE AET C
ET OEA AI PEEAEAT 60 xEI A AT OGEOITI1 AT Oh T AOQO
may be triggered, leading to breeding.
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A replicated, before-and-after study in 199471996 of roseate frogs Geocrinia
rosea at Melbourne Zoo, Australia (1) found that frogs only bred after being
moved to an indoor enclosurewhich had a mix of organic substrates,temporary
flooding of enclosures,manipulated sexratios, introducing femalescarrying eggs
to males, and recorded mating calls being played. The only fertile spawning
occurred in spring 1996, in a well-established burrow hidden beneath dry leaf
litter and eucalyptus bark which contained 25 eggs, but they were later
destroyed by fungus.From 1994-1995 , two male and three sub-adult frogs were
housedin two outdoor tanks (120 x 60 x 60 cm) with a sub-surfacewater depth
50-100mm. Males called when they were in outdoor enclosures,but fertile eggs
were not produced until animals were moved to indoor tanks. From 1996, 677
frogs were housedin eachof four indoor tanks (47 x 55 x 36 cm and 180 x 46 X
46 cm) with moss,mud, bark and palm peatassubstrates.

A small, replicated, before-and-after study in 2004-2007 in Fiji (2,3)
found that the provision of egglaying sites including various organic substrates,
rotting logs and hollow bamboo stemsPiperaduncumin an enclosureresulted in
successfulbreeding for two pairs of Fijian ground frogs Platymantis vitianus. A
total of 39 froglets were raised after one year. Two eggclutcheswere found, one
in a section of bamboo stem filled with damp soil substrate,and another under a
moist rotting log on a mix of soil and leaf litter. A captive breeding program had
been running for this speciessince 2004, but only one froglet was reared after
three years of trying. From 2006-2007, five male and five female frogs were
placedin a purpose built outdoor enclosure.

(1) Birkett J, Vincent M. & Banks C. (1999) Captive management and rearing of the roseate
frog, Geocrinia roseaat Melbourne ZooHerpetofaung 29,49-56.

(2) Narayan E, Christi K. & Morley C. (2007) Provision of edaying sites for captive
breeding of the endangered Fijian ground fro@latymantis vitianus University of the
South Racific, Suva, FijiConservation Evidenget, 6165.

(3) Narayan E, Christi K& Morley C. (2009) Captive propagation of the endangered native
Fijian frog Platymantis vitiana Implications for ex-situ conservation and management.
Pacific Conservation Biologyl5, 4%55.

2.14. Provide particular plants as breeding areas or egg
laying site s

1 One small, controlled study in thé fo@#d that salamanders bred in an
aquaum heavily planted with java moss andweeanp

Background

Some amphibian species require particular types of plant to complete their
natural breeding cycle. This may be for courtship, eggs laying or larval

or similiar plantsin captivity may improve breeding success.

A small, controlled study in 199071994 of Texas salamanders Eurycea
neotenesin Dallas, USA (1) found that captive breeding was successfulin a
heawuly planted aquarium but not in aquariums without plants. Between 1990
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and 1993, a pair of salamandershousedin a planted aquarium produced 19 eggs
(in February 1991) but none were produced by salamanderpairs housedin an
aguarium containing a gravel substrate or one with partially buried rocks and
rock shards over the sameperiod. The eggswere fixed singly to live plants. Four
of the eggs hatched and three larvae were reared to maturity. The planted
aguarium contained java moss Vesiculariadubyanaand swamp-weed Hygrophila
sp..Eggswere removed to a separateaquarium to avoid predation by the adult

salamandersor snails.
(1) Roberts D.T, Schleser D.M. & Jordan T.L. (1995) Notes on the captiusbandry and
reproduction of the Texas salamandeEurycea neoteneat the Dallas Aquarium.
Herpetlogical Review26, 23-25.

2.15. Provide particular enclosure furniture for calling
sites, breeding areas or egg laying sites

1 One replicated study iA-2Fgind that adding rotting logs and hollow bamboo
pipes, as well as a variety of substrates to an enclosure, promoted egg laying in
frogs.

1 One beforandafter study in Ausdrfaund that captive frogs started breeding
when animals were housed in enclo#hresone calling, perching and laying
sites, as well as simulated wet and dry seasons.

Background

Specific habitat features may be critical to amphibian breeding by offering sites

Al O AAITETch Ai OOOOEE IO AcCc 1| AUET C8
environment in captivity by providing these habitat features or artificial
alternatives could improve breeding success.

A small, replicated, before-and-after study in 2004-2007 in Fiji (1,2) found
that the provision of egglaying sites including rotting logs and hollow bamboo
stems Piper aduncumand various organic substrate in an enclosure resulted in
successfulbreeding for two pairs of Fijian ground frogs Platymantisvitianus. Two
egg clutches were found, one in a section of bamboo stem filled with damp soil
substrate, and another under a moist rotting log on a mix of soil and leaf litter. A
total of 39 froglets were raised after one year. A captive breeding program had
been running for this speciessince 2004, but only one froglet was reared after
three years of trying. From 2006-2007, five male and five female frogs were
placedin a purpose built outdoor enclosure.

A before-and-after study in 2010-2012 in Vienna, Austria (3) found that
captive Staurois parvus and Staurois guttatus started breeding when animals
were housedin terraria with more calling, perching and laying sites, and with
simulated wet and dry seasons,although no statistical tests were carried out.
Neither speciesbred successfullyin captivity before 2011. Once animals were
moved to breeding arenaswith a more complex habitat in August2011, S.parvis
tadpoles were observedfrom October2011 and S.guttatus tadpolesfrom March
2012. By 2012, a total of 285 S.parvis froglets, 600 tadpoles and 180 juveniles
had beenraised and 76 S.guttatus tadpoleshad beenraised.In August2011, five
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pairs of each specieswere moved from a medium-sized (50 x 60 x 70 cm)
terraria with tree branches, plants and stones and no simulated wet and dry
seasonsto larger (150 x 120 x 100 cm) enclosureswith controllable waterfalls,
plants, small burrows, ledgesfor calling sites and perching sites, and simulated
wet and dry seasons.The waterfall for S.guttatus alsohad severaltree branches.

@)

@)

®3)

Narayan E, Christi K. & Morley C. (2007) Provision of edaying sites fa captive
breeding of the endangered Fijian ground frodlatymantis vitianus,University of the
South Racific, Suva, FijiConservation Evidencd, 61-68.

Narayan E, Christi K. & Morley C. (2009) Captive propagation of the endangered
nativeFijian frog Platymantis vitiana: Implications for exsitu conservation and
management. Pacific Conservation BiologyL5, 47z55.

Preininger D., Weissenbacher A., Wampula T. & H6dl W. (2012) The conservation
breeding of two foot-flagging frog species from BorneoStauroisparvusand Staurois
guttatus. Amphibian & Reptile ConservatioB, 45-56.

Manipulate social conditions

2.16. Provide visual barriers for territorial species

1 No evidence was captured for the effects of visual barriers for territorial species.

Background

A capive breeding setup may house multiple pairs of amphibians. In territorial

species this could potentially cause aggression between individuals which
negatively impacts breeding success. By providing barriers which allow
individuals or pairs to avoid visualcontact with each other, this aggression may
be reduced or eliminated.

2.17. Manipulate adult density within the enclosure

1 No evidence was captured for the effects of manipulating animal density within the
enclosure.

Background

By manipulating animal densities, particularly around the breeding season,
aggressive behaviour could be minimised. Also, eggs are less likely to be
damaged if fewer adults are kept in the same enclosure. Alternatively, some
species may equire higher densities to trigger breeding.

2.18. Mani pulate sex ratio within the enclosure

1 One replicated study in Austialiad that frogs only bred once sex ratios were
manipulated, along with playing recorded mating calls and moving frogs into an
indoor enclosure which allowed temporary floodiragl @eadobs types of
organic substrate.
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Background

By manipulating sex ratios, increased competition between males for a mate
could stimulate more breeding calls or mating. However, males from more
aggressive species may need to be separated during thisne to minimise injury

to tank mates, eggs or larvae.

Areplicated, before-and-after study in 199471996 of roseate frogs Geocrinia
roseaat Melbourne Zoo, Australia (1) found that fertile eggswere only laid after
sex ratios were manipulated, females carrying eggswere introduced to males,
recorded mating calls were played, and frogs had been moved to an indoor
enclosure with trickle water filtration, as well as a mix of organic substrate,
temporary flooding of enclosures.The only fertile spawning occurred in spring
1996, which contained 25 eggs,but they were destroyed by fungus. From 1994-
1995 , two male and three sub-adult frogs were housed in two outdoor tanks
(120 x 60 x 60 cm) with a sub-surface water depth 50-100mm. Males called
when they were in outdoor enclosures,but fertile eggswere not produced until
animals were moved to indoor tanks. From 1996, 677 frogs were housedin each
of the five indoor enclosures.

(1) Birkett J., Vincent M. & Banks C. (1999) Captive management and rearing of the roseate
frog, Geocrinia roseaat Melbourne ZooHerpetofaung 29, 4956.

2.19. Separate sexes in non -breeding periods

1 One replicated, befangafter study in Austfaicaind that clutch size of frogs
increased when sexes were separated in-tieedorg periods, giside
providing female mate choice, playing recorded mating calls and allowing females
to increase in weight before breeding.

Background

Many species of amphibian lead largely solitary lives during nehreeding
periods in the wild but may be permanently hased in mixedsex groups in
captivity. In some species, burrows or nests are constructed before the breeding
season. Separating the sexes outside of the breeding season allows the males or
females time to construct these burrows. The timing of introducinghe females

to the males alongside could promote breeding.

Areplicated, before-and-after study in 2006-2012 in Victoria and New
SouthWales,Australia (1) reported that providing a pre-breeding cooling period,
alongwith allowing femalesto gain significant weight before the breeding
period, separatingsexesduring the non-breeding period, providing mate choice
for femalesand playing recorded mating calls,increasedclutch sizeand
decreasedeggmortality in captive southern corroboree frogs Pseudophryne
corroboree although no statistical tests were carried out. From 2006-2010
Melbourne Zoodid not separatesexesin the non-breeding period (average
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clutch size: 18; eggmortality: 89%). In 2011-2012, sexeswere separatedin the
non-breeding period (averageclutch size:43; eggmortality: 89%). At Taronga
Zoosexeswere always kept separatein the non-breeding periods in 2010
(averageclutch size:80; eggmortality: 72%), 2011(averageclutch size:70; egg

mortality: 26%) and 2012(averageclutch size:54; eggmortality: 28%).

(1) McFadden M., Hobbs R., Marantelli G., Harlow P., Banks C. & Hunter D. (2013) Captive
management and breeding of the Critically Endangered southern corroboree frog
(Pseudophryne corroborégMoore 1953] at Taronga and Melbourne Zoo#Amphibian &
Reptile Conservationb, 70z87.

2.20. Play recordings of breeding calls to simulate
breeding season in the wild

1 One replicated study in Austi@liad that frogs only bred when recorded mating
calls were played, as well as manipulating the sex fiatgs afere moved into
an indoor enclosure which allowed temporary flooding, and had various types of
organic substrate.

1 One replicated, befangafter study in Austfaitaind that clutch size of frogs
increased when playing recorded mating aadjswith the sexes being
separated in the Ameeding periods, providing female mate choice, and allowing
females to increase in weight before breeding.

Background

Calling activity by males is usually prominent in the breeding season, and plays
an important part in mate selection. Playback of recorded breeding calls may
stimulate breeding, by increasing competition between males.

Areplicated, before-and-after study in 199471996 of roseate frogs Geocrinia
roseaat Melbourne Zoo, Australia (1) found that fertile eggswere only laid after
recorded mating calls were played, sex ratios were manipulated, females
carrying eggswere introduced to males,and frogs had been moved to an indoor
enclosurewhich allowed temporary flooding and had a mix of organic substrates.
The only fertile spawning occurred in spring 1996, which contained 25 eggs,but
they were destroyed by fungus. From 1994-1995 , two male and three sub-adult
frogs were housedin two outdoor tanks (120 x 60 x 60 cm) with a sub-surface
water depth 50-100mm. Malescalled when they were in outdoor enclosures,but
fertile eggswere not produced until animals were moved to indoor tanks. From
1996, 677 frogs were housedin eachof the five indoor enclosures.

A before-and-after study in 200672012 in Victoria and New South Wales,
Australia (2) found that husbandry interventions such as providing playing
recorded mating calls, separating sexesduring the non-breeding period, along
allowing females to gain significant weight before the breeding period, and
providing mate choice for females increased clutch size and decreased egg
mortality in captive southern corroboree frogs Pseudophryne corroboree
although no statistical tests were carried out. At Melbourne Zoofrom 200672009
no recorded mating calls were played, (average clutch size: 17; egg mortality:
91%). A recorded tape of mating calls was installed and playedin 2010 (average
clutch size: 20; eggmortality: 78%), 2011 (averageclutch size: 40; eggmortality:

55



70%) and in 2012 (averageclutch size: 46; eggmortality: 27%). At Taronga Zoo
arecorded tape of mating calls was installed and played in 2010 (averageclutch
size: 80; egg mortality: 72%). In 2011, recorded mating calls were not used
(average clutch size: 70; egg mortality: 25.5%). In 2012, recorded mating calls
were played (average clutch size: 54; egg mortality: 28%). The tape was played
for 15 minutes of each hour from 1800 to 2200 hours and was audible to the
frogsin all tanks.
(1) Birkett J., Vincent M. & Banks C. (1999) Captive management and rearfighe roseate
frog, Geocrinia roseaat Melbourne ZooHerpetofaung 29, 4956.
(2) McFadden M., Hobbs R., Marantelli G., Harlow P., Banks C. & Hunter D. (2013) Captive
management and breeding of the Critically Endangered southern corroboree frog

(Pseudophrpe corrobore@ [Moore 1953] at Taronga and Melbourne Zoo®mphibian &
Reptile Conservatiorb, 70z87.

2.21. Allow female mate choice

1 One replicated study in Austi@liad that frogs only bred after females carrying
eggs were introduced to males, sex ratomavepulated, enclosures were
temporarily flooded, recorded mating calls were played, and after being moved to
an indoor enclosure which used-suimigrate filtration and various types of
substrate.

1 One replicated, befangafter study in Austfaitaind that clutch size of frogs
increased when female mate choice was provided, alongside playing recorded
mating calls, sexes being separated in 4veethng periods, and allowing
females to increase in weight before breeding.

Background

Female matechoice has been observed in captivity, with possible factors that are
selected including call frequency, territory size or type and body size. By
providing multiple males or moving females around enclosures, choice and the
probability of compatibility is i ncreased.

Areplicated, before-and-after study in 199471996 of roseate frogs Geocrinia
roseaat Melbourne Zoo, Australia (1) found that fertile eggswere only laid after
females carrying eggs were introduced to males, recorded mating calls were
played, sex ratios were manipulated, and frogs had been moved to an indoor
enclosure with trickle water filtration, as well as a mix of organic substrate,
temporary flooding of enclosures.The only fertile spawning occurred in spring
1996, which contained 25 eggs,but they were destroyed by fungus. From 1994-
1995 , two male and three sub-adult frogs were housed in two outdoor tanks
(120 x 60 x 60 cm) with a sub-surface water depth 50-100mm. Males called
when they were in outdoor enclosures,but fertile eggswere not produced until
animals were moved to indoor tanks. From 1996, 627 frogs were housedin each
of the five indoor enclosures.

A replicated, before-and-after study in 200672012 in Victoria and New
South Wales, Australia (2) found that husbandry interventions such as
introdu cing females carrying eggs to males, allowing female mate choice,
separating sexes during the non-breeding period, allowing females to gain
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significant weight before the breeding period, and playing recorded mating calls,
increasedclutch size and decreasedeggmortality in captive southern corroboree
frogs Pseudophrynecorroboree,although no statistical tests were carried out. At
Melbourne Zoo from 200672009 females were kept in the same breeding
enclosure for the seasonand not moved (average clutch size: 17; egg mortality:
91%). In 2010, femaleswere moved between two breeding enclosures(average
clutch size: 20; egg mortality: 78%). In 2011, no female moves are reported,
(average clutch size: 40; egg mortality: 70%). In 2012, females were moved
between breeding tanks (average clutch size: 46; egg mortality: 27%). At
TarongaZooin 2010, the three largest femaleswere moved into other breeding
tanks mid-season (average clutch size: 80; egg mortality: 72%). Movement of
femalesis not reported for 2011 (averageclutch size: 70; eggmortality: 25.5%),
or 2012 (averageclutch size:54; eggmortality: 28%).
(1) Birkett J., Vincent M. & Banks C. (1999) Captive management and rearing of the roseate
frog, Geocrinia roseaat Melbourne ZooHerpetofaung 29, 49-56.
(2) McFadden M., Hobbs R., Marantelli G., Harlow P., Banks C. & Hunter D. (2013) Captive
management and breeding of the Critically Endangered southern corroboree frog

(Pseudophryne corroboredMoore 1953] at Taronga and Melbourne Zoo#Amphibian &
Reptile Conservation 5, 7¢87.

Changing the diet of adults

2.22. Vary food provision to reflect seasonal availability
in the wild

1 No evidence was captured for the effects of varying food provision to reflect
seasonal availability in the wild.

Background

Foodavailability may vary considerably for wild amphibians across seasons with
consequences for body condition and therefore reproduction. By reflecting this
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2.23. Formulate adult diet to reflect nutrit ional
composition of wild foods

1 No evidence was captured for the effects of formulating diet to reflect nutritional
composition of wild foods.

Background

A diet similar to that of wild amphibians may be beneficial in captive scenarios;
providing vitamins and nutrients while stimulating natural feeding behaviour.
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2.24. Supplement diets with vitamins/ calcium fed to prey
(e.g. prey gut loading)

1 No evidence was captured for the effects of supplementing diets with vitamins/
calcium fed to prey (e.g. prey gut Joading

Background

In captivity, amphibian diets are often dramatically simplified, and prey items
are often those that can be bred cheaply and efficiently in captivity. By feeding
prey a diet rich with vitamins or nutrients (gut loading) before they are fed to
amphibians, nutritional deficiencies could be avoided.

In captivity, metabolic bone disease can be an issue in amphibians. It develops as
a result of an imbalance of vitamin D3, phosphorous and calcium. Amphibians
cannot process calcium without vitamin Dwhich is activated by ultraviolet light.
Health problems may affect reproduction in captive animals.

2.25. Supplement diets with vitamins/ calcium applied to
food (e.g. dusting prey)

1 No evidence was captured for the effects of supplementing diets with vitamins/
calcium applied to food (e.g. dusting prey)

Background

In captivity, amphibian diets are often dramatically simplified, and prey items
are often those that can be bred cheaply and efficiently in captivity. By dusting
prey with vitamins or nutrients, nutri tional deficiencies could be avoided.

In captivity, metabolic bone disease can be an issue in amphibians. It develops as
a result of an imbalance of vitamin D3, phosphorous and calcium. Amphibians
cannot process calcium without vitamin D, which is activai by ultraviolet light.
Health problems may affect reproduction in captive animals.

2.26. Supplement diets with carotenoids (including for
colouration)
1 One study in the USdund that adding carotenoids to fruit flies fed to frogs

reduced the number of clutches increased the number of tadpoles and
succesful metamorphs.

Background

In captivity, amphibian diets are often dramatically simplified, and prey items
are often those that can be bred cheaply and efficiently in captivity. By providing
amphibians with prey that have been in reared on a substrate dusted with
carotenoids, which may not naturally be present in the prey, nutritional
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deficiencies could be avoided. Carotenoids are found in the yolk of eggs, and are
thought to improve neonate health.

A replicated, before-and-after study in 2009-2012 in Louisiana, USA (1)
found that covering the rearing area (media) of prey fruit fly with carotenoid
supplements increased the rate at which tadpoles successfully completed
metamorphosis when fed to Strawberry poison frogs Oghagapumilio compared
to a diet of flies not supplemented with carotenoids. Pairs produced fewer
clutches on the supplemented diet (average per pair: 14) compared to the
unsupplemented diet (8), however, they produced more tadpoles
(unsupplemented: 3; supplemented: 6) and more metamorphs
(unsupplemented: 1; supplemented: 3). From August2009 to January2011 fruit
flies were reared in conditions similar to commercially reared flies, from
February 2011 to November 2012 the rearing media was augmerted with
carotenoid supplementsRedphaffia yeast,powdered marine algaeand Spirulina.

Thefruit flies were then fed to 50 male and 52 female poison frogs.
(1) Dugas M.B., Yeager J. & Richatdawaki C.L. (2013) Carotenoid supplementation
enhances reproductive success in captive strawberry poison frogsqophaga Pumili.
Zoo Biology 32, 655658.

2.27. Increase caloric intake of females in preparation for
breeding

1 One replicated, befangafter study in Austfaicand that clutch size of frogs
increased when fdes increased in weight before breeding, as well as having
mate choice, recorded mating calls, and sexes being separated in the non
breeding periods.

Background

In the wild, females are thought to consume large amounts of prey prior to the

breeding seasonand during seasonal increases of prey availability. This may act
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breeding season and egg laying.

A before-and-after study in 2009z2012 in New South Wales, Australia (1)
reported that allowing female captive southern corroboree frogs Pseudophryne
corroboree to gain significant weight before the breeding period, along with
separating sexes during the non-breeding period, providing mate choice for
females and playing recorded mating calls increased clutch size and decreased
egg mortality, although no statistical tests were carried out. At Melbourne Zoo
from 2009 to 2010 femaleswere fed a normal diet before the breeding season,
average female weight was 2.8g (range: 1.8z3.79) and average clutch size was
17z20/female, with 70792% egg mortality. In 2011, females were fed more
intensively for a further 16 days after the overwintering period, before being
intr oducedto the males.The averagefemale masswas 3.4g (range 2.7z4.0g) and
clutch size was 40 with 70% egg mortality. In 2012, females were again
separaed from the malesto be fed more intensively for 14 days. The average
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female weight was 3.6g (range: 2.974.69) and averageclutch size was 46, with

27% eggmortality.

(1) McFadden M., dbbs R., Marantelli G., Harlow P., Banks C. & Hunter D. (2013) Captive
management and breeding of the Critically Endangered southern corroboree frog
(Pseudophryne corroborggMoore 1953] at Taronga and Melbourne Zoo®Amphibian &
Reptile Conservation 5,70z87.

Manipulate rearing conditions for young

2.28. Formulate larval diets to improve development or
survival to adulthood

1 One randomized, replicated, controlled study i thend3#at tadpoles had
a higher body mass and reached a more advancedehtakestpge when fed
a control diet (rabbit chow and fish food) or freshwater algae, compared to those
fed pine or oak pollen. Tadpoles fed only pine or oak pollen did not undergo
meamorphosis.

1 One randomized, replicated study in Pértughthat dpoles reared on a diet
containing 46% protein had higher growth rates, survival and body weights at
meaamorphosis compared to diets containing less protein.

Background

In captivity, amphibian diets are often dramatically simplified. By mimicking a
wild diet, nutritional deficiencies could be avoided.

A randomized, replicated, controlled study in 1996 in Tennessee USA(1)
found that tadpoles of upland chorus frogs Pseudacridriseriata feriarum had a
higher body massand reacheda more advanceddevelopmental stagewhen fed a
control diet (rabbit chow and fish food) or freshwater algae,comparedto those
fed pine or oak pollen. Tadpoles fed only pine or oak pollen showed similar
survival to the end of the experiment to those fed control or algaediets (at least
48 of 50 tadpoles survived per diet). However, tadpoles on the pine and oak
pollen diets were unable to undergo metamorphosis. Average body mass was
significantly higher at Day 18 and 27 for control diet and freshwater algae
comparedto pine or oak pollen (data reported as statistical model results). The
development stage (Gosner scale) reached at Day 36 also differed: control diet
(stage 40), freshwater algae (stage 38), oak pollen (stage 28) and pine pollen
(stage 27). The control diet consisted of Purina rabbit chow pellets and flaked
fish food (ratio 3:1). Pine and oak pollen are found naturally in the temporary
pondsin which upland chorus frogs breed. Ten tadpoleswere randomly assigned
to each of twenty containers for five replicates of each diet. An additional 12
feeding treatments were carried out to test the effect of presenting the different
diets sequentially over four nine-day periods.

A randomized, replicated study in 2009-2013 in Portugal (2) found that
rearing natterjack toad Epidalea calamita tadpoles on a diet containing 46%
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protein had higher survival, increasein body weight over time, and body weights
at onset of metamorphosis compared to diets containing less protein. Tadpoles
fed the highest protein content diet had significantly greater survival (46%
protein: 19 of 25; 38% protein: 10 of 25; 32% protein: 15 of 25), increasein
body weight (46% protein: 677%; 38% protein: 564%; 32% protein: 461%),
and body weight at metamorphosis (46% protein: 0.10g; 38% protein: 0.09g;
32% protein: 0.09g). Tadpoles on the high protein diet also had significantly
longer bodies and shorter tail fins (mean values not reported). Metamorphs on
the high protein diet had significantly longer bodies,wider headsand wider hind
legs (mean values not reported). However, there was no significant difference in
tadpole total length (mean values not reported) or metamorph body weight
(46% protein: 0.08g; 38% protein: 0.07g; 32% protein: 0.07g). Individually
housed tadpoles were randomly allocated to three groups of 25 each and fed
commercial diets with 46%, 38% or 32% protein content. A randomized block

designwas usedwith onereplicate of eachdietary treatment within every block.
(1) Britson C.A. & Kissel R.E (1996) Effects of food type on developmental charactécisof
an ephemeral pondbreeding Anuran,Pseudacris triseriata feriarum. Herpetologic®?2, 3,

374-382.
(2) MarEins F.M.S, Oom M.M, Rebelo R. & Rosa G.M (20}3) Differentigl effects of dietary 3 )
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calamita) tadpoles reared in captivity.Zoo Biology32, 457- 462.

2.29. Leave infertile eggs at spawn site as food for egg -
eating larvae

1 No evidence was captured for the effects of leaving infertile eggs at spawn site as
food for eggating lare.

Background

Some species of amphibian feed on infertile eggs in their first weeks of life at the
spawn site. By leaving these eggs in the enclosure, some tadpoles may flourish.
By mimicking a diet tadpoles may experience in the wild, nutritional defiencies
could be avoided.

2.30. Manipulate humidity to improve development or
survival to adulthood

1 No evidence was captured for the effects of manipulating humidity to improve
development or survival to adulthood.

Background

Amphibian larvae may be more sensitig to dry conditions than adults, due to
decreased mobility affecting access to other areas. By finding a humidity level
which is suitable, tadpole survival may increase.
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2.31. Manipulate quality and quantity of enclosure
lighting to improve development or surviv al to
adulthood

1 No evidence was captured for the effects of manipulating quality and quantity of
lighting to improve development or survival to adulthood.

Background

By providing adequate light levels during the development period of amphibians,
skeletal deformities, which result from metabolic bone disease, could be avoided,
increasing survival and improving health.

2.32. Manipulate temperature of enclosure to improve
development or survival to adulthood

1 One replicated study in Spaimd that salamander &ivad higher survival
rates when reared at lower temperatures.

1 One replicated study in Gedraogd that the growth rate and development
stage reached by harlequin toad tadpoles was faster at a higher constant
tempeaature rather than a lower and vaatm wemperature. eOreplicated
study in Austrdlimund that frog tadpoles took longer to reach metamorphosis
when reared at lower temperatures.

1 One replicated, controlled study4folrad that developing eggs reared within a
temperature range o5%2C had higher survival rates, higher growth rates and
lower abnormalities than those raised outside of that range.

Background

Amphibian larvae may be more sensitive to hot or cold conditions than adults,
due to decreased mobility affecting access to o#h areas. By finding a
temperature range which is suitable, tadpole development may improve or
survival may increase.

A replicated study in 1994-2004 in Spain (1) found that larvae of fire
salamanders Salamandra salamandra had higher survival rates with a low
temperature and food three times per week comparedto a higher temperature
and food three times or once per week. No larvae on a high temperature-low
food frequency treatment survived to metamorphosis. Larvae on high
temperature-high food frequency diets had a significantly lower survival (72%)
than those on low temperature-high food frequency treatment (98%) and low
temperature-low food frequency treatment (98%). Recently born larvae were
kept at one of two temperature treatments, 20z25°C (high temperature) or 157
18°C (low temperature) under a 12h:12h light-dark regime. Larvae were fed to
near satiation either once a week (low food frequency) or three times a week
(high food frequency) with frozen chironomid worms. This scheduledefined four
treatments: high temperature-high food, high temperature-low food, low
temperature- high food, and low temperature-low food.
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A replicated study in 200872011 in Cologne,Germany (2) found that the
growth rate and development stage reached by harlequin toad Atelopus
flavescendarvae was faster at a higher constanttemperature rather than alower
and varied water temperature, although no statistical tests were carried out.
Tadpoles kept at a steady temperature of 24°C reached development stage
(Gosner scale) 41 (which includes increasesin length, mouthpart development
and disappearanceof the tail) in 100 days.Thosekept at varying temperatures of
22-24°C took longer to reach the same stage (106-130 days). Delayed
metamorphosis may be beneficial or detrimental to survival depending on the
relative risk associatedwith different habitats. The tadpoles were from two
reproduction eventsin December2010 and January2011.

A replicated study in 1998 of captive great barred frogs Mixophyes
fasciolatus at Melbourne Zoo, Australia (3) found that tadpoles took longer to
reach metamorphosis when kept at lower temperatures. Lower temperatures
resulted in later metamorphosis (16-20°C:120z132 days; 18-22°G 80 days; 197
22°C: 99z108), although no statistical tests were carried out. Delayed
metamorphosis may be beneficial or detrimental to survival depending on the
relative risk associatedwith different habitats. Five groups of 75 tadpoles were
housedin five separate tanks, two groups kept at kept at 19-22°C,two groups
kept at 16-20°C,and one group kept at 18-22°C.

A replicated study in 2014 in Shiraz,Iran (4) found that developing eggsof
green frog Bufotesviridis had higher survival rates, higher growth rates and
lower abnormalities when reared in temperatures from 12 to 25°C,than those
reared outside this range. Survival at different temperatures was asfollows: 0°C
= 50%, 2°C = 60%, 8°C = 75%, 12-25°C = 95-100%, 30°C = 75%, 33°C = 65%,
37°C=50%, 40°C=0%. Embryosdeveloping at different temperatures (8, 15, 18,
25, and 30°Q) showed a significant difference in the time required to reach
development stage 25. At 8°C,eggshad developedto stage 25 after 280 hours,
but after only 52 hours at 30°C.In a separateexperiment, eggsreared at 0°Cand
40°C exhibited no development and no embryos survived. A thermostat-
controlled aquarium housed 18 chambers,starting with 150 eggseach,acrossa

temperature gradient with a heater at one end and a chilling unit at the other.

(1) Alcobendas M., Buckley D. & Tejedo M. (2004) Variability inival, growth and
metamorphosis in the larval fire salamander Salamandra salamandra Effects of larval
birth size, sibship and environmentHerpetologica 60, 232245.

(2) Gawor A., Rauhaus A., Karbe D., Van Der Straeten K., Létters S. & Ziegler T. (2012) |
there a chance for conservation breeding? Ex situ management, reproduction, and early
life stages of the harlequin toadAtelopus flavescenBumeéril & Bibron, 1841 (Amphibia:
Anura: Bufonidae).Amphibian & Reptile Conservation, 2944.

(3) Banks C., Birkettl., Young S., Vincent M. & Hawkes T. (2003) Breeding and management
of the great barred frog,Mixophyes fasciolatusat Melbourne ZooHerpetofaung 33, 212.

(4) Derakhshan Z. & Nokhbatolfoghahai M. (2015) Thermal tolerance limits and effects of
temperature on the growth and development of the green toadBufotes viridis.
Salamandra, 51, 129-136.

2.33. Manipulate larval density within the enclosure

1 A replicated study in the UsSénd that reducing larval density of spotted

sabmanders increased larval survivaloaly mass.
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Background

Some species of amphibian larvae are known to cannibalize other individuals in
the enclosure if animal density is too high. It is also thought that body mass could
be decreased when larvae are too densely housed.

Areplicated study in 2010 of spotted salamandersAmbystomamaculatumin
the USA (1) found that housing larvae at low densities resulted in bigger
salamanders,higher survival and lower stresslevels,similar to larvae in the wild.
At different larval densities there were significant differences in body mass
(6/tank: 1.8 g; 12/tank: 1.6 g; 30/tank: 0.9 @), survival (94%; 67%; 33%
respectively) and stresslevels (white blood cell ratios: 0.4;1.5; 2.2 respectively).
At medium larval densities, increased food or habitat complexity had no
significant effect on body mass(food: 1.4 g; environment: 1.7 g), survival (89%;
50% respectively), or stress levels (1.3; 0.7 respectively). Egg masseswere
collectedfrom the wild. Larvaewere reared in three replicates of five treatments:
starting densities of six, 12 or 30 larvae/1,000 | tank, increased food (12
larvae/tank with triple the zooplankton) or increased habitat complexity (tank
filled with sticks and refugia). All tanks had leaflitter on the bottom. Metamorphs

were weighed and blood sampledfor stresshormone levels.
(1) Davis A.K. (2012) Investigating the optimal rearing strategy foAmbystomasalamanders
using hematological stress indexHerpetological Conservation and Biology, 1, 95100.

2.34. Allow adults to attend their eggs

1 No eidence was captured for the effects of allowing adults to attend their eggs.
Background

Some amphibian parents defend their clutches, carry them on their backs or
directly nurse their young (caecilians). By providing the right conditions for
these speciesto carry out natural parenting behaviour it may be possible to
increase tadpole survival.

Artificial reproduction

2.35. Use hormone treatment to induce sperm and egg
release

For summarisedevidenceseeSmith, R.K.and Sutherland,W.J.(2014) Amphibian
consevation: Globalevidencédor the effectsof interventions Exeter,Pelagic
Publishing.
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Key messagesand summariesare available here:

http://www.conservationevidence.com/actions/883

2.36. Use art fificial fertilization in captive breeding

For summarisedevidenceseeSmith, R.K.and Sutherland,W.J(2014) Amphibian
conservation:Globalevidencefor the effectsof interventions Exeter,Pelagic
Publishing.

Key messagesand summariesare available here:

http://www.conservationevidence.com/actions/834

2.37. Use artificial cloning from frozen or fresh tissue

1 No evidence was captured for the effects of using artificial cloning from frozen or
fresh tissue.

Background

Conservation breeding programmes are being used more frequently for

threatened amphibian species. However, captive breeding often results in loss of

genetic variation. This can mean that animals that were bred for release back in
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eggs or tissue, allows them to be stored until they are needed. Gene banks can
OEAOAZEZI OA AA AOAAOCAA &I O Ai PEEAEAT O AT OOOE
preserved. It also neans that the number of a particular species needed in

captivity can be reduced and genes can be swapped between captive facilities.

Cloning is the pocess whereby organisms are artificially produced with identical

genetic material to the single ancestorrbm which a tissue sample has been

preserved. This tetinique could be used to produce clones of individuals from

threatened or even extinct amphibian species for use in captive breeding or
reintroduction projects.

2.38. Freeze sperm or eggs for future use

For summarisedevidenceseeSmith, R.K.and Sutherland,W.J(2014) Amphibian
conservation:Globalevidenceor the effectsof interventions Exeter,Pelagic
Publishing.

Key messagesand summariesare available here:

http://www.conservationevidence.com/actions/876
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3. Species management: ESitu conservatiorg, Interventions
in reference to feeding captive carnivores to improve
health and welfare.

Author: Lydia Timbrell

Background

Carnivores in thewild hunt or forage for their survival. In captivity, the ability to
express such behaviours may be lost over time, and sometimes abnormal
behaviours become prevalent, altering their natural behavioural repertoire and
affecting their health and welfare (Bashaw et al. 2003). Adequate captive
environments along with an appropriate husbandry routine can encourage
foraging or hunting behaviours as well as reduce abnormal behaviours such as
stereotypical pacing. Not only this, the loss of innate behaviours callreduce
conservation efforts made by zoos, where the possibility to eventually release
captive species back into their natural environment needs to be maintained. For
example, wild cheetahs Acyninox jubatu$ chase small antelope and other prey
at high speeds and consume skin, bones and cartilag&here is increased
recognition that such parts of the carcass have an important role for strict
carnivores (Depauw et al. 2012). In captivity, cheetahs are regularly fed a
commercial or meat only diet, which is pesented in bowls or thrown into the
enclosure, limiting both the behavioural repertoire as well as the fulfilment of
dietary requirements. Separately or combined, these limitations could have a
detrimental effect on the health and welfare of the animal. [ferefore, efforts
should be made by zoos to encourage the use of feeding interventions that
promote positive behavioural and physiological functions in captivity as shown
by animals in the wild.

Bashaw, M.J, Bloomsmith, M.A., Marr, M.J., Maple, T.L. 2003Hunt or not to hunt? A feeding
enrichment experiment with captive large felidsZoo Biology 22, 189198.

Depauw S., Bosch G., Hesta M., WhitehoUssld K., Hendriks W.H., Kaandorp J., Janssens G.P.J.
2012. Fermentation of animal components in strict canivores: A comparative study with cheetah
fecal inoculum.Journal of Animal Scien¢®0,2540-2548.
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Key message 9 Dietandf ood type

Feed commercially prepared diets

One replicated, beforand-after study in the USA found that providing a commnial
diet to maned wolves led to similar dry matter intake and digestibility despite having
lower protein content.

One replicated, randomized study African wildcats in the USAund that feeding a
commercial diet decreased crude protein digestibiatyd increased food intake and
faecal output compared to raw meat. One controlled studyAfrican wildcats in the
USAfound lower organic matter digestibility compared to a grotstdcken diet.

One replicated, entrolled study in South Africdound that cteetahs fed a
commercial diet had a similar likelihood of developing gastritis as those fed horse
meat, lower levels of blood protein urea but higher levef creatine. One study in
USAfound that cheetahs fed a commercial meat diet or whole chicken csesasad
plasma aocopherol, retinol and taurine concentrations within the ranges
recommended for domestic cats.

Feed whole carcasses (with or without organs/gastrointestinal tract)

Two replicated, beforandafter studies in the USAound that feeding wble
carcasses reduced pacing levelslions, leopards, snow leopards and cougars
However, it increasd pacing in tigers

One replicated, randoméd, controlled study in Denmarfound that when fed
whole rabbit, cheetahs had lower blood protein urea, zamad vitamin A levels
compared to supplemented beef. One replicated befarelafter study in Denmik
found that feeding whole rabbit showed lower levels of inflammgtdowel
indicators in cheetahs

One replicated, randomized study and one controlled gtudthe USA found that
when fed whole 1o 3 day old chickens, ocelotsd lower digestible energy and fat
compared to a commeial diet and African wildcatisad had lower organic matter
digestibility compared to a grounchicken diet.

Provide bmes, hide or partial carcasses

One replicated, b®re-and-after study in the USAand one replicatd, controlled
study in Finlandfound that the provision of bones decreased the frequency of
stereotypic behaviours in lions, tigers and Arctic foxes

Two replicated,before-and-after studies of felidsand red foxes in the USA and
Norwayfound that the provision of bones increasadtivity and manipulation time
Feed plantderivedprotein

One replicate, randomized, controlled studgnd me replicated, controlled studin
the USA found that a plasderived protein diet increased digestible egg and dry
matter digestibilitybut decreased mineral retéion and plasma taurine level®
maned wolves compared to a (supplemented) anilpaded protein diet.

Supplement meabased diets with prebiotic plant material to facilitate digestion
One repicated, beforeand-after study in India found that providing Jerusalem
artichoke as a supplement increased two types of gut microbiota, faecal scores and
moisture content in leopards.

Supplement meabased diet with vitamins or minerals

No evidence was captured for the effect of supplementing rieseged diets with
vitamins or minerals on captive carnivores

Supplement meabased diet with amino acids
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One replicated, befre-and-after, gudy in the USAfound that supplementing an
animatprotein diet with taurine, increased plasma taurine levels in maned wolves.
Supplement meabased diet with fatty acids

No evidence was captured for theffect of supplementing diets with fatty acider

the benefit of captive carnivores

Increase variety of food items

No evidence was capturefr the effect of increasing the variety of food iterfar

the benefit of captive carnivores

Key Messages 0 Food presentation and enrichment

Hide food around enclsure

Four replicated, beforandafter studies m the USA, UK and Germany and one
before-and-after study of black bears, leopard cats, bush dogs, maned walves
Malayan sun bears found that hiding food increased exploramgl foraging
behaviours.

One repicated, beforeand-after study and one befe-and-after study in the USA
found a decrease in stereotypical pacingeopard cat@and black bear.

One beforeand-after studyin the USA found that hiding food reduced the time
Canadian lynx spent sleepingrihg the day.

Change location of food around enclosure

One replicated, bre-and-after study in Irelandound that altering the location of
food decreased pacing behaviours in cheetahs.

One bdore-and-after study in the USAound that altering the locatin of food
alongside altering the time of feeding increased exploring/foraging behaviour in
black bears.

Scatter food around enclosure

One replicated, bfore-and-after study in Brazilfound that scattered feeding
increased locomotion in maned wolves.

One eplicated study in Brazfbund that maned wolves spent more time in the
section of their enclosure with scattered food than in a section with food on a tray.
Present food in/on water

No evidence was captured ftine effects of presenting food in/on watem captive
carnivores.

Present foodrozenin ice

Two replicated, befor@nd-after studies in the USfound that when presented with
food in frozen ice, abnormalr stereotypicbehaviours decreased and activity levels
increased in bears and felids

One repicated, bdore-andafter study in the USAfound that manipulation
behaviours increased in lions, whereas a replicated study in the USA found that
manipulation behawurs decreased in grizzly bears

Provide food inside objects (e.goomer balk)

Two befge-and-after studies in Germany and Indfaund that exploratory and
foragingbehavours increased and stereotypibehaviours decreased inath bears
and spectacled beamshen presented with food inside objects.

One bdore-andafter study in the USAound that exploring/foraging behaviours
decreased in a sloth bear when presented with food inside objects.
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One replicated study in the USHund that grizzly bears spent a similar time
manipulating food in a box and freely available food.

Provide live vertebrag prey

Onesmallbefore-and-after study in the USA found that hunting behaviour increased
and sleeping decreased when a fishing cat was provided with live fish.

One replicated, beforand-after study in the USA found that there was no change in
the occurrence of stereotypical behaviours in tigers when provided with live fish.
Provide live invertebrate prey

One replicated study in the USH#und that provision of live prey increased
explorative behaviours in fennec foxes compared to other types of enrichment.
Provide devices to simulate live prey, including sounds, lures, pulleys and bungees
Two befoe-and-after studies in the USA and the Wkund that activity leels and
behavioural diversityncreased in felids when presemtevith a lure or pulley system
Ore replicated, béore-and-after study in the USAound that pacing behaviour
decreased and walking increased in cougars, but pacing initially increased in tigers,
when provided with a carcass on a bungee.

Use foa as a reward in animal training

No evidencewas captured fothe effects ofusing food as a reward in animal training
for captive carnivores.

Key Messages 0 Feeding Schedule

Provide food on a random temporal schedule

Three replicated,before-and-after studiesand one replicated, controlledgstudy
found that an unpredictable feeding schedule reduced the frequency of stereotypic
pacing behaviows in tigers and cheetahs

One replicated, bere-andafter controlled studyin the USA found that an
unpredictable feeding schedule increased territorial babawin coyotes but did not
affect travelling or foraging.

Two beforeand-after studies in Switzerland and the USAound that an
unpredictable feeding schedule increased behavioural diversity in red foxes and
alertness in a blacfooted cat.

Allocate fag days

One repicated, beforeand-after studyin the UK found that large felids fed once
every three days paced more frequently on Aeeding days.

Alter food abundance or type seasonally

No evidence was captured for the effects of providing food abundamc type
seasonallyn captive carnivores

Provide food during natural active periods

No evidence was captured for the effects of providing food during natural active
periodson captive carnivores

Use automated feeders

No evidence was captured for thefefts of using automated feedersn captive
carnivores

Alter feeding schedule according to visitor activity
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No evidence was captured for the effects of altering feeding schedule to visitor
activity on captive carnivores

Provide food during visitor expegnces

No evidence was captured for the effects of feegliduring visitor experiencesn
captive carnivores

Key Messages 0 Social feeding

Feed individuals separately

No evidence was captured for the effects of feeding individuals separm@etaptive
carnivores

Feed individuals within social group

No evidence was captured for the effects of feeding individuals within a social group
on captive carnivores.

Handfeed

No evidence was captured for the effects of hedrddingon captive carnivores

Specie s Management: Diet and food type

3.1 Feed commercially prepared diets

1 One replicated, befanglafter study in the Y%#und that providing a commercial
diet to maned wolves led to similar dry matter intake and digestibility despite having a
lower protein rent.

1 One replicated, randomized study of African wildcats JrfotinedtiStAfeeding a
commercial diet decreased crude protein digestiinititgasadiood intake and
faecal output compared to raw @eatcontrolled study of African wittteds
USAfoundower organic matter digestibility compared to-ehgrkemdliet

1 One replicated, controlled study in SoutHoAintahatheetahfed a commercial
diethad a similar likelihood of develgastgdtis as those fed horse rueet,
levels of blood protein igahighdevels of creati@nestudy in USAound that
cheetahded a commerciaheat diebr wWole chicken carcasses plagma a
tocopherol, retinol and taurine concentrationthevigimges recommended for
domesti cats.

Background
Nutritional requirements of many exotic species are often unknown and
therefore are commonly based on the nearest domestic relative. However, felids
and canids typically eat many different parts of carcasses in the wild. Therefore,
feeding a commercial diet may reduce the health risks to keepers and animals
compared to handling raw meat but may not meet the nutritional needs of the
animal. ldentifying the digestibility and faecal or blood nutrient content may
indicate the appropriateness of the diet in reference to the digestive health of the
animal.

A study in 1988 of cheetahsAcinonyx jubatusn 13 institutions in the USAJ[1]
found that when fed canmercial food (supplemented minced meat productsor
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whole chicken carcasses, plasma -tacopherol, retinol and taurine
concentrations were within rangesrecommendedfor domestic cats Seven of 13
facilities maintained one fasing day per week, one had two fastg days per
week and the others fed cheetahs daily. Thirteefacilities within the USA were
surveyed for diet quantity, feeding schedule dietary changes during lactation
and body mass/condition. This was in conjunction with chemical analysief 19
diet samples fed as well as blood analysis of 88 cheetahs across the facilities.

A replicated, before-and-after study in 199071991 of maned wolvesChrysocyon
brachyurus in a research facility in the USA [2] found that when fed diet
containing commercial pellets, dry matter feed intake and digestibility were
similar compared to a high mat and fruit-based dig¢ despite a lower protein
content. Dry matter intake was similar on the commercial diet compared to the
high fruit and meat diet (584 vs 389 g per 30 kg of body mass per day) as was
digestibility (73 vs 77%) whereas the metabolisableenergy derived from protein
was lower (28.6 vs 36.4%). Excess dietary protein is associated with the renal
disorder cystinuria in maned wolves.Feed intake was monitoredfor three days
in two individually housed wolves andone breeding pair housed togethetbut fed
separately, for the high meat and fruit diet and for two breeding pairswhere
feed intake was combined for the commercial diet The high meat and fruitdiet
consisted of whole rats (575 g per 30 kg of body mass per day) fed in the
morning and amixed feed of frozen meat mixpread, rice, oatmeal and fruitfed
in the afternoon. For the commercial diet, rats were reduced (50 g) and the
afternoon mixed feed consisted of frozen meat mix, rice and drycommercial
pellets for dogs. Three other diets weg also studied but without digestibility
being measuredFaecal samples were collected daily and dried for analysis.

A replicated, randomized study in2013 of African wildcats Felissilvestrislybica
in a zooin the USA[3] found that when fed a high potein commercial extruded
diet, crude protein digestibility was lower and food intake and faecal output
were higher compared to feeding a raw meat diet. Crude protein digestibility was
lower when consuming acommercial diet (84%) compared to a raw meat di¢
(92%). Food intake and fecal output were higher on a dry matter basiswhen fed
the commercial extruded diet(61.8 and12.9 g/d ay respectively) compared to a
raw meat diet (43.7 and 6.7 g/day respectively). There were no differences in
faecal scores, ammnia or fatty acid concentrations between diets and no
differences in the apparent digestibility of other nutrients, most blood metabolite
levels or nitrogen retention. If commercial diets are nutritionally similar to raw
meat diets then they may be prefaed to reduce the risk of pathogens. Fivadult
wild cats were fed a raw meat ora high-protein dry commercial extruded diet
and then switched to the other dietFood offered and refused was weighed daily.
Urine and faeces were collected in metabolism cage®8lood samples were
collected from anaesthetisedvild cats and serum metabolite was determined.

A replicated, controlled study in2012 of cheetahsAcinonyx jubatusn a wildlife
centre in South Africa [4], found that cheetahs fed commercial dry felinedd had
a similar likelihood of developing gastritiscompared to cheetahs fed horsemeat
and bone with supplemant. Cheetahs on the commercial diet had a daily hazard
of developing gastritis 2.2 times higher than cheetahs on the mebased diet
(gastritis grade 3 or above), although this difference was not significant. Serum
urea levels were lower (4.76 vs 19.15mmol/l itre) and creatine levels higher
(256.9vs 249.1umol/l itre) on the commercial compared to the meabased diet.
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Serum urea and creatine are gected to increase with renal disease. Fortgight
cheetahs which had a gastritis grade oess than3 and whose blood protein
creatine levels were below 300umol/l itre were studied. They were fed either 4
kg of horsemeat and bone, § of vitamin/mineral supplement and 20ml of fish-
oil supplement (n=26) or 500 g of commercial adult feline food(n=22) daily,
both diets included one whole eviscerated chicken twice a weeld concurrent
study comparing a meatbased diet with a commercial food formulated for real
disease in cheetahs diagnosed with gastritis and/or renal disease was
inconclusive. Gastritis was graded ® based on biopsies, with 9 being most
inflamed.

A small, randomized study in 2013 of African wildcatd-elis silvestris lybican a
zoo in the USA [5] found that canned, dry extruded and wholene to three day
old chicken diets had lower organic matter digestibility compared to a ground
chicken diet. Organic matter digestibility was lower when fed canned (87%),
extruded (86%) or whole chicks 85%) compared to a ground chicken diet
(94%). Canned and extruded diets met macronutrient and mineral
recommendations for domestic cat foods and tested negative for all microbes
whereas whole one to three day old chicken and ground chicken diets met
macronutrient requirements for domestic cats but were below recommendations
for some minerals and tested positive for potentially pathogenic
microorganisms. If commercial diets are nutritionally similar to raw meat diets
then they may be preferred to reduce theisk of pathogens. Four wildcats were
each fed four chickerbased diets: wholeone to three day old chickens, ground
chicken, canned commercial diet and extruded commercial diet. Wildcats were
fed daily on each diet for 16 days. Each diet was analysed aagdparent total
tract macronutrient digestibility was measured daily using food intake and faecal
output.

[1] Dierenfeld, E.S.1993. Nutrition of captive cheetahs: food composition and blood parameters.
Zoo Biology12, 143150.

[2] Barboza, P.S., Allen, B, Rodden, M., Projeta, K. 1994. Feed intake and digestion in the
maned wolf Chrysocyon brachyuru€onsequences for dietary managemento Biologyl3,
375381l

[3] Vester, B.M., Burke, S.L., Liu, K.J., Dikeman, C.L., Simmons, L.G., Swansod, K2t

of feeding raw or extruded feline diets on nutrient digestibility and nitrogen metabolism of
African wildcatgFelisybica).Zoo Biology29, 679-686.

[4] Lane, E.P, Miller, S., Lobetti, R., Caldwell, P., Bertschinger, H.J., Burroughze RA. Kean
Dyk, A. 2012. Effect of dienahe incidence of mortality oing to gastritis and renal disease in
captive CheetahsAtinonyx jubatusin South AfricaZoo Biology31, 669-682.

[5] Kerr, K.R., Morris, C.L., Burke, S.L., Swanson, K.S.2048rAdptal tract macronutrient
and energy digestibility of-o 3-day old whole chicks, adult ground chicken, and extruded and
canned chicketibbased diets in African wildcatBdlis silvestigybicg). Zoo Biology32, 510-517.
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3.2 Feed whole carcasses (with or without
organs/gastrointestinal tract)

1 Two replicated, befanglafter studies in the WSfound that feeding whole
carcasses reduced pacing levels in lions, leopards, snowahebgaredsis
However, it increased pacing irf.tigers

1 One replited, randomized, controlled study in Ddomatkthat when fed whole
rabbit, cheetahs had lower blood protein urea, zinc and vitamin A levels compared to
supplemented beef. One replicated-dredafter study iBenmafkfound that
feeding whole rablshowed lower levels of inflammatory bowel indicators in
cheetalts

1 Onereplicated, randomizstidy and one controlled $indthe USA found that
when fed whaleto 3 day olthickens, oceldtsad lower digestible energy and fat
compared to a comeradrdiet and African wilddas had lower organic matter
digestibility compared to a gichiokien diet.

Background

For most carnivorous species, whole carcasses, including bones, skin and
cartilage are a large part of their diet in the wild. These pts of the carcass help
facilitate digestion of many species, including cheetah@®epauw et al. 2012);
they also include essential vitamins, minerals and amino acids which are not
always present in commercial or meat only diets. Furthermore, carcasses rage
more manipulation before and whilst consuming, potentially allowing more
natural feeding behaviours.

Depauws., Bosch G., Hesta M., Whitehodssdd K., Hendriks W.H., Kaandorp J., Janssens G.P.J.
2012. Fermentation of animal components in strict caones: A comparative study with chad
fecal inoculumJournal of Animal Scienc@0,2540-2548.

A replicated, beforandafter study in 2002 of snow leopardanthera uncia,
leopardsPantherapardusandlions Panthera lean three zoos in the USA [Tpund
that when fed large carcasses, the frequency okxdfibit feeding and natural
behaviours increased and stereotypic behaviours decreased compared to when fed a
commercial meabased diet (mean values not reported). There were no differences in
thee behaviours on exhibit although hiding behaviour increasedxbibit after
carcass feeding. Nine felids were fed intact, eviscerated calf carcassexhiDit
behaviour was recorded using a video camera starting immediately prior to provision
of food. Twenty-four instantaneous scan samples were recorded over two hours per
individual. Each animal received a carcass once every two weeks between 16.30 h and
17.00 h on scheduled days. -@xhibit behaviour was recorded by direct observation
four times a daysing instantaneous scan sampling every minute for ten minutes at
each exhibit in 1.15 h rounds. Exhibit order was randomly selected.

A replicated, randomized, study in 1994 of ocelatspardus pardés in threezoos

in the USAJ2], found thata diet ofwhole weekold chickens wasower in digestible
energyand fat comparetb commercial felie diet, whole mice, rat, rabbit, qualil

and lower in dry matter digestibility compared to whole rabbit and quail. die&se

were no other differences in eneydgt or protein digestibility between diets (mean
values not reported). The diets did not differ in macronutrient content. Whole prey
items may be more suitable for enrichment or supplementary feeding if their lower
digestibility decreases the risk of afeeeding.Six ocelots inliree zoos were fed once
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daily using six experimental dieta:commercialfeline diet, adult mice, immature
rabbits, immature rats, weektd domesticchickers and adult quailEach ocelot
received each diet foii B trials in a randm order.

A replicated, randomized, controlled study in 2012 of cheeA@h®onyx jubatusn
a safari park in Denmark [3], found that when fed whole rabbit, cheetahs had lower
daily mean urea and zinc and higher vitamin A blood protein levels compared t
being fed a supplemented beef diet. Cheetahs had a lower daily mean urea (12.8
mmol/litre) and higher vitamin A (96 ug/dl) blood protein levels when fed whole
rabbit compared to being fed a supplemented beef diet (urea: 16.1 mmol/litre. vitamin
A: 70 ugdl). High levels of urea are potential indicator of chronic renal disease in
captive cheetahs, but excessive vitamin A can result in skeletal deformities. Fourteen
cheetahs, four housed individually and the rest group housed, were randomly assigned
eithera supplemented beef diet (1126 kg/day/animal of chunk beef with 10 g/kg of
multivitamin and mineral premix) or an tsupplemented whole rabbit diet (03%
kg/day/animal). The cheetahs were acclimated to their diets for three weeks before
blood samples wre taken. Blood samples were collected from ten of the cheetahs.
Three feed samples from both diets were collected for diet analysis.

A small, randomized study in 2013 of African wildcatg-elis silvestris lybican a
zoo in the USA 4] found that canred, dry extruded and wholeone to three day
old chicken diets had lower organic matter digestibility compared to a ground
chicken diet. Organic matter digestibility was lower when fed canned (87%),
extruded (86%) or whole chicks (85%) compared to a groundchicken diet
(94%). Canned and extruded diets met macronutrient and mineral
recommendations for domestic cat foods and tested negative for all microbes
whereas whole one to three day old chicken and ground chicken diets met
macronutrient requirements for domestic cats but were below recommendations
for some minerals and tested positive for potentially pathogenic
microorganisms. If commercial diets are nutritionally similar to raw meat diets
then they may be preferred to reduce the risk of pathogens. Four Mtats were
each fed four chickerbased diets: wholeone to three day old chickens, ground
chicken, canned commercial diet and extruded commercial diet. Wildcats were
fed daily on each diet for 16 days. Each diet was analysed and apparent total
tract macronutrient digestibility was measured daily using food intake and faecal
output.

A replicated, beforeand-after study in 2014 of cheetahsAcinonyx jubatusin a
safari park in Denmark [5] found that when fed whole rabbit, the cheetahs
exhibited lower faecd S100A12 (indicator of inflamed bowels) concentrations
compared to when fed a supplemented beef diet. When fed whole rabbit,
cheetahs had lower faecal S100A12 (301 ng/g) compared to a supplemented
beef diet (1671ng/g). There were no significant differenes between diet groups
for calprotectin or blood S100A12. Twelve cheetahs were part of a croswer
study which investigated the microbial fermentation of two diets. All cheetahs
were fed a supplemented beef diet prior to the investigation. The two diets
investigated were unsupplemented whole rabbit (2.5%3 kg diet/animal/day) or
beef (1.%Z1.6 kg diet/animal/day) supplemented with vitamin and mineral
premix (10 g/kg meat). Ten of the cheetahs were anaesthetised as part of a
routine veterinary procedure during the investigation and four blood samples
from cheetahs fed whole rabbit and six from cheetahs fed supplemented beef
were taken.
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A replicated, beforeand-after study in 2006 of tigers Panthera tigris and
cougarsFelis concoloiin a zoo in the USA [6found that when fed carcasses on a
bungee, pacing behaviour decreased and walking behaviour increased in
cougars, while the frequency of pacingnd other behaviours increased in tigers.
In cougars, pacing behaviours decreased (6%) and walking behaviourscreased
(6%) when fed a carcass on a bungee compared to pearichment (pacing: 32%,
walking 2.5%). 4 ECAOO OEi xAA Al ET AOAAOA EI
interactive, stalking and jumping) (15%) and pacing (8.5%) behaviours
compared to preenrichment (other: 11.5%; pacing: 4%). Faecal glucocorticoid
metabolites did not vary throughout the testing period. Fourfelids, housed in
pairs were fed a skinneddeer rump individually on a 120 cm bungee cord.
Behaviour was recorded every two minutesusing instantaneousscan sampling
over three hours, during pre and posttreatment. Prior to enrichment felids
were feed a routine commercial, supplemented diet Faecal samples were
collected once a week for four months prior to treatment and twice a week from
first tr eatment until one week after thesecondtreatment.

[1] McPhee, M, E. 2002. Intact Carcasses as Enrichment for Large Felids: EffectmarOiin
Exhibit BehaviourZoo Biology21, 37-47.

[2] Bennet, C.L., BootBinczik, S.D., Steele, S.R.E. 2010.ritidunal composition and
digestibility by OcelotsLeopardus pardaljsof whole animals and commercial dieZoo
Biology 29, 753-759.

[3] Depauw, S., Hesta, M., Whitehou$edd, K., Stagegaerd, Buyse, J., Janssens, G.P.J. 2012
Blood values of adultaptive cheetahgAcinonyx jubatusfed either supplemented beef or
whole rabbit carcasseZo0 Biology31, 629-641.

[4] Kerr, K.R., Morris, C.L., Burke, S.L., Swanson, K.S. 2013. Apparent total tract macronutrient
and energy digestibility of-1to 3-day old whole chicks, adult ground chicken, and extruded
and canned chickebhased diets in African wildcatBdlissilvestisybicg. Zoo Biology32, 510

517.

[5] Depauw, S., Heilmann, R.M, Whitehotisedd, K., Hesta, M., Steiner, J.M., Suchodolski, J.S.,
Jarssens, G.P.J. 2014. Effect of diet type on serum and faecal concentration of
S100/calgranulins in the captive cheetdburnal of Zoo and Aquarium Reseaizh3338.

[6] Ruskell, A.D., Melers, S.T., Jenkins, S.E., and Santymire, R.M. 2015. EffectesCBroags
Enrichment on Behavior anFecal Glucocorticoid Metabolites in Two Species ofldoosed
FelidsZoo Biology34, 170-177.

3.3 Provide bones, hides or partial carcasses

1 One replicated, befanglafter study in the U8Ad one replicated, oated study
in Finlaridfound that the provision of bones decreased the frequency of stereotypic
behaviours in lions, tigansl Arctic foxes

1 Two replicated, befanslafter studies of felidad red foxém the USAand
Norwadyfound that the pisien of bones increased attavitymanipulation time

Background

In captivity, mental and physical stimulation can be unfulfilled due to the limiting
environment. Many animals in captivity are fed unnatural food items that may
inhibit the expression of appetitive behaviours, this can cause a deterioration in
oral health and the expression of abnormal, repetitive behaviours as a coping
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mechanism. Providing items such as bones aims to promote natural foraging or
gnawing behaviours.

A replicated, before-and-after study in 2003 of lions Panthera leoand tigers
Panthera tigrisin a zoo in the USA [1] found that when presented with bones
twice a week as enrichment in addition to a commercial diet stereotypic
behaviours deceased compared to a commeial diet without bones. The
presentation of bonestwice a week on fed daysreduced the frequency of
stereotypic behaviours (0.17 proportion of scans) compared to their routine
commercial diet with one bone presented on fast day®.28 proportion of scans)
When presented in the morning, the frequency of resting (65%), standing (14%)
and consumptive (3%) behaviours inceased compared to when fed the
commercial diet (resting: 35%; standing: 5%; onsumptive: 0%). Before the
experiment, the fve cats were fedground beefbased commercialdiet six days a
week and were not fed on the seventh day, instead they received a horse leg
bone. There were four conditions in the experiment, each condition lasted do
weeks 1) baseline data 2) bnes were supplied twice perweek 3) Live fish were
supplied twice per week which were placed inside water pols. 4) A post-
manipulation baseline was measured (for tigers only). Each cat was observed for
one-hour sessions using instantaneous scarampling at oneminute intervals for
aminimum of six hours per cat.

A replicated, beforeand-after study in 2007 of tigers Panthera tigris, ocelots
Leopardus pardaliscougarsPuma concolorcheetahsAcinonyx jubatusand lions
Panthera leoin a zoo in the USA [2] found tht when provisioned with bones
active behaviours increased compared to no added enrichment Active
behaviours, excluding pacing,increased when provisiona with bones (31%)
compared to no added enrichment (16%)This study was conducted on fourteen
felids. Baseline data wasollected before the investigation and two weeks of no
enrichment occurred between each treatmentHorse knuckle or shank bone
were provided daily for seven consecutive days (four days for tigers)Each cat
was observed forone 30-minute sessioriday for ten days over a period of four
weeks prior to enrichment and for two 30-minute sessioriday over three days
during treatments using instantaneous scan sampling.

A replicated, controlled studyin 2009 of Arctic foxes Vulpes lagopusn a
research facility in Finland [3] found that when a cattle femur bone was provided
as enrichment, foxes performed less oral stereotypies and engaged in more
solitary play (mean values not reported) Foxes in the enrichment group
interacted with bonesfor 50 minutes a day (4% of the observations) Sixteen
fox families were used in this experiment. A frozen and defrosted cattle femur
was placed into every second cage of a roWoxesthat were not provided with a
bone could still see and smell the bonesAll foxes were fed twice daily.
Instantaneous focal samplingfrom video recordings were undertaken at five
minute intervals for three 24-hour periods over four months.

A replicated, beforeand-after study in 2013 of red foxes Vulpes vulpesn a
research facility in Norway [4], found that presenting a cattle bone increased
time interaction/manipulation time and reduced latency to contact than
presenting foxes with apulling device, straw, rawhide boneor a plastic cube.
Within the first hour of presentation, foxes spent more time (1751
seconds/hour) manipulating the cattle bone and the latency to contactvas
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shorter (mean values not reported)compared to a pulling device §2.4 s/hour),
straw (31 s/hour), rawhide bone (313 s/hour) and cubes (24s/hour). On the
second day, time spehin manipulation was higher for the cattle bone (70.7
s/hour) than the other objects (0-21.7 s/hour), except for the rawhide (111.9
s/hour), and was again highest for the cattle bone on the fourth day (152.3
s/hour). Thirty juvenile foxes were individually housed and fed a food paste daily
as desired. Enrichment objects include@ pulling device (metal wire and plastic
tubes), straws, pressed rawhide dog bone,attle femur bone, and plastic cube.
The experiment included an adjustment, habituation, deprivabn, and
reintroduction period. All objects were made available to the foxeat the same
time. Continuous sampling was used for the first hour in the reintroduction
period and then for one hour after access othe second and fourth day.

[1] Bashaw, M.JBloomsmith, M.A., Marr, M.J., Maple, T.L. 2003. To hunt or not to hunt? A
feeding enrichment with captive large felid&o Biology22, 189-198.

[2] Skibiel, A.L., Trevino, H.S., Naugher, K. 2007. Comparison of several types of enrichment for
captive felds.Zoo Biology26, 371-381.

[3] Koistinen, T., Turunen, A., Kiviniemi, V., Ahola, L., Mononen, J. 2009. Bones as enrichment
for farmed blue foxes\ulpes lagopus interaction with the bones and preferences for a cage

with the bonesApplied Animal Behdawur Sciencel20, 108-116.

[4] Hovland, A.L., Marit, Rod, A, M, S., Koistinen, T., Ahola, L. 2016. Preference for and use of
oral enrichment objects in juvenile silver foxegul(pesvulpeg. Applied Animal Behaviour
Sciencel80, 122129.

3.4 Feed aplant -derived protein diet

1 One replicated, randomized, controllédstudge replicated, controllec?gtudy
the USA found that a planitved protein diet increased digestible energy and dry
matter digestibiliyit decreased mineral retémtt@hplama taurine levals
maned wolves compared to a (supplementediaaeiinadotein diet.

Background

Many captive, exotic animals are fed diets based on the nutritional requirements
of their closest domestic relative. However, these diets for domestanimals are
not always suitable for nordomestic species with different wild feeding
behaviours. This can cause lonterm health problems such as cystinuria, a
metabolic defect in maned wolves.

A replicated, randomized, controlled studyin 2006 of maned wolves
Chrysocyon brachyuruand domestic dog Canis lupusin a research centre in the
USA [1] found that feedingnaned wolves a plartderived protein diet resulted in
higher energy digestibility and dry matter digestibility but lower mineral
retention compared to an animalbased protin diet. Whenmaned wolves were
fed a plantderived protein diet, apparent digestible energy (3,510kcal/kg) and
apparent dry matter digestibility (67%) were higher compared to an animal
based protein diet (apparent digestible energy: 3,331 kcal/kg; apparent dry
matter digestibility: 65%). Apparent retention was lower on the plantderived
protein diet for copper (7% vs 12%), iron (9% vs 12%), magnesium (26% vs
32%) and sodium (42% vs 53%).The plant-derived protein diet had previously

77



been shown to raise the low urine pH associated with the renal disorder
cystinuria in maned wolves.Diet did not affect transit time. Six wolves and six
dogs were randomly assigned to be fed a digontaining plant-derived protein
(soybean mal) or animal-based protein (meat mealand low ash poultry meat
meal) for a period of 16 days After 16 days, the animals werewitched to the
alternative diet. Faecal samples were collected on two consecutive days
immediately after 12 days of being fed th diets. Dry matter, energy, protein, and
minerals contained in the faeces were measured and chromic oxide was used as
a marker to detect digestibility.

A replicated, controlled study in 2001 of maned wolveghrysocyon brachyurus
in a research centrem the USA [2], fand that when fed a plantderived protein
diet, plasma taurine levels were lower compared to a supplemented animal
protein based diet. When fed a plantlerived protein diet or animal-based
protein diet (4.03 nmol/ml), average plasma taurire was lower compared with a
supplemented animd-based protein diet (66.68 nmol/ml). The plant-derived
protein diet was not within target domestic canine reference range$60z120
nmol/ml) . Deficient concentrationsof plasma taurine levelsresponded within
four months of supplementaton. In the original experiment four wolves were
maintained on the commercial diet (animatbased protein) and two were
maintained on an experimental diet (plant-derived protein). Four weeks prior
and at the end of thediet trial, animals were restrained and sedated to collect a
12 ml blood sample. Due to clinical signs including weight loss and decreased
appetite, the trial was terminated early and taurine supplementation (0.3%
concentration) was deemed necessy. Taurine concentrations were monitored
over a fourmonth period.

[1] ChildsSanford, S.E., Angel, C.R. 2006. Transit time and digestibility of two experimental
diets in the Maned WolfGhrysocyon brachyuruand domestic dog @dis lupu}. Zoo Biology
25,369-381.

[2] Chlds-Sanford, A.E., Angel, C.R. 2006. Taurine deficiency in maned wWiieso¢yon
brachyuru$ maintained on two diets manufactured for prevention of cystine urolithig&s

Biology 25, 87-100.

3.5 Supplement meat -based diets with prebiotic plant
ma terial to facilitate digestion

1 One replicatdokforeandafter studyn India found that providing Jerusalem artichoke as a
supplement increased two types of gut microbiota, faecal scores and mivisture content
leopards

Background

Certain carbohydrates are beneficial for the growth of healthy bacteria in the gut.
Strict carnivores consume connective tissues that have similar affects as these
carbohydrates. However, these animal products are not always easy to obtain
and can be unhygienic if animals eise them in captive conditions. Therefore, a
plant alternative aims to replicate the digestive functions of animal tissues in
obligate carnivores.
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A replicated, beforandafter study in 2012 of Indian leoparéanthera pardus
fuscain a zoo in Indh [1], found that supplementing food with Jerusalem artichoke
Helianthus tuberosysincreased two types of gut microbiota, faecal scores and
moisture contentLactobacillus (8.24 log.cfu/g faeces) andifidobacteriumspp.
(13.04 logecfu/g faeces) anthean faecal scores (2.39) and faecal moisture content
(232.1 g/kg) were higher compared to a diet with no Jerusalem artichoke
(Lactobacillus 7.15 logecfu/g faecesBifidobacteriumspp: 12.13 logcfu/g faeces;
faecal score: 1.80; faecal moisture contek@3.7 g/kg). The Jerusalem artichoke
appears to improve gut health by promoting beneficial bacteria in the colon. Prior to
treatment, eleven leopards housed individually were fed their normal diet of buffalo
meaton-bone with no supplement and during treahnt a supplement of Jerusalem
artichoke (2% of the diet dry matter basis) was added. Each trial consisted of 18 days
of adaptation followed by four days of data collection (blood and faecal samples).
Faecal scores were recorded daily5(11 being the masfirm) and blood samples
were taken using physical restraint in crush cages on fHel@p of each trial.

[1] Pradhan, S.K., Das, A., Kullu, S.S., Saini, M., Pattanail, A.K., Dutta, N., Sharma, A.K. 2015.
Effect of feeding Jerusalem artichokde(ianthis tuberosuy root as a prebiotic on nutrient
utilisation, fecal characteristics and serum metabolite profile of captive Indian leopard
(Panthera pardus fus¢ded a meaton-bone diet.Zoo Bology, 34, 153-162

3.6 Supplement meat -based diet with vitamins o r
minerals

1 No evidence was captured for the effect of supplemebéisgchuiets with
vitamins or minerals on captive carnivores.

Background

The diet offered to captive carnivores can vary and often not replicate their witd
type diet which includes bores, cartilage, and skin. This can cause negative
effects on their gastrointestinal health. Supplementing diets is common practice
to promote the overall health of captive animals, however there can still be
differences in the fermentation process of theseA EA OO 8 3AA ¢s8
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3.7 Supplement meat -based diet with amino acids

1 One replicated, befanglafter, study in the U®AInd that supplementing an
animaprotein diet with taurine, inedeplasma taurine levels in maned wolves.

Background
Some amino acids cannot be made in the body and are therefore essential within
the diet. For felids, taurine is an essential amino acid and a deficiency in taurine
can cause diseases if not present im¢ diet.

A replicated, beforeand-after study in 2001 of maned wolvesChrysocyon
brachyurus in a research centre in the USA [1], foud that supplementing a
protein-based diet with taurine increased the average plasma taurine \Vels.
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When fed a supplemated animalbased protein diet, aerage plasma taurine
was higher (91.18 nmol/ml) , and within target domestic canine reference
ranges compared to no supplement @nimal-based protein: 18.79 nmol/ml ;
plant-based mean: 4.03 nmol/m). Four wolves were maintained on the
commercial diet (animalbased protein) and two were maintained on an
experimental diet (plant-based protein). Four weeks priorand at the end of the
trial, animals were restrained and sedated to collect a 11 blood sample. Due to
clinical signs including weight loss and decreased appetitehe diet trial was
terminated early and taurine supplementation (0.3% concentration) was
deemed necessaryTaurine concentrations were monitored over a fourmonth
period.

[1] ChildsSanford, A.E., Angel,RC.2006. Taurine deficiency in maned wolv@sy{socyon
brachyuru$ maintained on two diets manufactured for prevention of cystine urolithia&s
Biology 25, 87-100.

3.8 Supplement meat -based diet with fatty acids

1 No evidence was captured fovithenee of supplementing diets with fatty acids on
captive carnivores.

Background
Some animals cannot synthesize certain fatty acids and therefore, they are
essential within the diet. Fatty acids have a structural role in cell membranes and

are essentialfor maintaining skin structure (Watson 1998).
Watson, T.0G. 1998. Diet and skin diseagedogs and catslournal of Nutrition128, 27835
27895.

3.9 Increase variety of food items

1 No evidence was captured on the effect of increasing the hitietysodifioo
captive carnivores.

Background

In the wild, animals have a varied diet due to food abundance and availability. In
captive environments, the same food is routinely given, with little variety.
Essential amino acids, fatty acids, vitamins and mingls may not be provided in
one type of feed. The aim of a varied diet is to supply an animal with all nutrients
essential for health, growth and maintenance.
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Species Management: Food Presentation and
Enrichment

3.10 Hide food around enclosure

1 Four repated, befo@ndafter studies in the WSAUK and Germahgnd one
beforeandafter studyf a black béateopard c&ush dogsmaned wolves
and Malayan sun bé#&osnd that hiding food increased exglérargl foraging
behaviouts.

1 One replicated, befanglafter study and one befmd@after study in the USA
found a decrease in stereotypical pacing in leGzard lokzisk béar

1 Onebeforeandafter studyn tle USAound that hiding food reduced the time
Canadian lyspent sleepimyiring the day.

Background

In the wild, many felids, canids and ursids have to forage for food which may be
hidden or difficult to access. In captivity, food may be presented to the animal
directly without any need for active searching. Enchment, including hiding
food, is aimed at promoting natural foraging behaviours and decreasing
abnormal behaviours.

A small beforeand-after study in 1988 of a black bealUrsus americans in a
zoo in the USA [1] found that when food was hidden arounthe enclosure
(including inside objects) walking and stereotypical pacing behaviours
decreased and exploring/foraging behavious increased compared to when food
was not hidden. Stereotypical pacing was lower when food was hidden around
the enclosure (medan 20 minutes/day) compared to being placed on the floor of
the indoor area (median 125 minutes/day) as was walking whereas
exploring/foraging was higher (mean values not reported) One black bear was
fed once or twice daily beforethe study and during ba®line data collection (8
days). During the first condition (6 days), the bear was still given the morning
feed as well as a feder tree containing snacks. The feeder treeleased snacks at
scheduled times of day, releasing food at six different location3.he second
condition (8 days) included hiding all food apart from the meat around the
enclosure, under rocks, in logs and in Boomer balls. Video recordings were taken
for 12 hours starting 06:00 each andcontinuous focal sampling method was
used.

A smdl replicated, beforeand-after study in 1991 of leopard cats Felis
bengalensisin off-exhibit enclosures in the USA [2] found that multiple feeds
hidden around the enclosure, increased time spent locomoting/exploring
increased behavioural diversity and decreased stereotypic pacing. Time spent
locomoting (15.5 %/h) and behavioural diversity (0.547 Shannon index)
increased and stereotypic pacing decreased (9.5%/h) compared to nemdden
food (locomoting: 6%/h; behavioural diversity: 0.458 Shannon index; adng:
18.5%/h). Four cats were singularly housed and baseline data was collectéaf
eight days bebre the treatment, when fed their regular diet 0f0.25 kg of a
commercial meat diet, an egg and one or two dead mice once daily. Thalden
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food treatment (5 days) included four feeds of either a mouse, chick ahegg, or
0.125kg of feline diet hidden in one of two pileof branchesat irregular times of
day. Continuous focal samplingfrom 24-hour video recordings wasused to
record behaviour and location.

A small before-and-after study in 1995 of Canadian lynxLynx canadensi the
USA [3] found that hiding food around the enclosure reduced the time spent
sleeping comparedto when food was not hidden The male lynx and first female
lynx showed a reduction n time spent sleeping (1.1%) when food was hidden
around the enclosure compared to when food was not hidden (30%). Before the
study, the lynxes were fed each morning (processed feline meat, supplemented
with dead day-old chicks, trout and mice). During thdreatment phase, processed
meat was fed each morning and dead prey items were hidden within the
enclosure. Food was hidden dailydr 17 days and hidden for two to three days a
week for 10 days Video recordings were takenand continuous sampling was
used for four 30-minute sessions per day during public opening timesThere
were two study periods 26months apart, only the first period showed significant
results but this may have been due to the death of the original female lynx.

A replicated, beforeand-after study in 1997 of bush dogsSpeothos venaticum
a zoo inthe UK [4] found that when food was hidden around the enclosure,
searching behaviour increased compared tavhen food was thrown into the
enclosure. Searching behaviour increased when food wahidden (6.1%)
compared to baseline data (2.7%) Searching behaviour decreased as the
treatment progressed. Eleven bush dogs in two enclosures were involved in the
experiment. Their regular feeding regime consisted of meat chunks being thrown
into the endosure twice daily (chicken on bone, week old chicks, horse meat or
unskinned rabbit). Instantaneous sampling with 15 second intervals was used
for 30-minutes per dayfor each dog. During enrichment phase the entire daily
food allowance was chopped into sm@ll chunks and hidden in the vegetation,
rock crevices, under logs and within specially constructed woogiles. Baseline
data was collected for ten days, enrichment data for 20 days and post enrichment
for ten days.

A small replicated, beforeand-after study in 2007 of maned wolvesChrysocyon
brachyurusin a research centre in the USA [Hound that when dead mice were
hidden around the enclosure activity rates increased for three out of four wolves
and exploratory behaviours increased for allwolves mwmpared to when no mice
were hidden. There was anincrease in activity (proportion of active time per
individual: 0.6, 0.8 and 0.7) and exploratory rates gvents/minute for each
individual: 0.9, 1.3, 1.7 and 2.8when presented with hidden mice comparedo
no enrichment (proportion of active time per individual: 0.3, 0.2 and 0.5;
exploratory: 0.13, 0.06, 0.07 and 0.08vents/minute). Four individually housed
wolves were observed daily using focal sampling during 3éninute observation
sessions for two weeksof no enrichment, two weeks of hiding micea further
two weeks of no enrichment and two weeks of boomer balls.

A small replicated, beforeand-after study in 2003 of Malayan sun bears
Helarctos malayanusn a zoo in Germany [6] found that hidden food mce or
twice per day with scent tracks leading to empty and filled food hiding places
increased foraging behaiours and behavioural diversity compared to when food
was not hidden Foraging behavioursand behavioural diversity increasedwhen
feeds were hidden once daily (foraging: 40.15%/h; behavioural diversity: 2.3
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Shannon Index) or twice daily (foraging: 43.73%/h; behavioural diversity: 2.9
Shannon Index) compared to when food was not hidden (foraging: 2%/ h;
behavioural diversity: 1.05 Shannon Index Fa three out of four bears, walkirny
behaviour increased (21.P6/h compared to when foa was not hidden
(6.8%/h). Four female sun bears were observetivice daily using continuous
focal sampling to assess behavioural diversity and instantaneous scan sampling
to assess activity budgets. Before treatments, base#i behavioural data were
recorded for the standard feeding regime. The two treatments hathe same
conditions once or twice per day. This includedidden food in eight locations
around the enclosure and p to 12 scent tracks of cinnamon dissolved in ater.

[1] Carlstead, K., Seidensticker, J., Baldwin, R..F®dronmental enrichment for zoo bears.
Zoo Biologyl10, 3-16.

[2] Shepherdson, D. J., Carlstead, K., Mellen, J.D., Seidensticker, J. 1998udieelof food
presentation on the behaviour of small cats in confined environmedt& Biology12, 203
216.

[3] Gilkison J.J., White, B.C., Taylor, S. 1997. Feeding enrichment and behavioural changes in

Canadian lynx at Louisville Zdwternational 00 Yearbook35, 213-216.

[4] Ings, R., Waran, N.K., Young, R.J. 1997. Effect of-pileotbeders on the behaviour of
captive bush dogsSpepthos venaticisAnimal Welfare6,145152.

[5] Cummings, D., Brown, J.L., Rodden, M.D., Songsasen, N. 2007o@ahawnd physiologic
responses to the environmental enrichment in the maned welirfysocyon brachyurusZzoo
Biology 26,331-343.

[6] Schneider, M., Nogge, G., Kolter, L. 2014. Implementing unpredictability in feeding
enrichment for Malayan sun bears€larctos malayanysZoo Biology33, 54-62.

3.11 Change location of food around enclosure

1 One replicated, befanglafter study in Irelafwlind that altering the location of
food decreased pacing behaviours in cheetahs.

Background
Predictability in feeding regimes has been linked to potential anticipatory
behaviours such as pacing and higher levels of aggression. Varying the location of
feeding may make the feeding routine less predictable and therefore reduce
pacing and increase foraging behaviours

A replicated, beforeand-after study in 2010 of cheetahsAcinonyx jubatusn a
wildlife park in Ireland [2] found that when feeding was spatifly varied, pacing
behaviour deaeased compared tausing a predictable location. Pacing frequency
was reduced when food was spatially varied (0.04 mean proportio of scans)
compared to predictable feeding 0.08 mean proportion of scang. Ten cheetahs
were housed in five enclosures @ne solitary male, two solitary females, a male
pair and a mother and four cubj. Instantaneous scan sampling was used at five
minute intervals and a total of 48 scan samples were carried out per enclosure
each day. Eight days of datevere collected per enrichment technique, inclding
eight baseline daysSpatial feeding involved alering feed between the back and
front of the enclosure at the regular feeding time of 160 h. Their diet consisted
of one whole dead rabbit or chicken six days per week.
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[16 v dzA N] S= ¢ 20EL. ThedeffdctloNaRangomid emrichment treatrent schedule
on the behaviour of cheetah#\¢inonyx jubatus Applied Animal Behaviour Sciend&5, 103
109.

3.12 Scatter food around enclosure

1 One replicated, befanglafter study in Brafound that scattered feeding increased
locomotion in manexdwes.

1 One replicated study in Bfamihd that maned wobkf@snt more time in the section
of their enclosure with scatterethimodh aection with food on a tray

Background

In the wild, many felids, canids and ursids have to forage for food ovéarge
areas whereas in captivity, food is often presented to animals directly without
any need for active searching. Potentially, ore natural foraging conditions can
be dmulated by scattering food throughout enclosures and hiding food in
materials covering the floor (e.g. straw)for longer periods. Scatter feeds aim to
increase foraging and exploratory behaviours potentially providing a more
stimulating environment.

A replicated, beforeand-after study in 2003 of maned wolvesChrysocyon
brachyurusin three zoos in Brazil [1] found that scattemg food throughout the
enclosure increased locomotory behaiour in the observation period
immediately following feeding compared to food provided on tray§mean values
not reported). There were also significant individual differences between
scattered foodand food on trays inforaging, aggressionrestingandOi 00 1 £ OEAx §
However, these differences were not consistent for all wolvesThere was no
difference in faecal glucocorticoid metabolites or pacing betwee feeding
conditions. Eleven maned wolvesvere housed in pairs except for one individual.
The wolves were fed once daily with mixed fruit and mixed meat. Ithe baseline
condition food was placed in trays whereas in the scattered food conditiohalf
the regular diet was provided on a tray and the rest hidden in12 locations.
Instantaneous focal samplingevery 30 secondswas used for 20minutes per
individual for five periods per day.

A replicated study in 2012 of maned wolve<hrysocyon brachyurus a 200 in
Brazil [2] found that when given a choice, the wolves spent more time in the
section of their enclosure with scattered food compared to the section with food
on a tray (mean values not reported). There was no difference between the
number of times the wolves chose to enter the scattered or tray section at the
start of each session. There were no differences in intake between scattered and
tray sections between pairs or throughout the months. Prior to the study, eight
maned wolves housed in mixed sexars were fed mixed fruit and mixed meats
once a day. Sixteen 3fninute videotaped sessions were conducted over four
months. The enclosures comprised of a starting compartment, a choice area and
a scattered and tray section. Tray and scattered food condtis were alternated
on each side of the enclosure. The section chosen at the beginning, the time spent
in each area, the number of shifts between sections and the intake of both
animals were all recorded.
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[1] Vasconcellos, A.S. Guimardes, M.A.B.V., @ljvi€.A., Pizzutto, C.S., Ades, C. 2009.
Environmental enrichment for maned wolve€hrysocyorbrachyurs): group and individual
effects.Animal Welfare 18 289-300.

[2] Vasconcellos, A. S., Adania, C.H., Ades, C. 2012. Contrafreeloading in maned wolves:
implications for their management and welfarpplied Animal Behaviour Scienté0, 8591

3.13 Present food in/fon water

1 No evidence was captured on the effects of presenting food in/on water on captive carnivores.

Background:

Many species of carnivoe, particularly bears, hunt or forage in water. Many
countries have regulations against feeding live vertebrate animals, including fish,
to predatory species in captivity. Therefore, providing food in or floating on

water aims to simulate a wildtype situation, encouraging natural foraging and

hunting behaviours.

3.14 Present food in frozen ice

1 Two replicated, befangafter studies in the W&Aund that when presented with food in
frozen ice, abnorfr@ stereotygibehaviours decreased anditgdivels increaséih
bearsand felids

1 One replicated, befanglafter study in the USaund that manipulation behaviours
increased in lions, whereas a replicated study in the USA found that manipulation behaviours
decreased in grizzly bears

Background:

Presenting an animal with enrichment items that encourage manipulation, such
as food frozen in ice, aims to increase engagement of a captive animal,
encouraging active behaviours.

A small replicated, beforeand-after study in 1989 of a Kodiak brown bear
Ursus arctos middendorffian Asiatic black bearSelenarctos thibetanusnd two
polar bears Ursus maritimusin a zoo in the USA1] found that providing food
inside ice blocks increased active behaviours and decreased passive and
abnormal behaviours in the first year of observation compared to norenriched
conditions. When provided with fish in frozen iceblockspears spent more time
engaged inbehaviours classed asactive (49.6% of observations) less time in
passive behaviours (47.6% of observations) and performed fewer abnormal
behaviours (2.8% of observations) compared to noenriched conditions (active:
19.4%, passive: 73.3%abnormal: 7.3% of observations). These resultgvere only
significant in the first year of observations. Foursolitary -housed bears were
studied using instantaneous focal sampling at onminute intervals, each exhibit
was sampled once every five minuteduring two 30 minute sessions a day, three
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days a week, over five months in 1989 and four months in 199F-or theKodiak
and polar bears the enrichment consisted of plain ice blocks and whole mackerel
frozen inside ice blocks. For the Asiatic black bear the ice blocks contained
peanuts, apples, raisins, peanut butter and grape jelly. These items were also
scattered aound the enclosure for the black bear.

A small replicated, beforeand-after study in 1994 of African lionsPanthera leo
in a zoo in the USA [2] found that wherpresented with fish frozen in ice
manipulation and gnaw/licking, stand/locomoting and sniff/flehmen behaviours
increased compared to no enrichmentThe frequency of paw manipulation (22.3
per 30 minutes), gnaw/lick (36.67 per 30 minutes), stand/locomote (26 per 30
minutes) and sniff/flehmen (6.33 per 30 minutes) all increased when presented
with fish in iceblocks compared to baseline data (paw manipulation:0;
gnaw/lick: O; stand/locomote: 6.33; sniff/flehmen: 1.13). Two adult lions and
two sub-adults were all fed at 1700 h daily (3.1 kg chopped horse meat) and
were fasted one day a week. Inahtaneous scan sampling was used at Z&cond
intervals for two-hour periods for 24 daysand included baseline data when no
enrichment was provided. Onezero sampling was also used on specific
behaviours to measure the occurrence of rare belviours, including:
licking/gnawing, paw manipulation, sniffing/flehmen and face rubbing/back roll.
Different enrichments were provided at random due to availability Fsh frozen
in balls of icewere presented to the lions, hanging logs and various scents were
also placel around the enclosure on different occasions.

A replicated, beforeand-after study in 2007 of tigers Panthera tigris, ocelots
Leopardus pardalis,jaguars Panthera onca,cougars Puma concolor,cheetahs
Acinonyx jubatusand lions Panthera leoin a zoo n the USA3] found that when
provisioned with fish frozen in ice, active behaviours increased andtereotypic
behaviours decreased compared to no enrichment Active behavours (51%)
increased and stereotypic behaviours decreased (4%) when provided witfish
frozen in ice compared to the baseline (active: 1%; stereotypic: 27%). Active
behaviours also increased with the provision of bones and scattered spices and
stereotypic behaviours decreased with the provision of scattered spiceg.he
study was conductel on fourteen cats. Baseline data was collected before the
investigation and two weeks of no enrichment occurred between each treatment.
The three treatments included 1) horse knuckle or shank bone daily foiseven
consecutive days (tiger wadour days andjaguar not given); 2) Trout in a frozen
soda bottle, daily foreight consecutive days (tiger wasfive days); 3) 30 ml of
cinnamon, chili powder and cumin were sprinkledaround the enclosure daily for
nine consecutive days (tiger wadive days). Each felidwas observed forone 30-
minute sessioriday for ten days over a period of four weeks prior to enrichment
and for two 30-minute sessioriday over three days during treatments using
instantaneous scan sampling.

A small replicated study in 2010 of grizzly bears Ursus arctos horribilisin a
research facility in the USA [4], found that when food was presented
simultaneously in ice-blocks and unfrozen, the bears spent less time
manipulating and investigating frozen food compared to the unfrozen food.
When appks and salmon werepresented in ice blocks, bears spent lessme
manipulating (apples: 27 seconds;amon: 76 secondg and investigating (apple:

4 seconds; salmon: 2 seconds) compared to the same items that wedreely
available (manipulate: 1122seconds(apple), 874 seconds (salmon);investigate:

86



8 seconds (apples)15 seconds (salmon). Four bears wereroutinely fed at 07:00

h daily and given a snack at 15:00 h on their regular schedule. During the
experimental condition, bears were presented with five foraging choices
simultaneously: apples, apples in ice, salmon, salmon in ice andapi ice
Behaviour was recorded using cotinuous focal sampling for six onehour
observation periodsper bear.

[1] Forthman, D.L., Elder, S.D., Bakeman, R., Kurkowskj,NoWe, C.C., Winslow, S.W. 1992.
Effects of feeding enrichment on behaviour of three species of captive h2agsBiology11,
187-195.

[2] Powell, D.M. 1995. Preliminary evaluation of environmental enrichment techniques for
African lionsPanthera led. Animal Welfare4, 361-370.

[3] Skibiel, A.L., Trevino, H.S., Naugher, K. 2007. Comparison of several types of enrichment for
captive felidsZoo Biology26, 371-381.

[4] McGowan, R.T.S., Robbins, C.T., Alldredge, R., Newberry, R.C. 2010. Conttafge&ioa
Grizzly Bears: Implications for captive foraging enrichméot. Biology29, 484-502.

3.15 Present food inside objects (e.g. Boomer balls)

T Two beforandafter studies in Germdamy Indffound that exploratenyd foragifg
behaviours inased and stereotybiehaviours decreased in sloth’la@arspectacled
bear8when presented with food inside objects.

1 One beforandafter study in the U®AInd that exploring/foraging behaviours decreased in
a sloth bear when presented with fioedobjgcts.

1 One replicated study in thet fd8Ad that grizzly bears spent a similar time manipulating
food in a box and freely available food.

Background:
Providing food inside objects provides an animal with the opportunity to
manipulate their food, hcreasing engagemet and foraging behaviours see 36.

A small beforeand-after study in 1988 of a sloth beaMelursus ursinusn a zoo
in the USA [1] found that the firstand secondpresentation of honeyfilled logs
decreased walking/pacing and exfore/for aging behaviours compared to before
enrichment. Both walking/pacing (first presentation: 10 min/day); second
presentation: 71 min/day ) and explore/foraging (first presentation: 13 min/day ;
second presentation: 35 min/day) behaviours deceased whenpresented with
honey-filled logs (walk/pace: 124 min/; explore/forage: 60 min/day).
Explore/forage behaviour was lower on the third presentation compared to
before enrichment, however walk/pacing was not significantly lower.One sloth
bear was presented vith a honeyfilled log after six days of baseline
observations. The log was presented for five days and was refilled twice. The log
was then removed for two days and represented for a further four days. Post
test data was collected for five days and lastlthe log was presented for five
continuous days.A camera recorded six hours daily 09:30 h to 15:30 h and
continuous focal sampling was performed.

A small beforeand-after study in 1994 of gectacled bearsTremarctos ornatus
in a zoo in Germany [2] fond that providing multiple feeding enrichments
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simultaneously, including logs filled with honey and raisinsincreased the time
bears spent foraging in the mornings compared to when the bears were fed
conventionally, without enrichment. Using bod as enridiment increased the
time bears spent foragig in the morning (average number ofscans 24)
compared to corventional feeding (10.9. There were no significant differences
at other times of day.Feeding routine for three bears was switched weekly
between an enriched routine, which included food hoks, honey inside tree
cavities ard logs filled with raisins, and a conventional routine consistingf fruit,
vegetables, bread and pellets fed twice daily. Behavioural observations were
performed four days per weekfor three hours per day using instantaneous scan
sampling, which started after they entered the exhibit in the morning for a total
of 114 observational hours. Three 6minute observation periods were carried
out daily: between 0830 h and 09:45 h, before roon, and early afternoon.

A before-and-after study in 2007 of sloth bearsMelursus ursinusn a rescue
centre in India [3] found that providing honey-filled logs both intermittently or
daily reduced the frequency of stereotypic behaviour and increaseexploratory
behaviour compared to no enrichment. Theamount of time devoted to
stereotypic behaviours was lower (intermittent: 22%; daily: 22%) and
exploratory behaviours were higher {ntermittent: 21%; daily: 17.5%) than
without honey filled logs (stereotypic: 32.5%: explorative: 14.1%). Fourteen
bears were fed three times daily which included porridge and mixed scattered
fruit. Behaviour was recorded using instantaneous scan sampling with two
minute intervals. Baseline data werecollected for ten days bebre treatment.
Enrichment regime included logs which could hold up to 20@ of honey. Two
conditions were studied: 1) logs were introduced for five days in a row; 2) logs
were introduced on days one, three and five. Behaviour was monitored between
15:00 h and 17:30 h on all five days of a treatment period, behaviour was
monitored for another 6-10 days.

A replicated studyin 2010 of grizzly bears Ursus arctos horribilisin a research
facility in the USA [4, found that when presented with apples in boxes, they
spent more time manipulating the object compared to an empty cardboard box
but a similar time manipulating freely available apples The bears spent more
time manipulating a cardboard box filled with apples (524 secondg and free
apples (1060seconds)compared to an empty cardboard box (10%econds. Six
bears were fed simultaneously over thre days, consisting of three onéwour
trials. Each bearwas presented with free apples, apples in cardboard box and a
cardboard box. Behaviour was recorded usingontinuous focal sampling for one
hour observation periods.

[1] Carlstead, K., Seidensticker, J., Baldwin, R. 1991 Environmental enrichment for zoo bears.
Zoo Biology10, 3-16.

[2] Fischbacher, M., Schmid H. 1999. Feeding enrichment and stereotypicdahavi

spectacled bearsZoo Biologyl18, 363-371.

[3] Anderson, C., Arun, A.S., Jensen, P. 2010. Habituation to environmental enrichment in
captive sloth bearseffect on stereotypiesZoo Biology29, 705-714.

[4] McGowan, R.T.S., Robbins, C.T., Alldre®y, Newberry, R.C. 2010. Contrafreeloading in
Grizzly Bears: Implications for captive foraging enrichméob. Biology29, 484-502.
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3.16 Provide live vertebrate prey

1 One beforandafter study in the U8Aind that hunting behaviour increaseekegims|
decreased when a fishing cat was provided with live fish.

1 One replicated, befanelafter study in the U8Aind that there was no change in the
occurrence of stereotypical behaviours in tigers when provided with live fish.

Background:

In the wild, carnivores hunt both terrestrial and aquatic vertebrate prey. In
captivity, carnivores are provided with meat or carcasses and are not able to
practice their natural hunting behaviours. Providing captive carnivores with the
opportunity to hunt is possible although in some countries there are regulations
against feeding live vertebrate prey.

A small beforeand-after study in 1991 of a fishing cat~elis viverrinain an off-
exhibit zoo enclosure in the USAL] found that when provisioned with live fish,
sleeping behaviour decreased and hunting éhaviour increased compared to
behaviour before the provision of live fish. Sleeping behaviour decreased 120)
and hunting behaviour increased (39%) when provisioned with live fish
compared to before live fishwere provided (sleeping: 67% hunting: 0%). One
fishing cat was observedfor six non-consecutive days beforethe treatment
followed by six nonconsecutive days where one or two live fish were placed in
pools in the enclosure. A secahbaseline period of & days followed this The cat
was fed its regular dietof processed meatdaily between 0830 h and 09:30 h.
Observations began 30 minutes after the fishing cat rentered the enclosure
after the fish were released into the pools. Instantaneous focal sanmpg at 30
second intervals for 30minute periods were recordedtwice daily over a period
of two months.

A small replicated, beforeand-after study in 2003 of Sumatran tigersPanthera
tigris sumatraein a zoo in the USA2] found that when presented wit live fish,
there were no significant differences in the frequencyof stereotypical behaviours
compared to days without live fish Twotigers were fed a commercial felinediet
six days a week and were not fed on the seventh day, instead they received a
horse leg bone. There were four conditionseach lasing four weeks: 1) baseline,
2) bones were supplied twice per week3) live fish were placed inside shallow
water pools twice per week, and4) post-manipulation baseline. Eachtiger was
observed for nine one-hour sessionsin each conditionusing instantaneous scan
sampling at oneminute intervals.

[1] Shepherdson, D. J., Carlstead, K., Mellen, J.D., Seidensticker, J. 1993. The Influence of food
presentation on the behaviour of small cats in confined emvinents.Zoo Biologyl2, 203

216.

[2] Bashaw, M.J., Bloomsmith, M.A., Marr, M.J., Maple, T.L. 2003. To hunt or nohtf Au
feeding enrichment with captive large felid&o Biology22, 189-198.

3.17 Provide live invertebrate prey
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1 One replicated spud the USAound that provision of liveipcegyased explorative
behaviours in fennec foxes compared to other types of enrichment.

Background:

For some carnivores, providing live invertebrates is a good form of feeding
enrichment as it stimulates natiral hunting behaviours. For example, providing
crickets in a dispenser which is put under a mound, or placing crickets inside a
pumpkin are methods which have been tried with some small felid species

(Wooster 1997)
Wooster, D.S. 1997. Enrichment teddures for small felids at Woodland Park Zoo, Seattle.
International Zoo YearbopB5,208-212.

A small replicated study in 1986 of fennec foxe$ennecus zerda a zoo in the
USA [1] found that feeding live crickets increased explative behaviours
compared to med being cut into smaller piecesextra sand in the enclosure and
less noise during cleaning. When fed live crickets, explorative behaviours
increased (80 minutes/day) compared to the median of otherconditions (40
minutes/day). Four fennec foxes housed in pairs were fed daily at 130 h on a
commercial diet, fuit, eggs, fish bones and mealorms (onlytheOx 1T | AT AOB
statistically analysed). Behaviours were assessed based on 2Hour video
recordings during five to eight 10-day periods. Theconditions included: 1) added
sand, 2) provision of live crickets, 3) meat was cut into smaller piecesand4) no
excessivenoise made duringcleaning. Behavioural categories included pacing,
digging, exploring, burying food and resting/sleeping.

[1] Carlsead, K. 1991. Husbandry of the Fennec fd&enhecus zerda environmental
conditions influencing stereotypic behavioumternational Zoo YearbooRO, 202-207.

3.18 Provide devices to simulate live prey, including
sou nds, lures, pulleys and bungees

1 Twobeforeandafter studies in the U&Ad the Wfound that activity levaisl
behavioural diver&itgreased in felids when presented wittoagutiey systém
1 One replicated, befanglafter study in the 3®Aind that pacing behaviouraksmnteand

AAO,

walking increased in cougars, but pacing initially increased in tigers, when provided with a

carcass on a bungee.

Background:
Providing food that simulates wild-type prey aims to encourage natural feeding
behaviours and reduce stereotypical behawurs as it mimics wild situations.

A small beforeand-after study in 1977 of servalsFelis servain a zoo inthe USA
[1] found that when provided with a lure and rewarded for hunting behaviour,
activity levels of one femaleserval increased comparedo no enrichment. When

DOAOAT OAA xEOE A |1 O00Anh OEA EAI Al A0 AAOE

compared to no enrichment (18.2 min/h). Two females and one male, housed in
an outdoor erclosure, were presented with a lure, which triggered the delivery of
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a food reward when struck.The food would come out at the far endf the run
and would often get consumed bya different animal to that which struck the
lure. One of thefemales died before the second study period. Two observation
periods were performed e year apart. Frequencyf jumping, contact with lure,
food consumed, threat displays and general activity &re recorded using one
minute intervals for one or two twenty minute sessions per day and compared to
session with no enrichment.

A small beforeand-after study in 1996 on cheetahsAcinonyxjubatusin a zoo in
the UK [2] found that when a whole rabbit was presentedon a pulley,
behavioural diversity, time spent visible to the observer and fequency of
sprinting behaviour increased and feeding andaffiliation behaviours decreased
compared to feeding without the pulley Behavioural diversity (1.74 Shannon
Index), time visible (5%) and frequency of sprinting (data not repored) all
increased and feeding (8) and affiliation (26%) behaviours decreased
compared to baseline data (behavioural diversity:1.49 Shannon Index;time
visible: 1%; feeding: 11%; affiliation: 24%). Two cheetahs housed together were
fed onewhole rabbit each once daily. dstantaneous focal samplingoccurred at
30 second intervals &ad was undertaken one hour before, 20 minutes during
cleaning and feeding and one hour after cleaning had finished. During the
treatment, a whole rabbit was attached to the wire of the pulley system which
moved around the enclosure on releaseBaseline da& was collected for ten days
before the treatment, ten days during and five days post treatment. Cheetahs
were trained for two weeks on chase and capture of moving bait before the
study.

A small replicated, beforeand-after study in 2006 oftigers Panthera tigris and
cougars Felis concolorin a zoo in the USA3] found that when fed a partial
carcass on a bungee, pacing behaviour decreased and walking behaviour
increased in cougars, while the frequency of pacingnd other behaviours
increased in tigers ompared to before providing a bungee carcass. In cougars,
pacing behaviours decreased (6%) and walking behaviours increased (6%) when
fed a carcass on a bungee compared to pemrichment (pacing: 32% walking:
2.5%). Tigers showed an increase in pacing @%) and OT OEA0O8 AAEAOET «
(aggressive, social, interactive, stalking and jumping) (15%) compared to pre
enrichment (pacing: 4%; other: 11.5%). The tigers pacing behaviour increased
during the first provision and decreased on the second provision, indicatg the
initial increase was due to unfamiliarity with the object.Faecal glucocorticoid
metabolites did not vary throughout the testing period. Fourfelids, housed in
pairs were fed a skinned deer rump individually on a 120cm bungee cord.
Behaviour was recorded every two minutesusing instantaneousscan sampling
over three hours, during pre and posttreatment. Faecal samples were collected
once a week forfour months prior to treatment and twice a week from first
treatment until one week after thesecondtreatment.

[1] Mellen, J.D., Stevens, V J., Markowitz, H. 19Bivironmental enrichment foresvals,
Indian elephants and Canadiantters at Washington Park Zoo, Portlandternational Zoo
Yearbook21,196-201.

[2] Williams, B.G., Waran, N.K., Carrutel., Young, R. J. 1996. The effect of a moving bait on
the behaviour of captive cheetah&ginonyx jubatus Animal Welfare5, 271-281.
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[3] Ruskell, A.D., Melers, S.T., Jenkins, S.E., and Santymire, R.M. 2015. Effect cCBuagee
Enrichment on Bedwior andFaecal Glucocorticoid Metabolites in Two Species of-Boased
FelidsZoo Biology34, 170-177.

3.19 Food as a reward in animal training

1 No evidence was captured for the effects of using food as a reward in animal training
captive carnivere

Background:

Positive humananimal relationships are discussed as a form of enrichment for
captive animals. Using food as positive reinforcer for animal training is
commonly used to help with veterinary and husbandry procedures. This form of
training aims to reduce the potential stress experienced by an animal when in

close proximity to humans(Claxton 2011).
Claxton, A.M. 2011. The potential of the hurammal relationships as an environmental
enrichment for the welfare of zoboused animalsApplied Animal Behaviour Sciends3,1-10.

Species Management: Feeding schedule

3.20 Provide food on a random temporal schedule

1 Three replicatdakforeandafter studies in SwitzetldrelandlandCanada, UK, Ireland,
Namibia and South Afaca one micated, controlled study in |fétandi that an
unpredictable feeding schedule reduced the frequency of stereotypic pacing behaviours in
tigersand cheetahg @

1 Onereplicated, befeaadafter controlled studyhe USAound than unpredatle
feeding schedule increased territorial behaviour in coyotes but did not affect travelling or
foraging.

1 Two beforandafter studiga Switzerlahdnd the USAound that an unpredictable feeding
schedule increased behavioural diversity in tbifalersness in a bifmked cat.

Background:

Environmental enrichment variability and novelty is important for captive
animals. Predictable regimes may cause negative impacts due to habituation,
such as an increase in pacing. Creating an unpredictabiegime aims to keep
enrichment items novel and maintain longterm positive impacts on the
behaviour and welfare of captive animals.

A small replicated, beforeand-after study in 1998 of Amur tigers Panthera
tigris altaica in an outdoor encbsure in a zoo in Switzerland [1], found that
feeding boxes with random opening times reduced the frequency of stereotypic
pacing. When housed separately and fed at a random time and place of the
enclosure, time spent stereotypic pacing by the female tiggil%) was reduced
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compared to a conventional feeding schedule (16%) but not by the male
(random placement: 0%; conventional feeding: 3%). When housed as a pair,
stereotypic pacing was reduced in both tigers (0%) compared to conventional
feeding (female: 7% male: 10%). Two tigers were studied both when housed
alone and as a pair. Several electronically controlled feeding boxes were installed
at different places within the outdoor areas of the enclosure. Before 09:00 h,
meat was distributed to all boxes andhe doors were closed. The tigers were
only able to open the boxes during two random 15 minute periods between
09:00 h and 17:30 h when the doors were unlocked. Tigers were fed on three day
feeding regimes including a threeday baseline (fed at 14:30 h fotwo days and
one fast day), three days conventional feeding (fed at 14:30 h) and lastly box
feeding. Behaviour was recorded for six hours on the third day of each regime
using focal sampling. The study was replicated when housed as a pair.

A replicated, before-and-after controlled study in 2009 of coyotesCanis latrans
in a research centre in the USA [2], found that when fed using automated feeders
on an unpredictable schedule, marking and howling behaviour increased
compared to a predictable scheduleFrequency of marking behaviour (118
events/observation session) and howling behaviour (81 events/observation
session) was higher when fed using an unpredictable regime compared to a
predictable regime (marking: 42; howling: 24). There were no differencesitime
spent foraging, travelling, resting or standing. Twelve coyotes were housed
individually in 0.1 ha experimental pens. Using automated feeders, one group of
coyotes were fed daily on a predictable schedule at 08.00 h and 08.05 h and one
group were fed twice daily on an unpredictable schedule. Observations included
both pre- and postfeeding activity and nonfeeding times using continual focal
sampling for two hours per individual per day for ten days.

A small beforeand-after study in 2005 of redfoxes Vulpes vulpesn a wildlife
park in Switzerland [3] found that when foxes were provided with unpredictable
automated feeds, behavioural diversity and activity increased compared to
scheduled feeding butnot in relation to other feeding enrichment methods.
Behavioural diversty (Shannon index: 2) and time spent in activebehaviours
(45%) increased when fed unpredictably, compared to predictable feeds before
(Shannon index: 1.5; activity: 14%) and after (Shannon index: 1.8; activity: 26%)
enrichment was presented. Activity was defined as all behaviours except resting
and sleeping.Four adult foxes, housed together, were fed daily except Saturdays,
on 400 g of meat, 200 g of fruits and 200 g of dried dog food, raisins, sunflower
seeds and nuts. Behaviouwas observed for onehour sessions four times a day.
During each observation hour, each fox was continuously observed for 15
minutes to assess behavioural diversity while instantaneous scan sampling at 2.5
minute intervals was used to assess general acttyi Data were collected for five
days in six conditions: 1) scheduled feeding times; 2) electronic feedersach
randomly dispensing 1/3 of all meat feed between 10:00 h and 18:00 h; 3)
electronic feeders and a selfervice food box; 4) electronic feedersplus
scattered and hidden food; 5) electronic feeders and an esdtronic dispenser
which dispersed food around the enclosure; and 6) a second period of scheduled
feeding times

A replicated, beforeand-after study in 2010 of cheetahsAcinonyx jubatusin a
wildlife park in Ireland [4] found that varying the time of feeding decreased
pacing behaviour. Pacing frequency was reduced when food was temporally
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